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IIKAIIT lllSKASK AND IA\'\'M Kl'N'CTlON^ 


3IiTrin;i,t. ni;i!NSTi:ix. -M.D.. Ki>\VAiti> ]>. Ij; Winn, .\ni> 

Samit.i. Simkins, M.]).. I’mi.Ain-.i.riiiA. Pa. 


H KHETflFOllK, studies of the relalioiishil» of hei)!ilie fiinelio)) to lieart 
dis(>!iS(; have Ix'en based solely u]>ou elinieal ohservatious.’'' A review of 
the literature fails to diselose any studies eorrelalintr liver funetioii and eardiae 
disease, as determined hy jireeise methods. In the ])re.sen1 report we have at- 
tempted to .study this relationship hy means of the hromsulfalein retention test 
and hy the measurement of the velneity of Wood flow and the venotis iiressure. 


MATiaUAI. AN«) MKTUOnS 


A "roup of oO iiatients. free from he])atol)iliary disease was sliidicd. There 
wore 2!) men and 20 women, raufriii" in a"e from If) to 7!) years. Tl)ese j)alicnls 
were studied elinieally and quantitatively as to the stat\rs of the eirculation 
and liver. For the puri)ose of this invo.stiuation the patients were divided as 
follows : 


A. Control Group: Patients free from any demonstrable evidence of heart 
di.sease. Five patients Avith uncomplicated Inqierthyroidism wore included in 
this group. 

B. Cardiac Grpup: These patients, evidencing definite heart di.scase, were 
for practical purposes'"' subdivided on a functional basis as follows: 

1. Fully compensated heart disea.se. 

2. Mild cardiac decompensation, evidenced by exertional dyspnea and 
cyanosis. 

3. Jloderate cardiac decompensation, evidenced by dyspnea, cyanosis and 
pulmonary congestion, the last named being demonstrable clinically or*bv 
roentgen-ray examination. 


‘From the lledical Ser\ice of Alitchell Bernstein, M.D. 
Received for publication, April 11 , 1912. 
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2 THE JOURXAI^ OF LAHOUATOHy AND CIAXICAI. MEniCIXK 

4, j\Iarkccl cardiac dceomi)cnsalioii, evidenced hy syin])1oin.s and signs of 
groups 2 and 3 ]diis hepatomegaly, edema, or ascites, 'riiree patients were, 
listed in more than one gron)') in accordance with their changing fnnetionat 
cardiac status. 

In the group of cardiac patients were 34 with hypertensive cardiovascular 
disease, 16 with arteriosclerotic heart di.seasc, 5 with myocardial infarction, 6 
with rheumatic heart di.seasc, 2 with subacute bacterial endocarditis, and one 
with adhesive pericarditis. 

The circulation was studied quantitatively by means of the venous prc.s- 
surc and the magnesium sulfate and ether circulation time 1e.sts. The venous 
pressure was measured directly by the use of an L-tube, calibrated in milli- 
metei's and centimetei’s, to which was attached an 18 gauge needle. Both tube 
and needle were thoroughly llu.shcd with 2.5 pei- cent sodium citrate solution. 
The patient was in recumbent position, except wlien prevented by extreme 
cardiac insufficiency. The arm was abducted to a 45 degi’ce angle and sup- 
ported on a pillow which was so arranged as to jdace the antecubital fos.sa 
5 cm. postei'ior to the level of the fourth .steniochondral .iunction. A tourni- 
quet was applied to the arm, and the needle was inserted into a large ante- 
cubital vein. The patient was cautioned to lie and breathe as quietly as pos- 
sible. After the fluctuations of the venous column of blood subsided, the 
pressure was read directly in centimeters of blood. With the needle left in 
situ 5 c.e. of warm 10 per cent magnesium sulfate solution were in.icctcd as 
rapidly as po.ssib!o and the end point was determined, giving the arm-to-tonguc 
circulation time. One minute later 5 minims of ether mixed with 5 minims 
of normal saline solution u-ere in.iected and the end ]ioint was determined, 
giving the arm-to-lung circulation time. 

By means of the bromsulfalein retention test an index of the liver func- 
tion was obtained. A dose of 5 mg. of bromsulfalein per kilogram of body 
weight was employed. The bromsulfalein determination followed or jjrcceded 
the stud.v of the circulation as closely as jiassible, usually within one or two 
hours. After injection of the dye, readings were made from specimens of blood 
collected at intervals of five, fifteen, and thirty minutes. 

A total of 70 sets of circulation times, venous prc.ssurc, and bromsulfalein 
determinations were performed in the 50 patients. 

CrUcriii . — The following values were used as normals in determining the 
status of the circulation; 

Venous pressure: 3 to 12 cm. of blood. 

Arm-to-tongue circulation time (magnc.siinn sulfate circulation time") eight 
to fourteen seconds. 

Ann-to-lung circulation time (ether eireulation time) three to eight seconds. 

Lung-to-tongue eireulation time (magnesium sulfate circulation time minus 
ether circulation time) up to eight seconds. 

Failure of the left side of the heai*t was evidenced by a reading of lung-to- 
tongue circulation time greater than eight seconds. Failure of the right side 
of the heart was evidenced by a reading of ether eireulation time greater than 
eight seconds and/or by a reading of the venous pressure over 32 cm. of blood. 

Bi'omsulfalein retention of 10 per cent was considered as the upper limits 
of normal. 



nr.UNsTf.iN I'.T Ai.. : 
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A. ('nulffil (ti'ituii. l''il 
iioiii'iinliMc patit'iils. In \ \ 
noniiiil. AvhiTi’as one ]ia1i< nt 


Iccii M'ls (if (li-lrnninarntii'; writ' on 

liaticnts Un- ItnniiMiKalrin liver fiinelioii le*.! u;m 
sliiiwed an alnnirinal Inninsnlfalein reteiitinn 


o\it (leinonstraMe eaUM-. 

IJ. (’oiv/ine (;rinip.- \n Id patients eoinprisinu !:i<inp 1 (I'nlly e<Mnpensale<l 
lieaii (liseasiA. 12 nf V.l ileterininatinns ina<le sUnwed aefeeinent and nne deter- 
niitintioii sliowed dis;iL'i'eeinen1 lietweeii the I'ardiae status atnl the li\er fnni’- 
tion. (Jrouj) 2. ennsistiiif: nf Id ))atienl.s. diselosed 11 detevininations in whieh 
tlioi'o was ai^i'eeinent and >1 with disaureeineiil. Of 14 deterininalifins t?iade 
on 14 patients in maaip 2, (> deterniinatiotis slw'ved tin* eardiae stains and the 
liver fnnetion tests to he in anreenu'nt and S showed disairreeini'iit. In protip 4, 
eonsistin'j of 1!? i'atieiits. 11 of 14 detenninalions showetl afireeiiieiit between the 
cardiac status and livin' function, whereas .‘5 showed disairrei'ineiit. 

Tlut'c cases are worthy of sju'cial mention. One patient, a fi. ’-year-old mail 
with acute myocardial infarction, at fii'st disclosed failure of the riuht and left 
sides of the heiirt. as eviileneeil by the eireulation time. Tiiere was marked 
cyanosis which persisted throutrhout a proloneed eonvaleseenee. AUhoneh the 
mairnesium sulfate circulation time deereaseil .steadily from 2.'i.4 seconds to 14.4 
seconds within a period of twenty-two days, with a eorre.simndint: drop in 
ether circulation time from 10.0 to 7.0 seconds, the jiarallel hromsulfalein deter- 
mination raniied from 40 per cent to 28 jier (rent retention. It is very proh.'ihle 
that tiic anoxemia, as evidenced hy the cyanosis, may liave hoen a causal factor 
in the continuance of the ahnormal hroin.sulfalcin retention. Another ptitienl. 
a GO-year-old woman with decompensation due to liyperlensive cardiova.senlar 
di.sea.se, .showed exceptional parallelism lietwccn tlie liver fnnetion .and the 
cardiac statirs as the .state of eompcn.sation progressively improved, both clin- 
ically and by the method of measurement described above. A third patient, 
a 52-year-old woman with rheumatic aortic, stenosis complicated'' by liyjier- 
thyroidism, showed slight ahnonnal hromsulfalein retention (12 per cent) rvith 
moderate failure of the right side of the heart ; venous ])re.ssurc 14.8 cm.; arm- 
to-tongue (magne.sium sulfate) circulation time 15.S seconds; and arm-to-lung 
(ether) eii’culaliou time 10.0 seconds. It is to he noted in the foregoing case 
that the circulation times would undoubtedly liavc been much higher rverc it 
not for the marked tendency of the hyperthyroidism to decrease the circnla- 
tion time. 


DISCUS-SION 


Our studies indicate that the hromsulfalein excretion is normal in the 
absence of heart failure (control and compen.sated lieai-t disease group.s). In 
mild degrees of cardiac failure (group 2) the hromsulfalein excretion is im- 
paired in close parallelism rvith the .status of the circulation. Incidentally, it 
is worthy of mention that in mild degrees of cardiac decompensation Die cireula- 
tion times and venous pre.s.surc may fall within nomal limits in a fairly hiah per- 
centage of patients, a fact previously brought out by the authors.® 

It is noteworthy that in patients rvith definite pulnionarv eoimestion 
(group 3) the correlation of hepatic function wdth the condition of the clreula- 
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A SIMPLIFIED BEDSIDE TEST FOR LATENT JAUNDICE* 


Alan Lhslie, il.D., New York, N. Y. 


AN ORDINART, tliiii, 3 inch riibbei* band is the only a])pavatus required 

for this test, the technique of which is as follows; The rubber band is 
placed about the patient's iqiper arm, drawn taut inesially away from the skin, 
and then released. A typical “triple response" of Lewis' then takes place. 
We are not concerned with either the red reaction or the hare. A wlieal (third 
phase of the “triple response”) appeal’s in five to fifteen minutes. The sur- 
rounding skin is tlien stretched in order to blanch the area, wliieh is the site 
of the erythematous flare. This may be done advantageously by pressure over 
a glass slide. Tlie colors of the wheal and of the surrounding skin are compared 
in either day or artificial light, the former being preferred. A positive test for 
jaundice is characterized by yellow coloration of the wheal. 

The physiologic principles underlying tlie test liavo been well knowm for 
considerable time. In 1931 KleiiY demonstrated that in cases of jaundice 
wheals produced by the iutracutaneous injection of histamine were darker yel- 
low than the surrounding skin. He further stated that when the biliiaibin 
content of the blood was raised to levels insufficient to produce clinically de- 
tectable jaundice, histamine ivheals showed yellow coloration. In 1936, Brodi'ibb 
and Cullinan^ reported quantitative studies of this method. They injected 0.1 
mg. of histamine in 1 minim of sterile solution iutraeutaneously in the upper 
arm or back. They were able to detect a yellow coloration of the wheal in cases 
of biliary obstruction or hepatic damage when the blood bilirubin was 0.5 ing. 
or more per 100 e.c. In cases of hemolytic jaundice positive tests were not seen 
nnlp.^vs the blood bilirubin concentration was at least 1.1 to 1.4 mg. per 100 e.c. 
These authors mentioned the possibility of positive tests in eai’otinemia and al- 
lied diseases in which there is increased pigment in the blood. 

The wheal of the “triple response" of Lewis, whieli is due perhaps to lib- 
erated histamine or “H-substance,” is physiologically indistinguishable from 


*From the Medical Service of Dr. George Bachr, the Mount Sinai Hospital. 
Received tor publication. February 9, 1912. 
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wheals proclueecl by hislamiiic injected intracutaiieonsly. Any brisk superficial 
localized trauma may be substituted for the rubber band method of raising tlie 
wheal, but because of its simplicity and convenience, this latter procedure is 
specifically recommended. 

mjKKKEXCKS 

1. Lewis, T.: The Blood Vessels of the lluman Skin and Their Responses, London, 1927, 

Shaw & Sons. 

2. Klein, 0.: tiber die Anreicherung von Bilirubin und intravenos inji/.ierter larbsto le 

im Bereiche der durch intradermale llistamininjektion erzeugten Hautfpiaddelii, 
:Med. Klin. 27: 625, 1931. 

Brodribb, H. S., and Cullinan, E. E.: A Simple Test for Latent .Taundiee, Lancet 1: 123/, 
19.16. 


OBSERVATIONS ON ADDITIONAL INSTANCES OP A SUPERNORMAL 
PHASE IN THE HUMAN HEART* 


Howard B. Burchell, M.D., Rocue.ster, ^Iixx. 


I N 1924 Lewis and Master' reported a case of heart block in which complete 
dissociation of the auricles and ventricles was interrupted by occasional con- 
ducted beats. It was noted that in oi’der for conduction from auricle to ven- 
tricle to occur, the P wave had to fall in a definite time period after the preceding 
QRS complex of the idioventricular rhythm. Cases of this type are not rare, and 
an example (Case 1) has been chosen from two which I have encountered. 

REPORT OF CASES 

Case 1. — The patient was a man 73 years of age who suffered from attacks of sjmeope. 
Except for bradycardia and generalized senescent changes, physical examination gave nega- 
tive results. An electrocardiogram (Fig. 1) revealed an idioventricular rhythm with, a cycle 
of two seconds, and occasional interruption or interference of the cycle by premature ventricu- 
lar complexes which followed a P wave with a constant P-R interval. When the P waves 
which were followed by ventricular complexes were charted (Fig. 2), it was seen that they 
fell between 0.36 and 0.88 second after onset of the preceding QRS complex; P waves falling 
outside tliis phase were not conducted. 

Comment . — Lems and Master explained this phenomenon by the presence 
of a supernormal phase of conductivity similar to a biologic phenomenon observed 
by Adrian and Lucas- in 1912 and described in greater detail by Adrian^ in 1921. 
These observers demonstrated that in injured, excitable tissue there was a short 
period during recoverj^ from a previous stimulus in which the tissue became 
hypersensitive to new stimuli. In 1925 Ashman* observed the existence of the 
supernormal phase of conductmty in the hearts of tui-tles, in which varying 
degrees of auriculoventricular block had been produced. The work of Hoff and 
Nahum= in 1938 indicated that a supernormal phase of excitability could be 
present in relatively normal mammalian ventricular muscle. 

A second type of cardiac mechanism exhibiting evidence of the supernormal 
Ph^is much more rare and is that of paroxysmal heart block occurring eon- 


•From the Division of ileUiclne, the ilayo Clinic. Rochester 
Received for publication. March 4, 1942. 
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Fi(j. 1. — Comploto hourt block except for occa.sioniil auilculoveiitrtcubir coiuluctiun. Two 
conducted beats are shown in the upper tracinjr (Lead II) and one In tlie lower trucini; (Lead 
Cf’:). The ventricular complex of the conducted beat has a different shape from (he QliS com- 
plex of the idioventricular rhythm. It Is al.so Interestintc to note that the returnlni; cycle of 
idioventricular rhythm Is shorter than might be expected. 


i I n 



.06 see. 

t'P waves without vtzntricular response. 
.J-P waves with ventricular response 


jpig. 2. The positions of all the P waves that were followed by auriculoventricular con- 

duction are compared with the positions of P waves associated with auriculoventricular block. 
There is a slight overlapping of two groups at the beginning of the time phase of favored con- 
ductivity but not at the end of this phase. The P-R interval of the conducted beats is not 
charted but was normal and the same for all conducted beats. 


Fig. 3.— Paroxysms ot complete auriculoventricuiur block following 
resumption of auriculoventricuiur conductivity only when u P wave ^“en in a <lvflnite time 
relationship after an idioventricular beat are demonstrated, i he phenomenon 
in the upper tracing and twice in tlie lower. The P-P intervals are given in hundredths of 
seconds. 




t = P waves without, ventricular rc^xinse 
.V = P waves with ventricular response 


Pig. 4. — Upper portion demonstrates the position of P waves, alwavs followed bv auriculo- 
yentricular conduction and the maintenance of normal rhythm, and the position of P waves 
followed by auriculoventricular block.. In the original tracing numerous P waves were present 
olJIi the same grouping, many were omitted in this figure as their iiumbers 

whl^h representative group. In the lower portion of the chart P toS 

i(lio\entncul^ were associated with auriculoventricular conduction 

and resumption of normal rhythm may be seen. Except for one possible excentinn ^ 
outside this time relationship were not .associated with auriculoventricular qondSSn ^ 
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comitantly witli auricular slowing. The electrocardiographic records ohlained 
ill Case 2 are similar to those obtained in a case reported by Wilson and 
Herrmann'' and described later in detail by Ashman and Herrmann,' and to those 
in a case reported by Kline, Conn, and lioscnbaum.'* 

Cask 2. — Tlie putient, a iiiati 29 years of age, rogistereU at tlie Alayo Clinic in Febru- 
ary, 1940, and related a Iiistory of frequent attaebs of syncope of two years’ duration. 
It was noted on physical examination that the fainting spells wore associated with ven- 
tricular asystole and that attacks could be reproduced by- pressure on either of the carotid 
sinuses. There was a rather distant, harsh, aortic systolic murmur, and the heart was 
slightly' enlarged by roentgenographie examination. History' of rheumatic fever was not 
obtained. 

On electrocardiographic study it was noted that complete auriculoventricular dis- 
sociation was dependent on auricular slowing. Auriculoventricular conduction was never 
re-established until one or more idioventricular beats had occurred, and the P wave of the 
first beat to bo conducted had to have a definite time relationship to the preceding QHS 
complex. The tracings reproduced in Fig. Il are representative of numerous records ob- 
tained, both in spontaneous attacks of auriculoventricular dissociation and in attacks in- 
duced by pressure on a carotid sinus. In the upper tracing reproduced in Fig. A it may 
be seen that there is a gradual .slowing of the auricular rate, the cycle increasing from 
O..o2 to 0.7G second, with a gradual dhsplnccment of the P wave away from the preceding 
complex. It was noted that as soon as the P wave falls away from the U wave phase of 
the tracing, conduction to the ventricle no longer occurred. In the lower tracing of the 
same figure the sumo phenomenon occur.s twice. It may be pointed out again that there 
was no resumption of the normal rhythm until an idioventricular beat has occurred, that 
is, an idioventricular beat had to sensitize the conducting tissues from below before an 
auricular impulse could bo conducted from above. When the P waves were charted (Fig. 
4), it was found that when they felt more than O.GS second after the preceding QRS com- 
ple.x auriculoventricular dissociation occurred. With return of auriculoventricular con- 
duction the P waves fell between 0.40 and 0.05 second after the preceding QRS complex 
p.xcept for the one exception charted. That a vagal influence on the conduction mechanism 
is unlikely, is indicated by the fact that temporary resumption of conduction may occur 
while the auricular rate is still slow. An explanation dependent on an increased blood supply 
to the bundle following a period of block does not prove satisfactory, since the time of 
conducted beats is independent of the periods of ventricular standstill. The outstanding 
ditference between this case and the ii.sual case of Adams-Stokes’ attacks dependent on 
paroxysmal heart block is that in the latter, heart block usually is preceded by an increase 
in the auricular rate and failure of recovery in the conducting tissues. 

Since the patient had frequent attacks of syncope, digitalis was administered in the 
hope that it might produce permanent auriculoventricular block and relieve the synuptoms. 
It was found, however, that digitalis caused complete block only when symptoms of mild 
intoxication from digitalis were present. Administration of digitalis, therefore, was di.s- 
continued. After the patient returned home, the sy-mptoms soon disappeared entirely, and 
he was able to do his routine work on the farm. 

The patient returned to the clinic two y'cars later, in February, 1942. It was found 
that he had complete auriculoventricular dissociation with a ventricular rate of 40. Sub- 
cutaneous administration of 1 c.c. of epinephrine (1:1,000) or grain (0.0013 Gm.) of 
atropine did not have any effect in changing the complete block. His general condition 
at this time was e.xcellent, although the aortic systolic murmur was louder, a faint diastolic 
murmur was present at the left of the sternum and the heart hud increased slightly in 
size. During a continued period of auscultation the first heart sound occasionally had the 
accentuated loudness characteristic in certain cases of complete heart block. 

suji.yrAuv 

TJie pre.seiice oi' tlic .siiperuoiTiial period in llic Imiiiau lieart lia.s been used 
to explain cases of interference dissociation in which the auricles are beating 
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more rapidly than the ventricles, cases oC paroxysmal heart block in which cessa- 
tion and resumption of auriculoventrieiilar conduction have a phasic dependcnc\ 
on the immediately preceding electrical events and cases of possible parasystolic 
rhythm. An example is given of each of the first two types of mechanism which 
are best explained by the existence of a supernormal i)eriod in excitability of the 
conduction tissues. Case 2 is considered of some importance, as it is anothei in- 
stance of the undoubtedly rare ca.se.s in which the supernormal period has played 
a role in the maintenance of normal sinus rhythm. Following establishment of 
complete block, the patient has remained in relatively good health for two years. 
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PEECUTANEOUS TYPHOID PROPHYL.tYKIS"" 


Abr.lh.vh Gelperin, H.D., M.P.H., .vnd D.vle Kessler, 1 M.D. 
C1NCINN.VT1, Ohio 


PERIODIC tj^phoid prophylaxis is necessary if there is continuous possibility 
of contact writh the typhoid bacillus. Eeinoculation by the intradermal route 
presents a technique that has promise of being the method of choice.^ Since 
large numbers of persons are sometimes involved, it was deemed advisable to 
study the percutaneous route of administering antigenic stimulation in an at- 
tempt to simplify the procedure further. 

It has been showm. that many diverse sub.stances are absorbed through the 
skin.’^- ^ In previous investigations huge doses of bacilli were utilized— as much 
as 100 mg. of bacilli by w'eight wdth an emulsion base.^ Since such enormous 
amounts of antigen would be impossible of production, doses were used which 
seemed likely to be both antigenic and feasible of manufacture. 

The typhoid strain utilized was isolated in 1926 at the Cincinnati General 
Hospital. Its Vi content is unkno-wn. Standard vaccine wms prepared, two 
billion bacilli to the cubic centimeter. The production of “H” antibodies was 
s^tudied, since a measure of protective antibodies was not possible; and the pro- 
due^ of “0” antibodies following intradermal inoculation was found to be 

•From the Cincinnati Healtli Department. Cincinnati. 
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practically nil by Van tickler.-* Our titration of "O’' antiliody ;,Mve the .same 
result. Our first attempt at percutaneous stimulation utilized 20 billion typhoid 
bacilli a day for three consecutive days; the second employed a single dose of 200 
billion bacilli. 

Twenty-four patients of the Hamilton County Chronic Disease Ilosiiital, who 
had no history of either typhoid fever or prophylaxis, were divided into three 
groups. Initially each patient received an intracutaneous primary antigenic 
stimulation of 0.1 c.c. of the prepared vaccine. The control group, A, was 
reinoculated fourteen days later with 0.1 e.e. intracutaneously. Group B at the 
same time vigorously massaged an emulsion of 20 billion disintegrated (alternate 
freezing and melting) bacilli into the .skin of the forearm, and group C an equal 
dose of whole bacilli. The emulsions were applied to alternate forearms for 
three consecutive days. Tlie base was Jergens lotion, and each 0.2 c.c. contained 
the required dose. 

Nine days after the termination of the secondary antigenic stimulations, 
blood sera titrations revealed equivocal results in groups B and C, and increases 
in 5 of 7 persons in group A. Six months later 13 patients were retested, 2 from 
group A, 7 from group B, and 4 from group C. (The other patients were not 
available.) The initial serum titrations showed marked losses in all. Each 
patient ^^gorously massaged an emulsion of olive oil and whole bacilli into the 
forearm; each 0.2 c.c. dose contained 200 billion bacilli. Sixteen days later 
serum titrations revealed no significant increases in titer. 

With the technique employed, no appreciable typhoid •‘H” antibody ivas 
stimulated by percutaneous vaccination. 
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ACQUIRED DRUG RESISTANCE IN THE IIE.HOLYTIC 
STREPTOCOCCUS‘S 


MonoAX Cb'TTS, ]\[.D., AXD Albert Y. Troim'Oij, ScAI. 
Providence, R. I. 


M ac IjEOD and Daddi,^ and subsequently Jjowell and co-workeis* showed 
that some strains of pneumococci, previously susceptible to the action of 
sulfapyridine, can be rendered “resistant” by growing them in gradually in- 
creasing concentrations of the drug in vitro. Recently Hadley and Hadley^ re- 
ported somewhat similar results in the ca.se of a grouj) A hemolytic streptococcus. 
Using increasing concentrations of sulfanilamide and an incubator temiierature 
of 40° C., they were able to show an “adaptation” of the organism from 2.5 to 10 
mg. per 100 e.c. drug concentration. They also noted a change from the mucoid 
to the smooth phase coincidentally with this adaptation. The present work was 
planned to investigate the production of drug resistance in vitro in the ease of 
the hemolytic streptococcus, the as-sociation of phase transformation.s, and the 
duration and stability of the resulting modified strains. 

The organism used throughout these e.\periments was a group A hemolytic 
streptococcus, freshly isolated from a case of acute pharyngitis. Culture media 
included plain blood agar plates without added peptone and a meat infusion 
broth of pH 6.8 likewise without added peptone. At one point in the experi- 
ments 20 per cent ascitic fluid was added to the standard broth to produce an 
enriched medium. The varying concentrations of the drug were obtained by 
adding the proper amounts of stock solutions of 50 or 100 mg. per 100 c.c. of 
sulfanilamide in broth. 

In describing the various phases of the strains studied we have followed 
closely the outline of Dawson, Hobby, and Olmsteacl.'* 

At the outset considerable difficulty was encountered in selecting a suit- 
able organism, for most strains whether fre.shly isolated or from stock cultures 
were little affected by concentrations up to 50 mg. jicr 100 e.c. of sulfanilamide 
in broth even when a small amount of inoculum Avas used. Finally the one 
used, GA, Avas found on repeated tests to .shoAv no growth in concentrations 
above 7.5 mg. per 100 c.c. sulfanilamide in broth. Morphologically, this or- 
ganism closely resembled the other strains previou.sly discarded. It formed 
small rounded colonies on blood agar AA'hiti.sh to reflected light Avith inilkj' 
centers and no mucoid border and Avith a smooth margin Avhen examined under 
loAV pOAver. It formed homogeneous suspensions in saline and Avas not virulent 
for mice. The lethal dose Avas betAveen 1 and 2 ml. of a tAventy-four-hour broth 
culture. No capsules could be demonstrated. It resembled the typical 
“smooth” colony described by other Avoi-kers. During the course of subse- 
quent experiments it remained essentially stable, and only during the latter 

‘From the Charles V. Chapin Hospital, Providence. 
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half did it show some tendency toward the M-S form, as evidenced by sliglitly 
increased size and tlatv\ess of the colony on blood a-iar, and by the occasional 
development of a mucoid “fringe.” 

Over a period of two weeks GA was subjected to growth in increasing 
concentrations of sulfanilamide in broth at a teinpeniture of 3i.5 G. Ihis 
was begun at a concentration of 2 ing. per 100 c.c. and carried up by daily 
subcultures to a concentration of 100 mg. per 100 c.c. The resulting strain 
labeled G-AR after being grown for several transfers in plain broth was tested 
for drug susceptibility at the same time as the parent strain GA which had 
meanwhile been carried in plain bi'oth. The inoculum was small, i.e., one 
standard loopful of a twenty-four-hour broth culture was mixed with 5 c.c. of 
broth and a loopful of this mixture wa.s used for the test. The results appear 
in Table I. 

T.\bi.e I 


IxiTi.vii Coitp.u’.isox OF Drug Resist.vxt and Origix.vl Str-ux 


DRUG 

COKCEN'TKATIOK 

0 

5 

7.5 

10 

15 

•20 

25 

35 

50 

75 

100 

Broth 

rrff 

z 

■Ql 


■Ql 

0 

0 

0 



0 

GA 











Agar* 

a:: 

ffrr 

j? 



0 

0 






Broth 

GAR 


ilU 

ffff 

112 

22 

ffir 

irn 

22 

n:t 

22 

22 

nit 

a 

0 

Agar* 

rtrt 

iiz 

nrr 


nn 

nit 

22 

nn 

22 

nn 

nn 

nit 

JTff 

0 


•Subculture from the corresponding broth tube after forty-eight hours. Full growth ; 

scant growth; 0, no growth. 

The broth tubes were read at fort>'-eight hours, the agar plates at twenty-four hours. 


As is evident a marked degree of drug resistance had been produced in 
GAR. Coincidentally nith this, the phase of the organi.sm had been changed, 
for GAR showed definite differences from the parent strain GA with regard 
to the colonies on blood agar plates. Comparing the two, GAR was smaller, 
had a finely stippled surface, and showed some roughening of the border, espe- 
cially after forty-eight hours. GAR also showed some tendency to spontane- 
ous clumping in saline sus-pensions as compared to none in GA. From this we 
inferred that GAR was in an intermediate stage between smooth and rough, 
an S-R form, while GA had remained smooth. This difference persisted and 
was even somewhat accentuated at the end of the experiments. 

One month later GA and GAR were again tested, neither strain having 
been exposed to sulfanilamide in the interval. The findings ivere essentially 
the same as in Table I, the difference in susceptibility of the two strains to the 
drug being slightly more marked than before. An attempt was now made to 
modify the phase of GAR by growing it in enriched media. Twenty per cent 
ascitic fluid broth was used. The result w'as another variant, called GARA, 
which resembled the smooth type of organism in its colonial form except that 
unhemolyzed red blood cells were usually present immediately beneath the 
colony. Six weeks, and again three months, after the second test of GA and 
t^AR all three strains were tested at the same time. The results of these and 
the onginal tests were represented in Chart 1. 

At the close of these experiments GA was morphologically in the S or 
p ase, GARA was similar except for the unhemolyzed red blood cells beneath 
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the colony as noted befoi'e, and OAK was a definite H-Il 1‘onii very distinct in 
its colony type rroni eitlier of the others. It is evident, tlierefoiaf, that over a 
period of three niontlis lliere was, in tlie ea.se of tIAH, a marked lo.ss of resist- 
ance to snlfanilainide without any reversion to tlie standard or smooth type 
of this orf'anism. it is ahso eviilent that in t!ie case of CIARA chaiifie of phase 
did not alter the sn.sceptihility of the organism to snifanilamide or cause any 
(inicker loss of re.sistance to the dru”: than was the case with the parent 
strain GiVIi. 


. ptf IDO c-e. 



GA GAR GA GAK CA GAR GARA GA GAR GAttR 

ll-s-"!/ la-J-'d I'li-si 

1. 


SUAI-MAKV 

1. A hij>:h deirree of resistance to siilfaniiamide was produced in vitro in a 
group A hemolytic streptococcus. 

2. This resistance was maintained at a high level for one month and subse- 
quently spontaneously disappeared in the course of ul)out tliree more months. 

3. Evidence is presented wliieh suggests tliat tliongii change of phase and 
drug resistance may bo produced .simultaneously by tlie action of sulfanilamide 
these two factors are not dependent upon each other, and may be separately 
modified. 
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CLl^^lCAL EXlM-nUliNGES WI'l'IE A :\rOD[ElCAT[OX OF THE TAKATA 
REAC'l'ION IX BLOOD AND CEREBROSPINAL FLDID 


II. UCKO, :M.D., London', England 


I N 1035 and 1036 I descTil)ed a modification ot! the 'I’akata serum reaction. 

This reaction had been advocated as a test for the diaf?no.sis of liver diseases 
by Staub (1029) and Jezler (1920). The modified test, which I studied in 160 
cases, has since been investigated 1)J' a number of workers in different eounti’ies. 
They have tested the sera of more than 2,500 patients suffering from different 
morbid conditions, including a large number of pathologic conditions of the 
liver. In the Italian literature the test is generally referred to as “Ucko 
reaction.” It has also been applied to the cerebrospinal fiiiid of patients suf- 
fering from organic diseases of the nervous system and has given interesting 
results in comparison with other protein reactions. It seems, therefore, worth 
while to survey the experiences of these authors, some of which are published 
in journals not available in this country and which give .sufficient data to .judge 
the diagnostic value of the test. This is the purpose of this paper. 

TECHNIQUE AND N.rTURE OE THE MODIFIED TE-ST 

The reaction consists in a precipitation of .serum protein by addition of 
•sodium carbonate and mercuric chloride to serum. 

Owing to an omission in the fir.st publication (193.5), a mi.sunderstanding has arisen 
about the number of tubes required for the test. This is how it should be carried out; 

iieafjents; O.Sfi per cent solution of anhydrous sodium carbonate; 0.5 per cent solution 
of mercuric chloride (sublimate). Into 6 clean test tubes of 11 mm. diameter each, con- 
taining 0.2 c.c. of serum, are measured 0.1, 0.15, 0.2, 0.25, 0.3 c.c. of the sodium carbonate 
solution. After shaking, the same quantities of the mercuric chloride solution are added 
and the tubes are shaken again. Headings by daylight are taken at once and after ninetj* 
minutes: 

Negative reaction: three or more tubes are translucent. The mixture may he clear or 
may show a slight opacity. 

Reaction +: the fir.st three tube.s are turbid and not translucent. 

Reaction + +; all tubes show a uniform turbidity and are not translucent. 

Reaction + + +: a thick precipitation in all the tubes forms immediately after the addi- 
tion of tlie reagents. 

The performance of the test i.s extremely simple. Only the two solutions have to be 
prepared with absolute accuracy. If kept in the dark and at 0° C., they remain accurate 
for a mouth, after which time they have to be renewed. They should* be checked from 
time to time by adding a drop of phenolphthuleiii to a mixture of equal parts of the solu- 
tions. If accurate, the mixture .shows a weak pink color. It i.s important always to use 
anhydrous sodium carbonate. 

Received for publication. April 20, 19 12, 
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The niituro of the reaction has not yet been cluured up .satisfactorily. The active part 
of the reagent seems to bo an unstable complc.v o.xyehloriilo of mercury, which precipitates 
serum protein under special quantitative, and perhaps qualitative, conditions (Ucko, 1936-1938). 

The precipitate formed is scrum globulin while albumin has a protective influence 
(Ucko, 1936). The protein concentration and the albumin-globulin ratio are, therefore, of 
definite importance. Other still unknown factors may play a part. 

THE TAKATA KEACTION 

Takata’s reaction, which is read after twenty-four liours, consists of a 
flocculation produced hy addition of a strong; solution of sodium carbonate, 
mercuric chloride, and fuchsin to a progression of serum dilutions and was 
designed for quite different purposes. It was Jezlcr who showed that this 
reaction is strongly positive in the .sera of cirrhosis of the liver. Jezler, how- 
ever, used Takata’s procedure without adapting it to the new purpose. M.xten- 
sive clinical .studies have proved that positive Takata reactions are most fre- 
quently found in the sera of patients with liver diseases, especially with cir- 
rhosis of the liver. Positive reactions may, liowever. occur in otlier illne.sse.s. 
Multiple myelomas (Kahler’s disea.se) always give a strongly positive reaction. 
Positive reactions can also be found in ea.ses of glomerulonepliritis, nephrosi.s, 
pneumonia, pulmonary tuberculosis, etc. 

My procedure iias the technical advantage of giving a clear end 
point only after ninety minutes and of allowing a gradation of the results from 
•f to -i- + -f. A compari.son of the two reactions in .1:12 cases by my.self (193(5) 
and of 33 cases by Ouglielmini (1937) .showed that the modified reaction po.s- 
sesses a greater certainty in indicating affections of tlie liver. 

UE.SUETS OUTAI.XED WITH THE MODIFIED KEACTIO.X 

Kesults arc .summarized in Tallies T and If. The total numlier of ea.ses is 
approximately 2,600, 373 of these being patients with liver or gall bladder 
lesions. 

All but one of 92 cases of Lu'ennec’.s atrophic cir/7io,s(.s- (Table 1, «) had 
Ijositive reactions (99 per cent). The reaction was -c-r-r in 83 patients (90.2 
per cent), -i--i in 7, and + in one patient. Two of Cozzutti’s cases had -f -i- reac- 
tions at an early stage. Stati.stics of the original Takata reaction (Schindel 
and Barth, 1934) have furnished onlj’- 83 per cent of positive and 6.8 per cent 
of doubtful (Jezler, 1938) re.sults in liver cirrho.sis. 

Four cases of group h (Table I) had negative reactions: one with the 
diagnosis of chronic hepatitis (out of 4), one termed hypertrophic cirrhosis 
with splenomegaly (Takata’s reaction negative), one hepatomegaly (Vaquez), 
and one hydatid cyst of the liver. 

Fifteen of the 46 patients had -f -f -i- reactions. These comsist of one patient 
with hypertrophic cirrhosis, one with amyloid degeneration of the liver, one 
with acute liver necrosis, 4 (of 16) with syphilitic hepatitis, one with arsen- 
ical hepatitis, one with liver abscess, one with multiple cysts of the liver, 
and 5 (of 7) with kala-azar. Regarding kala-azar, the formol test (gelatini- 
zatioii of the serum on addition of formol) may be remembered. It is due 
to a marked relative increase of the serum globulins (reduction of albumin?), 
a characteristic feature of kala-azar. Kala-azar has been included in this 
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group because the disturbed equilibrium of the serum proteins is probably due 
to the severe liver damage as a result of the protozoal infection. 

One rcticulo-cndothcUoma and 2 case.s of primanj cancer oi the liver gave 
and -f-r-f reactions, respectively (Table I, c). The patient M'ith a 4--- 
reaction shoived diffuse cirrhotic liver changes at autopsy. 


tabie r 


NO. 

DUGN'OSIS 



-r-r 

•r -r + 

AUTHOK-S 

a. 92 ( 

Cirrhosis of the liver (Lacimec) 

1* 

1* 

7 

83 

Boccia, Cozzutti, Di 

Benedetto, Guglielmini, 
.Tezler,* Sacchetti, TJeko 

b. 1 

Hypertrophic cirrhosis 

.. 



1 

Boccia and Gamalero 

1 

Hepatomegaly (Vaquez) 

1 

- 

- 


Sacchetti 

1 

Hypertrophic cirrhosis + 
splenomegaly 

1 

“ 

- 


j Guglielmini 

1 

Amvloid degeneration 


_ 


1 

|Ucko 

1 

-■Veute liver necrosis 

_ 



, 1 

[Boccia and Gamalero 

1 

Liver abscess 


; 

i _ 

1 1 

Boccia and Gamalero 

1 

Hydatid evst of liver 

1 

1 



Boccia and Gamalero 

1 

Mutiple cysts of liver 

1 ^ 

! _ 

1 _ 

1 

Boccia and Gamalero 

16 

Syphilitic hepatitis 

- 

6 

1 6 

4 

1 

Benedetto, Cozzutti, Sac- 
chetti, IJcko 

0 

Enterogenous hepatitis 



5 


Benedetto 

4 

Chronic hepatitis 

1 

' 2 

1 


Cozzutti 

1 

Alcoholic hepatitis 


1 



Boccia and Gamalero 

1 

Arsenical hepatitis 




1 

Boccia and Gamalero 

0 

Amoebic liepatitis 



2 


Benedetto 

2 

Hepatitis brucellaris 



2 1 


Benedetto 

7 

Kala-azar 


- 

2 

5 

Benedetto 

(!. 2 

Primary cancer of liver 



1 

1 

Cozzutti, Ucko 

1 

Beticulo-endothelioma 


i 



Cozzutti 

a. 31 

Secondary cancer of liver 

9 

8 

10 

4(2)* 

Benedetto, Boccia, Coz- 
zutti, Guglielmini, Jez- 
ler,* Sacchetti, TJeko 

1 

Cancer of pancreas -r jaundice 

- 


1 


Cozzutti 

1 

Cancer of bile ducts 

- 

1 

- 


Boccia and Gamalero 

e. 55 

Liver congestion (heart failure) 

m 


IS 

1* 

Benedetto, Cozzutti, Jez- 
ler,* Sacchetti, TJeko 

1 

CardiohypertropUic cirrhosis 

■i 


1 


Boccia and Gamalero 

f. 7 

“Liver disorder?” 

4 

1 

2 


TJeko 

35 

Cholecystitis 

23 

12 



Sacchetti 

28 

Gall bladder disease 

24 

4 



Cozzutti, TJeko 

1 

Obstructive jaundice (stone) 


1 



Cozzutti 

26 

Gallstones + cholecystitis 


12 

!•’ 

9 

Sacchetti 

6 

Cholangitis 

3 

2 

1* 


Boccia, Sacchetti, Jezler* 

g. -iO 

Simple jaundice 

34 

5 

1 


Boccia, Cozzutti, Gugliel- 
mini, Omstein, Sac- 
chetti, TTcko 


•These results deviate from findings of majorits' of authors. See text. 


Among 33 eases of secondary carcinoma of the liver of different origin 
(Table I, d ) , there were 9 negative and 4 -r-f -f reactions. Twenty patients had 
4- and -f-r reactions. This gives a total of 24 positive reactions (73 per cent), 
while in a similar group of 85 eases only 30 per cent of positive Talrata reac- 
tions were observed (Schindel and Barth, 1934). 


All authors agree that the degree of positivity of the reaction in patients 
Math hver conyesUon due to heart failure corre.sponds ivdth the clinical con- 
<1 ion (Table I, e). Only 7 of 56 case.s gave negative reactions (12 5 per cent) 

f f' patients with a failing heart without clinica^i^ns of 
turn congestion had negative reactions (Cozzutti, Guglielmini). 
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The next group (Table I, /) contains 103 patients, mainly with lesions of 
gall Madder and bile ducts. Fifty-four negative reactions were found. In 3 
cases with gall bladder trouble and + reactions (Coz/.utti) the liver was tender 
and enlarged and jaundice was pre.sent. Among tlie 4 cases labeled “liver 
disorder?” only the 3 patients with positive reactions showed signs of a lesion 
of the liver on examination. 

Sacchetti’s cases witli 12 ++ and 2 -f + r reactions will bo discu.s.sed later. 

The results obtained in cases of .simple (catarrhal) jaundice (Table I, g) 
are important since mo.st patients (34 of 40) had negative reactions. Very 
divergent re.sults have been obtained with Takata’s reaction in cases of jaun- 
dice. Six of my own cases had positive Takata and negative modified reaction.s. 
In some cases of jaundice positive results were the first signs of more severe 
liver damage (Ucko, 1936). Xo clinical details are available about the 6 posi- 
tive cases in this group. 

Di Benedetto, without quoting exact lignre.s, states that mo.st of his pa- 
tients with simple jaundice had negative reactions, some, liowever, + and -r-f 
reactions. His observations have not been included in Table I. 


Taih.k ri 


NUMBKR 

CLASSIFIOATIO.V 

- 

+ + + + + + 

1. 230 

Livor diseuse.s and di.sease.s with 
definite livor damage 
(Table I, a-e) 

(9.1%) 

101 

v-l-^ ' =45% 

= 00.9% 

2. 143 

Diseases of the biliary .system, un- 
certain liver case.s, and simple 
• jaundice 

(Table I, /, !/) 

SS 

(01.5%) 

37 10 2 

• . ' =1.4% 

= 38.5% 

3. 2,031 

(approx.) 

Other diseases 

1,752 
( Approx. 
vSO.3%) 

= 13.7% 


Taken all together, 90.9 per cent of the cases with liver affections had 
positive reactions while only 38.5 per cent of positive results were obtained in 
patients suffering from diseases related to the biliary .system and from simple 
jaundice. The number of + + ->- reactions in the first group was 104 compared 
■with only 2 in the second group (45 per cent again.st 1.4 per cent). Also the 
percentage of + e reactions is higher in group 1 than in group 2 (23 per cent 
against 11 per cent) (see Table II). 

Patients suffering from all common internal and neurological illnesses, as 
well as a number of healthy people, have been examined by the different au- 
thors in order to find out how far positive reactions are related to affections 
of the liver. The total number of cases (2,031) is only approximate, since 
many authors do not quote the exact number of their patients. 

Table III gives a list of nonhepatic diseases in which positive results have 
been obtained. They do not occur regularly. Many patients suffering from 
the same illnesses have negative reactions. The number of diseases is limited, 
and they are on the whole those in which the original Takata reaction has also 
been found to give positive results. 

Of the patients examined 86.3 per cent had negative reactions, 11.7 per 
cent + and + + reactions, and only 2 per cent + + + reactions. The majority of 
















L’CKO: Monn-'iCATioN* ok takata kkactios 


21 


patients with ++ and -i + f- reaetioiis consisted of 104 eases of malaria ol)sei-ve<l 
hy Vesee and of 25 skin diseases observed by Bronzini. The remaining eases 
are 17 with -i-+ and only 5 with + reactions; -i patients with Kahler’s disease 
(multiple mveloiuas), one with diabetes and one with miliary tuberculosis, all 
observed by Jezler and his collaborator, Bots. None of the other authors have 
found + + + reactions among their nonhepatie cases. The majority of these 
patients had -f reactions (6.3 per cent). 


Taui.k hi 


yoKur.i'ATic Dihkasks With Positivk IIkm^tioss 


DEGREE OE UE.VCTIOX + 

T + 

4* + T 

Nephritis, nephrosis 

Biabetes 

Nepliritis, polyarthritis 
Rlieumatoid arthritis 

Multiple myeloma (Jezler) 

Pernicious anemia 

Peliosis rheumatica 

Carcinosis, carcinoma of pan- 
creas 

Diabetes 

Pernicious anemia 
Lymphogranuloma inguinalis 

Diabetes (Jezler, Bots) 

Malignant lymphadenoma 

Tuberculosis of lungs, miliary 
tuberculo.sis 

Tuberculosis of lung (Rubino) 

Tuberculosis of lungs, pleurisy | 
Pneumonia, lung abscess 
Typhoid, amoebiasis, brucellosis 

Lung abscess, broneliiectasis 

Miliary tuberculosis (Jezler) 

ilalaria 

Malaria, spinal tumor, tabes, 
general paralvsis of the insane 

Malaria (Vesce) 

Cerebrospinal syphilis, hemi- 
plegia 

General parah'sis of the in.sane 
(G.P.I.) 

Tuberculosis of skin, other skin 
diseases 

.Skin diseases (Bronzini) 


DLSCUSSIOX 

The experiences of four authors could not be included in this general survey. 

An article by ilontalbano (1938) on the subject was unobtainable. Ac- 
cording to Vesce (1939), this author has examined 167 patients and has found 
po.sitive re.sults in most of his liver ca.se.s. He has, however, observed -f-f-r 
reactions in patients wdthout clinical signs of liver disease. 

Backert’s results (1938) have been omitted because he found only one 
negative reaction among 125 patients with different illnesses and 10 healthy 
persons. This fact can only be explained by an error in his technique. Baekert 
himself is satisfied Avith his results, especially AAuth regard to liver disease. 

Ornstein (1937) has not recorded the degree of positmty of the reaction. 
Apart from the diseases in Table III, he has encountered positiA’e results in 
eases Avith the diagnosis of pellagra, Grave’s disease, and oAmrian deficiency. 

Rubino’s (1938) readings of the reaction differ from those put fox-Avard 
by those mentioned and in previous papers. His results have, therefore, not 
l)een included in Table II and are dealt Avith separately. 

Most authors come to the conclusion that the test is a very valuable, simple, 
and rapid laboratory method, generally indicating hepatic involvement and 
thus aiding clinical diagnosis. 

Cozzutti emphasized that + reactions may occur in cases of syphilitic 
hepatitis and are not specific for liver cirrhosis. Table I shows other liver 
afteetions Avith + + + I’eactions. 

Guglielmini regards the new reaction as being .superior to the original one 
and believes that reaction + + indicates cirrhotic changes; reaction -f- local- 
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ized liver affections; and reaetion +, simple liver eon.uestioii. This classification 
is not confirmed hj" the result of the other authors. 


Sacchetti followed up eases with chronic affections of the biliary .system. 
His number of .stron-jly positive reactions and +-}• ■•-) is very high. Accord- 
ing to him, the test is of great value in indicating possible damage of the liver 
parenchyma. Except in an emergency, patients with gallstones should not he 
operated on if their serum reactioii is stronger than -f. In such ca.ses medical 
treatment .should be given first. 'Phis may lead to an improvement of the te.st 


and to better chances if surgical interfereJice is necessary. 'I'wo of .Sacchetti ’s 


.cases with -b-r-f reactions died .soon after operation. 


The postoperative re- 


covery of cases with + + I’eactions was unsatisfactoiy. After successful opera- 


tions the reaction became negative. 


Jezler, who introduced the Takata reaction into the clinic as a liver func- 
tion test, and his assistant, Bot.s, arc not in favor of modifications of the original 
technique. Bots’ and Jezler’s liver cases are ideivtical ajid have, therefore, not 
been included separately in Table I. Jezler’s results have been marked with 
an asterisk to show that they generally deviate from the findings of the ma- 
jority of authors (- and + reactions in liver cirrhosis, reaction in liver 
congestion, and -f-f reaction in cholangitis). He also foinid + + + reactions in 
one patient with diabetes and one with miliary tuberculosis. AVith regard to 
the negative reaction in one patient with liver cirrho.sis among 92 (Table I), 


it is interesting to note that a series of 25 Takata-negative case.s, verified at 


autopsy, includes 2 cases of liver cirrliosis (Jezler, J93S, p. 431). 


Although positive results with the test described are not confined to liver 
diseases, the great number of cases collected by at least 14 different authors 
show clearly the enormous incidence of positive reactions when the liver is 
primarily or secondarily involved in the morbid condition. Positive results in 
nonhepatic cases are comparatively rare. There is. however, no doubt that 
the reaetion, like the original Takata reaction, can be positive in cases without 
clinical or pathologic manifestations of liver disease. The test is, therefore, 
not a specific indication of liver disease. It can only be used as such in con- 
nection with the clinical findings. It indicates an alteration of the serum pro- 
teins of a nature which is not properly understood, but it is possible to conclude 
that the liver must play an important part in the etiology of this alteration. 
If used with the necessary precaution and in connection with the clinical obser- 
vation, and if certain other causes and diseases (Table III) have been excluded, 
the test is undoubtedly an easy method of great value for diagnosis, prognosis, 
and treatment of liver disorders, and for the differential diagnosis of doubtful 
cases. On the strength of the observations collected in this paper it seems 
justified to recommend the reaction for the routine examination of possible 
liver affections and as a test for the liver function with regard to protein 
metabolism. Reactions -H-+ suggest the presence of a severe parenchymatous 
lesion or destruction of the liver. In the majority of cases this lesion is cir- 
rhotic in nature. Other severe liver lesions of an extensive but not always 
diffuse character can also give -h-c-f reactions. Marked impairment of the 
protein-regulating function of the liver, recognizable by a positive serum reac- 
tion, may, however, occur without gross morphologic lesion. Even a strongly 
positive reaetion is reversible and can be affected by treatment, as in the ease 
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of syphilitic hepatitis and liver congestion. The test is also of assistance tor 
the differential diagnosis of jaundice since the majority of cases of simple 
jaundice give negative reactions. Cases of jaundice witli ++ or + + + reactions 
should be diagnosed with caution. All my own cases with such reactions turned 
out not to be simple jaundice. The differential diagno.sis between simple jaun- 
dice and mild hepatic necrosis, often impossible for the clinician, seems also to 
be facilitated by the test (see also Ucko, 1938). 


T.vble IV 


NUMBER 

DUGKOSIS 

^ RESULTS 

EFFECT OF 
TREATMENT 

21 

10 

5 

39 

10 ' 
13 

Acute and generalized exudative eczema 
Eczema rubrum madidans 

Papulous eczema 

Different clironic eczemas 

Hyperkeratotic eczema ot palms and soles 
Squamous eczema 

+ + + 10 cases 
+ T 9 eases 
+ 2 cases 
+ + + 3 cases 1 
+ + 3 cases | 
+ 0 cases 

Cured 

Improved 

Xot improved 
Improved 

Cured 

Kot improved 
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The occurrence of positive reactions in nonhepatic diseases suggests that 
alterations of the serum proteins, similar to those found most regularly in liver 
diseases, can take place in certain other illnesses (Table III). Some of these 
(e.g., diabetes, pernicious anemia, typhoid, malaria, amoebiasis, brucellosis, 
syphilis) even affect the liver morphologically. The involvement of this organ 
may account for the disturbance of the protein metabolism manifesting itself 
in a positive serum test. Other diseases (e.g., nephritis; Kahler’s disease; focal, 
acute, and chronic infections like rheumatoid and other forms of arthritis; 
pneumonia; pleurisy; lung abscess; bronchiectasis; tuberculosis; hnnphogranu- 
loma) show no such implication of the liver. A disturbed protein metabolism 
in Kahler’s disease, in renal and certain infectious diseases is, however, known. 
It has not been recognized until recently that the liver plays an important role 
in the regulation of protein metabolism. Liver function tests (glucose, levulose, 
and galactose tolerance, hippuric acid formation, etc.) have shown impaired 
liver function in illnesses where no hepatic involvement was expected. There 
is strong evidence that the liver is responsible for the alteration of the serum 
proteins in hepatic diseases. 'While the matter is open to discussion, it is very 
likely that the liver is also responsible for the disturbance of the protein metab- 
olism in those nonhepatic diseases where such a disturbance is a regular occur- 
rence. The alteration of the sermn proteins, which leads to a positive serum 
reaction, would then be the manife-station of a liver disturbance brought about 
by the causative agent. Apart from its practical significance the test, there- 
fore, draws attention to the liver in diseases with disturbed protein metabolism 
and to the role of this organ in protein .synthesis and equilibrium.® 


SPECI.Uj ixyestigatioxs 

Some authors have used the test for determining the liver function in cer- 
taiu illn esses. Their results merit special consideration. 

J Clii ■' ■'^Uh the cephalin-^olesterol flocculation test (Haneer F w- 

ili, 1939; Rosenberff. D. H. : Arch Sure- ■’ . 

■ .. ■. obtained by the modified TaimtateoT^o 3^41) give results 

compare both reactions on the same cases. The similariK- " ‘1* interesting to 

tMts m certain nonhepatic diseases points to a Uv™ dysfunctinn^rJfholHi?^ different 

alteration in such cases. e * lo a u%er uystunction rather than to an unspecific 
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1. Malaria. Vesce (1939) examined 137 cases of African malaria. Tlie inci- 
dence of positive reactions was surprisingly high. He found 82 -r+ and 22 ++ + 
reactions. Provocation bj"- injection of a concentrated liver extract and adrenalin 
and by violent physical exercise had no appreciable inlluence on the results. 
To explain the great number of positive results, Vesce puts forward the theory 
that a positive reaction indicates a functional disturbance of the reticulo- 
endothelial cells rather than of the liver cells, the former being permanently 
damaged by the malarial infection. This theory is interesting and could per- 
haps be further substantiated by experimental damage to the i-eticulo-endo- 
thelium without involving the liver cell, but the strongly positive reaction in 
cirrhosis of the liver with extensive destruction of the liver parenchyma and, 
on the other hand, a weakly positive reaction ( 4 -) found in a case of reticulo- 
endothelioma (Table I, c) docs not render this concei)tion very probable. 

2. General paralysis of the in.'iane. Angrisani (1937) examined the sera 
of 95 cases of general paralysis of the insane. Fifty-four patients had negative 
reaetions, 3 had +, 2 had +4- reactions. No -.‘- 4 - 4 - reaction was found. The five 
patients with positive reactions all had clinical signs of liver damage, either 
of specific or postmalarial origin. Similar results were obtained by the author 
with van den Bergh’s and with Bengal red te.st. He concludes that liver dam- 
age in general paralysis of the insane, occurs rarely and disputes the observa- 
tions of Cassiano (1935), who found frequently positive results using the orig- 
inal Takata reaction. 

3. Pregnancy. The majority of pregnant women examined by Zambonini 
(1938) had negative reaetions. Among 120 cases of normal pregnancy only 
11 (9 per cent) had a 4- reaction. No 4 - 4 - or 4- + + reactions were found. Eeac- 
tions 4- occurred most frequently during the third and sixth months of pregnancy. 
There was no difference between primiparas and multiparas. Unfortunately, no 
examinations were made in cases of pathologic pregnancy or toxemia. 

4. Skin di.seascs (Eczema). Bronzini (1938) studied the reaction in 100 
cases of different eczematous conditioius. The number of strongly positive 
reaetions is unusually high and throws doubts on his experimental technique. 
Patients with positive tests were also treated for po.ssible liver damage, but 
the author does not state anything about the nature of this treatment. His 
results are included in Table II and are in det.iil in Table IV. If they can be 
confirmed by others, they would represent an important contribution to our 
conception of eczematous conditions. 

5. Lung tuberculosis. Rubino (1938), who examined 200 cases of pulmo- 
nary tuberculosis, compared the results of the test in 36 patients with the 
amino acid curve in the blood after ingestion of glycine, a procedure which is 
used as a liver function test. The author does not give exact figures. He states 
that 30 per cent of his cases had negative i-eaetions, 30 per cent had 4 - and 4- 4- 
reactions, and 40 per cent had 4-4-4- reactions. The latter include “immediate 
and delayed 4 - 4 - 4 - reactions,” but since only an immediate precipitation can 
be regarded as a 4 - 4 - 4- reaction, Rubino ’s classification of results may lie ignored. 
Positive reactions in cases of lung tuberculosis have been found bj' other 
authors but never in such a high percentage of cases. Rubino states that the 
degree of positivity in his series corresponded with the severity of the tuber- 
culous lesion. He, therefore, regards the test as a useful addition to other 
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methods for diagnosing the degree of activity of the tuberculous process. He 
noted that the result of this test and te.st.s of the blood .sedimentation rate were 
usually parallel. This fact has not been observed by other authors. He found, 
however, positive reaction.s with a normal sedimentation late. T.he glycine 
reaction showed disturbed liver function in an unspecified number of case.s, 
but the author’s reaction corresponded with the glycine test in only 50 per cent 
of the eases. Rubino concludes that the reaction furnishes no indication of a 
liver deficiency; he disregards the fact that both tests measure different types 
of liver function. The importance of his observations lies in the close relation- 
.ship he found between positive reactions and the severity of the tuberculous 
lesion and in the demonstration of a damaged liver function in cases of lung 
tuberculosis. Disturbances of protein metabolism in cases of severe tuberculosis 
have been demonstrated earlier; the albumin fraction of the .serum is generally 
diminished; the globulin fraction, and especially fibrinogen, is increased. This 
may well be due to damage to the liver and impairment of its regulation of 
protein metabolism. 


THE CEREBROSPINAL FLUID 

Takata and Ara (1936) applied the original test to the cerebrospinal fluid 
and found it to be positive mainly in cases of syphilis of the nervous system. 
The Takata reaction has, however, not become a routine test for the examina- 
tion of the cerebrospinal fluid because it had no advantages in comparison 
with other protein reactions and the results were not found to be specific for 
syphilis. 

Three authors studied the new modification of the test on the cerebrospinal 
fluid. Zanetti’s paper (1938) “Neurosyphills and Ucko Reaction” was not 
obtainable in this country. 

Ornstein (1937) examined the cerebrospinal fluid of 46 eases of general 
paralysis of the insane, and of 12 cases of tabes and compared the results with 
those of the AYasserniann and ileinicke tests. The cerebrospinal fluid of 22 
patients with negative Wassermann and Meinicke reactions were tested in 
comparison. His results are summarized as follows ; 


number. 

DIAGNOSIS 

1 AVASSERMANN | 

MEINICKE 1 

1 UCKO 

+ 

- 

+ 

i — 

+ 

_ 

46 

General paralysis of the insane 

46 

_ 

46 



46 


12 

Tabes 

8 

4 

8 

4 

8 

4 

22 

Other affections 


22 


22 


22 


These data show a complete correspondence of the three reactions, and Ornstein 
concludes that the test is more Amluable than Meinicke ’s and other reactions 
owing to its simple technique. 


A very important contribution was made by Fleischhacker (1938). This 
author used only one tube, adding the lowest concentration, i.e., 0.1 c.c. of each 
reagent to 1.0 c.c. of cerebrospinal fluid. If the cerebrospinal fluid is free from 
blood and is not contaminated by bacteria, a positive reaction (marked opacity 
or precipitation) appears between forty-five and ninety minutes Fleiseh 
hacker examined 153 eases of treated and nontreated general paralysis of the 
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insane and 24 different nervous and mental disorders and compared the re- 
sults with the reactions of Weielibrodt, Pandy, Lange, and Wassermann. 

In 61 eases of general paralysis of the insane all the reactions were posi- 
tive. In 92 treated eases the results were as follows: 


UCKO 

LAN’GK AND PANDV 

WA.S.SKKMAN.V 

HKKUM — \vakkki:.mann 

+ _ 


+ - 


30 30 

0 !)2 

10 S2 

31 01 


Twenty-four nonsyphilitie eases gave the following reactions: 


DIAGNOSIS 


UCKO 

LANGK 

T — 

I’ANDV 

+ - 

Cerebriil tumor 

*> 


_ O 

— 

Cerebral thrombo.sis 

1 


I 

I 

Disseminated sclerosis 

1 

_ 

1 

1 

Alental deficiency 

3 

3 

0 

0 

Organic disorder ! 

7 

-1 

11 

2 0 

Angioma cerebri 

- 

1 

1 

1 

Posttraumatic psycliosis 

— 

1 

1 

1 

Fracture of skull 

- 

1 

1 

1 


It can be coneluded from the results that the reaction is not specific for syphilis 
but indicates generally abnormal protein conditions in the cerebrospinal fluid. 
Without being hypersensitive the te.st is more sensitive and, therefore, superior 
to Pandy ’s protein reaction usually made in the routine examination of the 
cerebro.spinal fluid. The reaction may .still be obtained — as in the ease of 
treated general paralysis of the insane — when all other findings are apparently 
negative. It would be of interest to test ea.ses of mental di.sorders, since Fleiseh- 
hacker found positive reactions in cases of mental deficiency indicating lesions 
not detectable with the usual methods. 

SUil.U.XKY 

The experience of different authors on approximately 2,500 eases with a 
simple and rapid modification of the Takata reaction is summarized and 
discussed. 

Ninety per cent of patients suffering from liver diseases had positive reac- 
tions Avhile at least 86 per cent of negative reactions were encountered in pa- 
tients suffering from other illnesses. The test which indicates an alteration of 
the serum proteins seems to mea.sure the liver function with regard to protein 
metabolism. Certain nonhepatic diseases frequently, but not always, give posi- 
tive reactions. The problem of whether a positive test in these illnesses means 
a disturbance of the protein-regulating function of the liver or whether it 
occurs independently is discussed. 

The experience of a number of authors Avith the test in eases of general 
paralysis of the insane, pregnancy, skin diseases, and tuberculosis is given 
in detail. 

The reaction, Avhich has also been applied to the cerebrospinal fluid, seems 
to be more sensitive than the routine tests for protein. It Avill, therefore be 
of value in detecting minor alterations of the cerebrospinal fluid in disorders 
of the nervous system. 
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Ti-IE EFFECT OF AECORBJC ACID (VITAMIN C) ON THE 
SENSITIVITY TO SALICYLATES IN A CASE OF KIIEHMATIC FEVER 


Louis Pklnicu, :M.D., Hkookiax, N. V'. 


A SEVERE case of rheumatic fever tliat rapidly became intolerant to 
salicylates was observed recently. The intolerance was manifested by 
a marked ringing in the ears that continued in spite of the reduction of the 
dru^ to a very low and ineffective amount. At about the same time, the occur- 
rence of several severe nosebleeds, as well as a iiosilive tournuiuet test, and a low 
pla-sma ascorbic acid content, su^rttested the use of lary:e amounts of a.scorbic 
acid. The previous diet was analyzed aiul was found to be markctlly deficient 
in vitamin C. Dramatically enouyb, the no.sebleeds and the .severe tinnitus 
ceased after forty-eight hours of vitamin C therapy and di<l not return, al- 
though the salicylates were increased to the initial high level and were con- 
tinued in this manner for ten additional days. 

Some ob.server.s‘ have pointed to a deficiency of vitamin C in acute rheu- 
matic fever. This deficiency may predispose the person to to.vic reactions to 
certain drugs, c.g., in this ca.se .salicylates. In any event, the to.xic reaction 
ceased when vitamin C was given in adequate amounts. 

CA.se UEI'OKT 

P. V., a 15-yc“ur-ol(l iiuile, suddyiily dyvelo|ied a high fever (101° F. 1; rapid pulse rate 
(130), paiu in liotli slioulder.s, and dyspnea. The hoy had no hi.'-tory of any pievious serious 
disease and was in excellent health until the onset of the present illness. The mother is a 
rheumatic cardiac with both mitral and aortic murmurs, and a recent history of an attack 
of myocardial failure. 

Examination of the patient revealed a rough, toand-fro leather-like murmur over the 
base and apex of the cardiac area. There were no signs in the lungs or elsewhere. There 
was no swelling, redness, or limitation of motion in the shoulder joints, or in any other 
joints of the body. The pain in the. shoulder joints was apparently due to a rellex inecha- 
nism. The to-and-fro pericardial friction mb was evanescent, lusting only a few hours. 
The sedimentation time was extremely rapid, twenty minutes for an IS mm. fall. The 
blood count was white blood cells l.o,20U, polymorphonuclear leucocytes So per cent, lymirho- 
cytes 12 per cent, monocytes 3 per cent, hemoglobin Sa jier cent, red blood cells 4,350,000. 
A diagnosis was made of rheumatic carditis. 

Sodium salicylate was started at the rate of 15 grains (1 Gm.) every four hours com- 
bined with 5 grains (0.3 Gm.) of sodium bicarbonate. In addition, 00 grains (4 Gm.) of 
sodium salic 3 date was given bj' rectum once a dav'. On the third da.v of illness and snlio.v- 
late medication, the patient doveloiied a nosebleed and severe ringing of the ears. During 
the next two daj’s the tinnitus continued severeij’ in spite of the reduction of salicj'late 
medication to 15 grains a daj' bj- mouth. The nose bled profuseh- during this time. A 
tourniquet test showed twelve petechiae in a 2.5 cm. circle after liftcen minutes of positive 
pressure. The plasma ascorbic acid content was 0.4 mg. per 100 c.e. (Farmer and Abt- 
method — normal value equals 0.7 nig. per 100 e.e.) It was, therefore, decided to give the 
patient large amounts of vitamin C. In addition, the diet of this patient over the preeediii" 
four weeks was reviewed and was found to be markedh- lacking in foods containing vitamin C 
One hundred milligrams of ascorbic acid were given by mouth three times a day. Within 
forty-eight hours the nosebleed, as well as the ringing in the ears, had ceased. The salicv- 
lates were then stepped up to the former doses without development of tinnitus, or indeed 
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auy other sign of iotoleriiiiue. I’l.e conil)ine.l iiimliculio.. was coiitiiuied for ten days with- 
out any ill effect. Urine e.xaniiiiatioii was entirely negative for signs of reual irritation. 
The patient made an uneventful recovery, with a residual mitral systolic murmur as a 

sequel. 

CO.M.AtKNT 


There is some evidence to show that iti the ^oiinea pi-^, chronic scurvy witli a 
superimposed infection of /3-streptococci produces lesions similar to tho.se found in 
acute rheumatic fever.’’ ^ Scurvy alone does not produce the characteristic 
lesion. Clinically also, the ascorbic acid level of the blood plasma wa.s found 
to be low in a group of patients’ with rheumatic fever. It can easily be shown 
that rheumatic fever is a disease of the poor and undernouri.shed,'’ and also 


that latent scurvy and rheumatic fever occur late in winter and eai’ly in spring, 
during the A'ery same period that vitamin C is le.ss widely available in foods."' 
However, the treatment of rheumatic fever patients with vitamin 0 in ade- 
quate amounts has proved disappointing.® Perla and ilarmorston' believe that 
this does not rule out the connection between vitamin C and rheumatic fever, 
for vitamin C deficiency might enable the streptococcus to gain a foothold in 
these patients. Once this has been attained, vitamin C itself cannot affect the 
pathologic picture or prevent a recurrence. These authors feel that there ex- 
ists some relation.ship between the lower vitamin C content of the blood and 
rheumatic fever, even though the connection has not been ineonti’overtibly 
proved as yet. 

There also appears to be much evidence that an excess of vitamin 0 is a 
prophylactic against the toxic effects of neoarsphenamine and some other 
drugs. Vitamin C has been used with success in the control of reactions of 
certain patients to neoar-sphenaraine. In these person.s, there may have been 
an insufficiency of the vitamin in the diet, and its value may be due to this fact. 
Recently, Marin® observed cases of mercurial and bismuth stomatitis among 
syphilitic patients, and administered ascorbic acid since it was decreased in the 
blood and uxune. The ascorbic acid cured ten eases of this complication. 


In this study the presence of a large amount of vitamin C in a patient Avho 
had a low serum ascorbic acid level, and other emdences of vitamin C deficiency 
appeared to remove the evidence of .salicylate toxicity (marked tinnitus). At 
the same time marked nasal hemorrhages ceased wtihout recourse to packing 
or cauterization. It is suggested by one author that the hemorrhagic manifes- 
tations of rheumatic fever are due to a vitamin C deficiency.’ In the study of 
bismuth and mercury sensitivity cited,® the author stated that "vdtamin C was 
necessary for the metaboli.sm of these .substances in the body; if it was not 
present in sufficient amounts toxicity would .supervene. This may also be true 
in the ease of salicylate sensitivity. This is suggested by the following simple 
e.xperiment ; “ 


KXPERIMEXT 


To a test tube containing 5 drops of 1 per cent methylene blue solution 
in 5 c.c. of water a few cry.stals of a.scorbic acid are added. On heatino- the 
Uibe the blue solution is immediately decolorized and a white solution results 
the methylene blue is apparently reduced by the ascorbic acid To another 
test tube containing 5 drops of 1 per cent methylene blue solution in 5 c c of 
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water, some sodium salicylate crystals are added, and the rcsultint' mixture is 
allowed to stand. Even tliough vitamin C is later added in large ninounts, as 
high as 50 to 100 mg., and the resulting solution i.s heated, no decolorization 
results. The vitamin C has apparently been fixed by the sodium salicylate and 
the methylene blue is not reduced. 

It is possible that in the body sodium .salicylate has an affinity for ascorbic 
acid and binds it, so that less and le.ss is available for other funetioms. How- 
ever, this conclusion cannot be drawn from the foregoing simple experiment. 

Whatever the relationsliip of the lack of a.seorbie acid to the toxicity of 
sodium salicylate, it would .seem to be worth while to .study the iiroblem fur- 
ther, to see whether it is widely applicable. Certainly it can be .said that in 
this case, .saturation of this patient with large amounts of vitamin C (normal 
daily requirement is approximately 50 mg.)’'' enabled the continuation of 
salicylate medication and appeared to have a salutory affect on the nosebleed. 

CO-VCEU-SIONS 

1. A severe ease of rlionmatie carditis became intolerant to sodium salicylate 
early in the cour.se of the illness. 

2. A low plasma ascorbic acid content, positive tourniquet ^test, and severe 
nosebleed suggested the presence of vitamin C deficiency. 

3. The preceding diet of tins patient proved to be deficient in vitamin C. 

4. After tlic vitamin C intake wa.s increa.scd, sodium .salicylate wa.s again 
given in large amounts witli impunity. 
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effect op TRASENTIN A. TRASENTIN^ AXD itOKPHINE 
ON RESPIRATION"^ 


N. Tobolowsky, il.D., Dox.vld Slaughter, M.D., T. U. Johnsox, M.D. 
.AXD R. E. VAX Duzex, iLD., Dallas, Texas 


I T HAS been shown that tvasenfm is antagonistic to the actions of morphine on 
the bladder,^ and recent experimental evidence lias furnished confirmation of 
such action in regard to trasentin A on the isolated ureter." 

As it is possible that trasentin and its chemical allies are capable of inhibit- 
ing certain morphine effects other than on the bladder and ureter, it seemed of 
interest to investigate the relationship of effects on respiration using trasentin, 
ti’asentin A, and morphine m various combinations, ^lorphine and trasentin 
are both used therapeutically in certain combinations, such as ureteral colic. 


PROCEDURE 


In this work, 58 experiments were performed on dogs and 21 on cats. Respi- 
ration was recorded by means of a blunt intrapleural trocar connected to a sensi- 
tive tambour. The details of this simple, but very satisfactory, device are shown 
in Diagram 1. This apparatus may be used on unanesthetized as rveR as on 
anesthetized animals. When used in the former instance, a small amount of 1 
per cent procaine hydrochloride is injected beneath the skin between the fifth 
and sixth interspace in the midaxillary line. A very small incision is then 
made through the sldn with a scalpel, and the trocar is pushed wfith a craniad 
motion geptly, hut firmly, through the intercostal muscles and parietal pleura 
into the pleural cavity. It is very easy to accomplish this procedure without 
puncturing the lung, since the trocar falls into the space between the parietal 
and visceral pleura when resistance of the parietal pleura is overcome. Im- 
mediately upon entering the pleural cavity, re-spiratorj- exeui-sions are recorded, 
provided no air has entered the cavity during the introduction of the trocar. 
To insure the prevention of pneiunothorax, suction is applied to the T-tuhe after 
insertion and before withdrawal of the trocar*. If air entered during the inser- 
tion of the apparatus and is removed by suction, it takes about three to four 
minutes for equilibrium to become established. lYe feel that this method is 
an exc ellent one to record direct respiratory movements, since there are no 
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by-piusses or hiudraners and there is iio la<i in the reeordiin^ ol- all respiratory 
waves. This method also lias the advanlafio of l)ein; 4 - used many times for (he 
same animal, thus making- eaeh animal his own eontrol. 

^Ye at lirst tried without sueeess to slow respiration with iar<i:e doses 
if morphine jjiven .subeutaneously or intravenously in uiianesthetized dogs. 
Finally, we made use of a standard teehnique of anesthetizing the dog with 
26.1 mg. per kilogram of peiitoharhital. As soon as the anesthesia was eom- 
plete, the animal was plaeed on the table and tlie trocar was inserted and 
connected to the tambour. After suitable control respiratory records were 
made, 5 mg. per kilogram of morpliine were injected intravenously. This 
method gave uniform slowing of respiration. 



iRuhlidr- 
'tuLinc^ 

fiin.ck claon 

ilrttlaer- 

-fUbtriQ 



Diagram 1. — .V schematic representation oC the intmpleura! trocar used in the experiments to 

record respiration. 


In a certain number of iieiite experiments blood prc.ssnre :tnd respiration 
were recorded simultaneously. Aiiesthe.sia was induced by pentobarbital, or 
barbital urethane admini.stered iivtraperitoneally. All the cats and a few 
dogs used in this study were so treated. 

As a rule, 6 mg. per kilogram of tra.sentin and 2 mg. per kilogram of 
trasentin A were given intravenously. 

A few experiments were done on blood pressure alone, and the effects of 
trasentin A with and without intact vagi were compiired. 

KE.SIILT.S 

In general, the results indicate that trasentin and trasentin A prevent 
deiiression of respiration by morphine when they are given before, after, or with 
morphine. When the trasentins are given with morphine, they never add to the 
depression of respiration produced by this opiate. 

Pig. 1 illustrates well the effects of trasentin A and moridiine on respiration 
of the dog. As noted on the tracings, these animals ivceived iieutobarhital 
previously. 

Fig. lA shows that 5 mg. per kilogram of moriihine were given intra- 
venously and (usually almost at once) marked depression of respiration ensued 





Fig. 1. — J., This tracing exhibits the effectiveness of trasentin A to counteract the 
depressant effect of morphine on respiration. Both drugs rvere given intravenously. Time 
trace, minutes. Kymograph speed, 15 mm. per minute. 3I.S. = morphine sulfate. T,.\. = 
trasentin A. 

B, This tracing illustrates the ability of trasentin A to prevent the depressant effects on 
respiration by morphine. Both drugs were given intravenously. 

C, This tracing illustrates the failure of atropine not only to prevent but also failure to 
correct depression of respiration by morphine. Both drugs were given intravenous!}-. Time 
trace, minutes. Kymograph speed, 15 mm. per minute. ir.S. =: morphine sulfate. 

D, This tracing presents evidence that when morphine and trasentin A are given to- 
gether the depressant effect.s of morphine on raspiration are reduced. This was a smaller 
dose of trasentin ,V than that usually employed. Both drugs were given intravenously. 

Note that in tracings shown in Fig. 1.1 -Z) there was at first a brief but sharp increase in 
respiration when morphine was administered. 
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following the brief stimulation. (This latter effeet will be eonimented on in the 
discussion.) When 2 mg. per kilogram of trasentin A by intravenous injection 
were then given eight minutes later, the re.spiration returned to an amplitude 
and rate greater than the normal rhythm preceding the injection of morphine. 

I''''ig. IB shows that 2 mg. per kilogram of trasentin A administered intra- 
venously four minutes before 5 mg. iier kilogram of morphine entirely iirevenled 
depression of respiration by morphine. This is a very important liiuling since 
a large percentage of animals died after receiving such a dose of morphine 
alone. When one compares this preventative and corrective action of trasentin 
A with that of atropine, the ditTerence is very striking. Fig. 16' demonstrates 
not only the failure of atropine in a dose of 0.5 mg. ])cr kilogram intravenously 
to prevent the depres.sant effect of morphine on re.spiration, but also its failure 
to correct the depressant effect of this hypnotic as well. As a conseiiueiice, the 
animal died from the elYeets of the morphine. This was the n.snal finding in 
the.se experiments. 



Pip. 2. — Tills tracing illustrates tlie effect of trasentin A on respiration and blood pres- 
.sure. When given intravenou.sly by itself, note the increased amplitude of respiration. The fall 
in blood pressure resembles that of acetylclioline and is present wiiether tlie vagi are present 
or divided. Time trace, minutes. Kymograpli speed, 15 mm. per minute. JI.S. =: morplilne 
sulfate. T.A. =: Trasentin A. 

Pig. ID shows a combination of 5 mg. per kilogram of morphine plus only 
1 mg. per kilogram of trasentin A administered intravenously. Even with this 
small dose of the latter drug, the depressant effect of morphine on the respiration 
lasted only about nine minutes, and thereafter the respiration returned to above 
the normal rhythm when compared with the rate and amplitude before these 
drugs were given. This clearly demonstrates the protective action of trasentin A. 

In other instances large subcutaneous doses of morphine alone were given 
and marked depression of respiration followed. Here, as already noted, tra- 
sentin A corrected the inhibitory effect of the hypnotic. 


TOUOLOW.SKY KT AL. : 
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Fis. 3 A, This tracins illustrates the effect of trasentin in preventing depression of 

respiration by morphine. Note the acetylcholine-like fall of blood pressure produced by tra- 
sentin. Both drugs were given intravenousiy. Time trace, minutes. Kymograph speed, 15 mm. 
per minute. il.S. = morphine sulfate. T. == trasentin. 

B, This tracing presents the constant finding of stimulation of respiration when trasentin 
and morphine are administered intravenously as a single dose. Note that the blood pressure 
did not fall to any greater extent than when trasentin vvas given by itself, as seen in Fig. 3A. 


Results similar to these were obtained in the cat, but the effectiveness of 
trasentin A was not as marked, .since in our hands morphine alone tended to 
stimulate respiration. However, it has been .shomi that large, repeated doses 
of morphine will produce respiratoiy depression in the eat and etddence of the 
abilit}' of trasentin A to prevent this depression has been obtained. 
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Sijiuiltaiieoiis records cil' I)lo(id prcssuix* and z’cs|)iration wci-e made iiiuhr 
peiitobarbifal ancstlicsia (Fiji;. 2). In lliis Iraciii*; 2 jd!;. per kiloj'rani oi! 
trasenlin A li'iven intravenously prodiicezl an :icelylclioline-like fall in blood 
pressin-e. The vafi-i wei-e Oicn <livid<‘d, and (be (i-asenfin A adrninisti'ation 
was repeated. The fall in blood ))re.ssiire was still pre.seiit and of the same 
magnitiKle, and it is seen that the amplitude of respiration is improved. Other 
experiments using do.ses of ati’opine which wotdd [zaralyze (he vagi hel'ore the 
administration of tra.sentin gave similar results. The.se I’esults indicate that 
trasentin A acts Izeyond tlie vagus. 

Effects with trasentin and mor))hine were of a sliglitly different nature (Iian 
with tra.sentin A and morphine, although they jzoinled in the .same direction. 
Pig. 3A shows the effect of 6 mg. [zer kilogram of intravenous trasentin on a dog 
that was anesthetized with pentobarbital. The l)lood pi-c.ssure ciiange is similar 
to that of tra.sentin A, but the fall is not as great. This is of interest, since the 
do.se of trasentin ziscd was three times that of tra.sentin A. As noted in this 
tracing, (he re.s[)iration was s(imula(ed and successive do.ses of 0.5 and 4 mg. 
per kilogram of morphine given intravenously faihal to produce any depre.ssion. 
This result, however, was not as consi.stent as that noted with tra.sentin A. Fig. 
3B illustrates the most signiticant and constazit effect of ti'a.sentin. Here intra- 
venous trasentin and morphine given together always pi'oduced stimulation of 
respiration. In this instance, only 1 mg. per kilogram of morphine plus 6 mg. 
per kilogi'am of tiusentin was u.sed, but the latter do.se izi combination with 
larger doses of morphine (up to 6 mg. per kilogram) gave a similar effect. It 
will be noted that the combination of morphine and ti'asentin, as .seen in Fig. 3Ii, 
gives a fall in blood pre.ssiiie of no greater depth than (he tra.sejitin alone, as 
noted in Fig. 3*-l. 

UI.SCt;.S.SIOX 

These results clearly indicate tiuit trasentin A and tra.sentin when adminis- 
tered before, after, or with morizhine do not add to any depre.ssion of i-es])iration 
caused l)y morphine. This correlates well with the previously described effects 
of the tra.sentin on the activity of the bladder’ and the ureter.- Hence we feel 
that experimental evidence in animals does not indicate that it is dangerous to 
give these drugs to human beings with or following morphine. 

Haloney and TatunF have reported that morphine iuei-ca.ses the effective- 
ne.ss of inhilzitory vagal impulses on respiration in the rabbit. This sugge.sts 
that morphine might depress re.spiratiou at least partly by a central, cholinergic 
action on the vagus. The po.s,sibility that morphine po.sse.sses central cholinez-gic 
actions has been postulated.^ This work concerned potentiation of morphine 
relief of pain by prostigmine. Since this potentiation occurred and since mor- 
phine acts centrally, it was suggested that morphine had a central cholinergic 
effect. That there is a good po.ssibility that central cholinergic transmission 
occurs has been suggested by Adam and others.-’ Since the trasentins are be- 
lieved to be anticholinergic in activity as well as antimyonergie on smooth 
muscle, they may counteract morphine depression of respiration in this fashion. 
It is, of course, possible that the.y may also stimulate the re.spiratory center. 

When one compares the effect ivene.ss of the trasentins on respiration de- 
pressed by morphine, trasentin A (on basis of dosage) is three times as effieient. 
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Simnlt ancons records of blood pressure and respiration were made nnder 
]>ento))arl)ilal aneslliesia (Fi”'. 2). In Hiis traeiiifr 2 nifr. poi’ kilofxi-ain of 
trasentin A "iven intravenonsly produefsl an aeetyleiioline-like fall in Mood 
])ressurc. The va^i were llien divided, and tlie trasentin A administration 
was rejieated. The fall in blood ]n*i>ss\ire was still ])resent and of the same 
magnitude, and it is seen that the ami)litude of )-espiration is improved. Ollier 
experiments using doses of atroiiinc wliieh would paralyze the vagi before the 
administration of trasentin gave similar results. These re.snits indicate tiiat 
tra.sentin A acts beyond the A-agn.s. 

Effects with trasentin and morphine were of a slightly difi'erent nature than 
with trasentin A and morphine, althongli they pointed in the same direction. 
Fig. 3A shows the effect of 6 mg. ])er kilogram of intravenous trasentin on a dog 
that was anesthetized Avith jientobarbital. Tin; blood iiressnre change is similar 
to that of trasentin A, but the fall is not as great. This is of interest, since the 
dose of trasentin used was tlu-ec times that of trasentin A. As noted in this 
tracing, the resinration Avas stimulated and sncc(‘.<sive doses of 0.5 and 4 mg. 
per kilogram of moiphine given intravenously faihsl to produce any depression. 
This result, hoAvever, Avas not as consistent as that noted Avith trasentin A. Fig. 
37i illustrates the mo.st significant and constant effect of trasentin. Here iiitra- 
A-enons trasentin and morphine giA-en together ahvays jirodnced stiimilatioii of 
re.spiration. In this instance, only 1 mg. per kilogram of morphine plus 6 mg. 
per kilogram of trasentin Avas used, hut the latter dose in combination with 
larger doses of morphine (up to G mg. i>er kilogram) gave a similar cfi'ect. It 
Avill bo noted that the combination of morphine and trasentin, as seen in Fig. 371. 
gives a fall in blood prc.ssnre of no greater depth than the tra.scniin alone, as 
noted in Fig. 3A. 

I)I.SOll.S.SION 

These results clearly indicate that trasentin A and trasentin Avhen adminis- 
tered before, after, or Avilh morphine do not add to any dc]n-cssion of re.spiration 
caused by morphine. This correlates AA-ell Avith the jn-eviously described effects 
of the trasentin on the activity of the bladder’ and the ureter.* Hence Ave feel 
that cxpcrbncntal evidence in animals does not indicate that it is dangerous to 
gh’e these drugs to human beings Avith or folloAving morphine. 

Maloney and Tatum'’ Inn-e reiiorted that morphine increases the effective- 
ness of inhibitory Auigal impulses on resjiiration ni the rabbit. This suggests 
that morphine might dc]Aress respiration at least ])artly by a central, cholinergic 
action on the vagus. The possibility that morjdiine possesses central cholinergic 
actions has been po,st\ilated.’ This AA-ork concerned ])otentiation of morphine 
relief of pain by prostigmine. Since this ])olcntiation occurred and since mor- 
phine acts centrally, it aa^is suggested that morphine had a central cholinergic 
effect. That there is a good possibility that central cholinergic transmission 
occurs has been suggested by Adam and others.-"' Since the trasentins are be- 
lieved to be anticholinergic in activity a.s Avell as antimyonergic on smooth 
muscle, they may counteract morphine depression of respiration in this fashion. 
It is, of course, possible that they may also .stimulate the respiratorv center. 

When one compares the effect h’eness of the trasentins on respiration de- 
pressed by morpliine, trasentin A (on basts of dosage) is three times as efficient. 



JtAf.OXKY : 


FUnTHICR STUmiS ON CitX-COlMIYFLINK 


39 


days and 0.4 c.c. for the second period of thirty days; the dogs, 1 e.c. through- 
out the duration of the treatment. Tim methylglueamine was ])repared as a 6.2 
per cent solution, .so that each I'abbit received 12.4 mg. and each dog 62 mg. of 
this salt per dose; the glucophylline was prepared as a 10 per cent solution (in 
the formula the ratio of methylglueamine to theophylline is 1:16 to 1:18), so 
that each rabhit received approximately 10 mg, for thirty days and 20 mg. 
later, and each dog received approximately 50 mg. of each of the two constitu- 
ents in the compound. On the basis of the initial weight the milligram pei 
kilogram dose was then computed for each animal. This figure appeals in the 
respective tables. Injections were all made intraperitoneally once daily. All the 
animals in the two species Averc kept under similar environmental conditions 
and Avere proA'ided at all times Avith an excess of food and Avater. Weights 
Avere recorded at AA'cekly intei'A’als. ith the exception of one control rabbit, 
Avhich died on the tAventy-fourth day of the experimental period, all animals 
lived to the end and AA’ithout exception appeared to maintain normal health 
throughout. The dogs in the glucophylline group (No. 3) Avere definitely more 


Table I 

AA’eioht Chaxges IX Dogs 


GROUP 

AXIJtAL 

DOSE 

TOT.AD 

IXITLAD 

AVEIGHT 

(KG.) 

54 DAA'S 
nXAD 
AVEIGHT 
(KG.) 

% DE- 
CREASE 

1 

AVEIGHT 

DOSS 

(KG.) 

Control (Saline) 

1 

le.c. 

8.3 

7.7 

7 

0.6 


2 

1 C.C. 

11.4 

10.9 

4 

0.5 


3 

1 C.C. 

11.1 

10.1 

9 

1.0 

Methylglueamine 

4 

6 mg./kg. 

10.3 

10.2 1 

1 

0.1 

hydrochloride 

3 

6.Tmg./kg. 

9.2 

8.0 

13 j 

1.2 


6 

o.img.Ag. 

11.5 

9.9 

14 1 

1.6 

Glucophylline 

7 

10.8 mg./kg. 

9,2 

6.9.3 

25 

2.3 


S 

10.1 mg.Ag. 

9.9 

9.6 

3 

0.3 


9 

10.3 mg./kg. 

9.8 

9.1 

7 

0.7 


aetii'e and lively than the others. It is of interest to note that the animal care- 
taker, Avho had no knoAvledge of AA'hat the animals being injected AA'ere reeeiA'- 
ing, Amlunteered the obserAmtion that the group of rabbits AA^hich Ave Avere 
treating A\dth glucophylline ate more food and drank more Avater than those 


making up the other group; and that the amount of feces and urine Avoided by 
these animals Avas considerably greater. Reference to Table II reA’eals a 
fairly uniform average percentage of AA^eight gains for the seA'eral groups both 
from the initial doses and after the doses Avere doubled. In the first series the 
order of percentage increases for the thirty-day period Avas: no medication, 
47; physiologic saline, 59; methylglueamine, 49.5; glucophylline, 49. By the 
end of the first thirty days, then, the animals in all groups had made sub- 
stantial Aveight gains, some of them better than 50 per cent. This, no doubt, 
accounts for the gradual tapering off of Aveight increases during the second 
phase of the experiment Avhen the doses were doubled. Most of the animals had 
already reached maturity, after which weight increase AA-as due primarily to 
deposition of fat and only secondarily to actual body growth. The total groun 
average percentage gains were; no medication, 136; saline, 150- methvi 
glueamine, 139 ; and glucophylline, 128. ’ 
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FURTHER STUDIES ON GLUCOPHYLEINU® 


A, H. ]\rAi.0Ni;v, Pii.D., :\r.D., Wasiiin-cton-, D. C. 


I N A PREVIOUS report on the tliurelie activity of irhicopltyllinc by ^Maloney, 
Burton, and Rotiinson,' in which expcriniental data were presented regard- 
ing the action of tliis douldo salt of tlioopliylHne atid methylghicamine, a 
xanthine compound oxliibiting the very desirable jiroperties of high diuretic 
efficiency with long duration of action, it was indicated that our .study was 
being continued with the object of determining “wliether glncophyllinc exerts 
an.y untoward effiects on the liver or kidney.” 'J'he present report sets forth 
the.se and other pertinent re.sults obtained from this investigation. The study 
was conducted in three parts, viz., the effect on (1) weight, (2) blood, and (3) 
vital organs. Full-grown dogs and immature rabbits were employed. 

1. AVeight. A. Dogs: Nine full-grown dogs, ranging in weight from 8.2 
to 11.5 kg., were divided into groups of three and treated with physiologic 
saline (controls), methylglucaminc, and glucophylline, respectively. All the 
animals lost Aveight during the cour.se of the fifty-four days of the experi- 
mental period. The percentage loss in each group Avas 6.7, 9.3, and 11.6 in the 
order named. AVe do not thhik the medieaments played any significant role. 
The determinants here AA'cre probably the neAV diet and the nnaccn.stomed arti- 
ficial eimronment of the kennels (see Table I). 

B. Rabbits: Thirty-six female rabbits, ranging in Aveight from 0.8 to 1.7 
kg., Avere employed. These Avere diA-ided into three groups of tAvclve. Half 
of the animals in group 1 received no treatment Avhatever, Avhile the other 
half received normal physiologic saline. These Avere used as tAvo sets of con- 
trols. Those in groups 2 and 3 reeeh’-ed inethylglueamine and glucophylline, 
respectively. For couA'enience, all animals received equal volumes of the sub- 
stances injected: the rabbits received 0.2 e.e. for the first period of thirty 

•From the Department of Pharmacolosy, Howard University Sclmol of Jledicinc, AA'.n.sli- 
in^rton, "Dm C. * 
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daj's and O.-i c.e. for the second period of thirty days; tlie dogs, 1 c.c. through- 
out the duration of the treatment. The methylglueaniine was prepared as a 6.2 
per cent solution, so that each rabbit received 32.4 mg. and eacli dog 62 mg. of 
this salt i)er dose; the glueophylline was prcpai’od as a 30 per cent solution (in 
the formula the ratio of methylglueamine to theophylline is 3 ;16 to 1:18), so 
that each rabbit received approximately 10 mg. for thirty days and 20 mg. 
later, and each dog received approximately 50 mg. of each of the two constitu- 
ents in the compound. On the basis of the initial Aveight the. milligram pei 
kilogram dose was then computed for each animal. This figure appeai-s in the 
respective tables. Injections were all made intraperitoncally once daily. All the 
animals iji the two .species were kept under similar environmental conditions 
and were provided at all times Avith an excess of food and water. eights 
Avere recorded at AA'eekly inter\’als. ith the exception of one control rabbit, 
Avhich died on the tAventy-fourth day of the experimental period, all animals 
lived to the end and AA-ithout exception appeared to maintain normal health 
throughout. The dogs in the glueophylline group (No. 3) AA'ere definitely more 


Tabi.e I 

AA'eight CiiAXCES IX Dogs 


GROUP 

AXIMAL 

DOSE 

TOTAL 

IXITLAL 

AVEIGHT 

(KG.) 

54 DAYS 
FIXAL 

aveight 

(KO.) 

% DE- 
CREASE 

1 

WEIGHT 

LOSS 

(KG.) 

Coatiol (Saline) 

1 

1 C.C. 

8.3 

7.7 

7 

0.6 


2 

Ic.c. 

11.4 

10.9 

4 

0.5 


3 

Ic.c. 

11.1 

10.1 

9 

1.0 

Methylglueamine 

4 

6 rag./kg. 

10.3 

10.2 

1 

0.1 

hydrochloride 

5 

C.7 mg.Ag- 

9.2 

8.0 

13 

1.2 


G 

5.4 mg.Ag. 

11.5 

9.9 

14 

1.6 

Glueophylline 

7 

10.8 mg.Ag. 

9.2 

6.93 

25 

2.3 


8 

10.1 mg.Ag. 

9.9 

9.6 

3 

0.3 


9 

10.3 mg.Ag. 

9.8 

9.1 

7 

0.7 


active and Ih^ely than the othei-s. It is of interest to note that the animal care- 
taker, who had no knoAvledge of Avhat the animals being injected Avere receiv- 
ing, A'ohmteered the obserA'ation that the group of rabbits Avhich avc Avere 
treating Avith glueophylline ate more food and drank more Avater than those 
making up the other group; and that the amormt of feces and urine A'oided by 
these animals Avas considerably greater. Reference to Table II reveals a 


fairly uniform average percentage of Aveight gains for the several groups both 
from the initial doses and after the doses Avere doubled. In the first series the 
order of percentage increases for the thirty-day period Avas : no medication, 
47; phj-siologic saline, 59; methylglueamine, 49.5; glueophylline, 49. By the 
end of the first thirty days, then, the animals in all groups had made sub- 
stantial Aveight gains, some of them better than 50 per cent. This, no doubt, 
accounts for the gradual tapei-ing oif of Aveight increases duiing the second 
phase of the experiment Avhen the doses Avere doubled. Most of the animals had 
already reached maturity, after Avhich weight increase was due primarily to 
deposition of fat and only secondarily to actual bodv growth. The total >^ronv 
average percentage gains were: no medication, 136; saline, 150- methyl 
glucamine, 139 ; and glueophylline, 128. 
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THE .rOHEXAI. Of l.AIiOKATORy AND CrAXICAE MKDICIXE 


Taiim: n 

WKKilll’ ClIAXOKS IK UaIIIUTK 


(iKour 

ANI- 

MAL 

DOSK 

TOTAL 

INITIAL 

M'KIOHT 

(KO.) 

WEIGHT 
IK 30 
DAV.S 
(KO.) 

IN' 

CliKASK 

DO.^K 

TOTAL 

M'KKiHT 

ON 

KINAL 

LAY 

(KO.) 

TOTAL 

JK- 

CEEASE 

WEIGHT 

(KG.) 

TOTAL 

7r 

IN- 

CKLASK 

Control (a) Ko 

1 

0 

o.ss 

Died 






nioilication 

o 

0 

0.9.3 

l.Sl 

95 

0 

2.80 

1.94 

179 


n 

0 

0.9.8 

1.71 

78 

0 

2.01 

l.lil 

108 


n 

0 

0.9,8 

1.00 

05 

0 

2.02 

1.04 

107 


HI 

0 

1.05 

1.00 

in 

0 

2.59 

1..54 

140 


0 

0 

1.2:: 

1.0.8 

-12 

0 

2.20 

0.97 

SO 

(b) IMiy.ciologic 

1 

0.2 e.e. 

1.2.3 

1.82 

49 

0.4 e.e. 

2.00 


112 

saline 

tl 

0.2 I'.e. 

1.1.8 

1.84 


0.4 e.e. 

■OR in 


110 


!) 

0.2 c.c. 

1.15 

1.70 


0.4 e.e. 

Bwfl 

1.42 

12.3 


•1 

0.2 e.e. 

1.05 

1.75 


0.4 e.e. 

BORIB 

1.55 

14 7 


5 

0.2 e.e. 

0.95 

I. .58 


0.4 e.e. 

B961B 

1.87 

197 


0 

0.2 e.e. 

O.SO 

1.32 

H!9 

0.4 e.e. 

2.48 

1.08 

209 

Methylulncamine 


ni<r./l:'r. 




mfi./k". 




liydrocliloriile 

1 

8..‘1 

1.50 

2.08 

.39 

11.0 

.3 

1.72 

115 


«1 

S.4 

1.48 

2.27 

T)* 

10.8 

2.50 

1.02 

70 


;i 

9.0 

1.38 

2.02 

47 

12.3 

2.00 

1 ^2 

89 


4 

lO.Ci 

1.18 

1.35 

15 

17.7 

2.70 

1.53 

130 


.) 

lO.S 

1.15 

1.79 


1.3.9 

2.74 

1.59 

140 


f) 

11.0 

1.1.3 

1.10 


21.0 

2.30 

1.24 

no 



11.5 

l.OS 

1.33 


19.1 

2.33 

1.20 

no 


S 

ll.S 

1.05 

■li« 

52 

15.5 

2.43 

1..38 

130 


9 

12.1 

1.03 

■iin 

40 

10.5 


0.89 

81 


10 

12.7 

0.9S 

■ieB 

00 

15.5 

.3.10 

2.19 

00^*5 


11 

M.l 

0.95 

1.54 

02 

10.4 

2.57 

1.02 

170 


12 

15.5 

O.SO 

1.82 

137 

1.3.8 

.3.20 

2.40 

300 

Glueophylline 

1 

11.5 

1.75 

O O.] 

21 

17.9 

3.50 

l.Sl 

103 


BB 

12.5 

1.00 

2.34 

45 

17.1 

mm 

1.05 

103 


Bn 

14.*) 

■rJh 


45 

19.5 


1.02 

100 


BB 

14.3 


♦> l‘_> 

50 

1.8.9 

3.24 

].,84 

132 


Bl 

10.1 


1.95 

.it 

20.5 

2.95 

1.71 

137 


Bn 

10.7 

1 .20 

1.90 

03 

20.4 

2.()7 

1.47 

121 


7 

10.7 

1.20 

1..S2 

50 

21.9 

2.70 

1.50 

130 


s 

10.7 

1.20 

1.02 

35 

24.9 

2.05 

1.45 

120 


9 

17.4 

1.15 

1.02 

42 

24.9 

2.49 

1.34 

no 


10 

1.S.2 

l.IO 

1.58 

44 

25.0 

2.79 

1.09 

15.3 


11 

1S.2 

1.10 

1.78 

02 

•>o o 

2.93 

l.,S3 

100 


12 

20.0 

1.00 

1.73 

7.3 

2.3.T 

2.52 

1.52 

150 


Table HI 

Composite Blood Values oe Dogs akd Babbits 


ANIMAL 

VALUES 

n.B.c. 

JIIL- 

MMLC- 

Tiior- 

DIFFERENTIAL DERCKNTACJE 

iin. 

N.P.N. 

7r 

(t:eat- 

ININE 

7c 

NUM- 
BER or 

SAM- 




NEUT. 

LYMPH. 

MONO. 

EOS. 

HASOPII. 



PLINGS 

Dog: 

7.2 

n.s 

09 

20 

0 

5 

0.7 

77 

.30.8 

1.5 

7 

‘ ‘ Normal 
values ’ 












Saline 

5.5 

0.7 

71 

25 

4 

4 

0 

in 

32.4 

1.4 

21 

Al-glucamine 

5.3 

.8.5 

70 

20 

6 

0 

0 

109 

20.1 

1.3 

21 

Glucopliyllino 

5.4 

10.0 

77 

21 

O 

0 

0 

103 

28.9 

1.5 

20 

Babbit: 

5.(i 

7.9 

43 

42 

9 

2 

4.0 

95 

31.0 

1.1 


‘ ‘ Normal 
values”* 












No medication 

6.3 

7.5 

17 

66 

3 

13 

1 

100 

30.7 

1.0 

11 

Saline 

5.9 

6.7 

15 

00 

4 

21 

0 

102 

4G.9 

2.0 

12 

M-glucamine 

0.5 

8.1 

10 

68.5 

5”^ 

10 

0.5 

104 

38.1 

2.0 

20 

Glueophylline 

5.0 

7.4 

22 

03.0 

4 

11 

0 

99 

39.5 

2.0 

20 


^ •‘■Normal values” of blood (count and chemistry) reported above are taken from Tables 
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2. Blood: Studies on Idood chaiifrcs included (1) erytlirocytcs. (2) wliite 
Wood cells, (3) differential, (4) nonprotcin nitrogen, and (5) creatinine. One 
complete rveekly determinatioi\ was made on each dog during the fiiiy-fouv 
days o£ the experimental pcidod. In the ease of the vahhits there n as one com- 
plete weekly determination on each of eight animals, two within each group, 
the last being made at the time of di.spo.sition of the animal for liistologic pui- 
poses. As with the dogs, the figures appearing in Table III represent the com- 
posite averages within each group. Included also in this table, for purposes 
of comparison, are figures of normal blood values for dogs and rabbits.' 

3. Histologic: Tissues fixed in 10 per cent formalin were prepared for 
miero.scopic study from both set.s of animals. Tlic dogs were all di.s250.sed of 
on their last experimental day (the fifty-fourth) ; the rabbits were disposed in 
series of twos at ten-da}' intervals, beginning with the end of the first experi- 
mental period on the thirtieth day. Thus, uliereas the fir.st group that wei'C 
treated had receir'ed a single daily dose for thirty days, the second, third 
and fourth groups received this, followed afterward by a double dose daily 
at intervals of ten, twenty, and thirty days, respectively. Although these 
animals were exposed to unecpial quantities of the drugs over vaiy'ing pei’iods 
of time, no appreciable differences could be demonstrated in the tissues studied. 
Pulmonarj' hemorrhages, demonstrable in most samples studied, were due to 
ante-mortem traumatic injury. Samples of brain, lung, heart, liver, kidney, 
and spleen w'ere examined (see Table lY). 

From these studies it is apparent that glueophylline neither di.sturbs the 
growth nor checks the normal increase in the weight of immature rabbifis. 
Furthermore, with respect to both dogs and rabbits no noticeable difference 
could be observed in the general appeaimnee of treated and untreated animals 
regarding health and general state of nutrition. In these respects all the group.s 
exhibited the same general condition of health. The miero.scopic study revealed 
the presence of cloudy swelling as a rather constant finding in samples taken 
from both dogs and rabbits. This finding was quite as eonspicuous in the 
tissues of animals used as controls, as it rvas in those of animals treated with 
methylglueamine and glueophylline. The blood samples taken from our rabbits 
showed an inordinately high differential eosirrophilic count. This phenomenon 
is a matter of not uncommon occurrence in the blood of laboratory animals. It 
is very probable that the.se cells, or many of them, rvere pseudo-eosinophiles or 
emphophiles. Referring to this type of cell. YTagoner and Cirster® make the 
observation that “the analogue of the human neutrophile varies only in that 
the granules are larger than neutrophilic granules and take the acid stain by 
preference, although there is a slight affinity for the basic dye.” Since this 
eosinophilic condition was uniformly present in each group, treated as well as 
untreated, we felt that we were dealing with eases of pseudo-eosinophilia and 
that these findings, therefore, were probably of no pathologic significance 
Indeed, many a laboratory animal that appears to he normal ami healthy in 
every respect has been found to exhibit visceral lesions exposed l)y the micro 
s^(^if not grossly visible at aut«])sy. In the eonr.se of the.se studies one of 


•Taken from nf:ure.<; conipiled bv AVarnnor anrl riiefe.- ..r, i ... 
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Tabia: tv 

Tissue Ciian-ges ix Dogs and liAiiniTS 


SPEC. AXlMATi i BRAIK j I.UKG | lIKAltT \ lAVEU | KIDXFA' \ Sl-l.EEN 


A. P/it/sioloflio SaU fsohition 


10, Dog 2 

;No change 

1 

No clmnge 

Slight 

cloudy 

snelling 

Slight 

cloudy 

swelling 

Slight 

cloudy 

swelling 

Slight pig- 
mentation. 
Slight in- 
creased cel- 
hilarity in 
pulp 

15. Rabbit A--1 

Ko change j 

Ilyporouiiii, 
small focal 
hemor- 
rhages 

l-’oeal areas 
of necrosis 
with con- 
siderable 
inflamma- 
tory re:ie.- 
tion 

Cloudy 

swelling 

Degenera- 
tion of tu- 
bular epi- 
thelium, 
especially 
in convo- 
luted tu- 
bules 

Slight hy- 
perplasia 

17. Rnl)bit A-:i 

Ko chango 

Slight hem- 
orrhages 

Dloudy 
j swelling 

Slight 
j cloudy 

1 swelling 

Hyperemia; 

, cloudy 

1 swelling 

Marked hy- 
, poromia 

1 


IS. ilrthytfilucnminr 


7. Dog 4 

No change 

No change 

Cloudy 

swelling 

Marked 

cloudy 

swelling 


Hj'pori>lasi!i 

S. Dog 5 

No cliangc 

DHTuse hem- 
orrhages 
throughout 

No ehnnge.s 

Cloudy 

swelling 

Cloudy 
swelling, 
marked in 
some 
tubules: 
necrosis 
in some 
tubules 

Hypori)lasi!i 

11. Rabbit B-1 


DifTu.^e 
hemor- 
rhages into 
alveoli, 
bronchi, 
and inter- 
stitial tis- 
sue 

Marked hy- 
I>eremia ’; 
cloudy 
swelling 

Cloudy 

swelling 

Hyperemia; 

cloudy 

swelling 


19. Rabbit B-8 

No change 

Small hem- 
orrhages 

Cloudy 

swelling 

Cloudy 
swelling; 
increase in 
periportal 
connective 
tissue 

Marked hy- 
peremia; 
cloud 3 - 
swelling 

Hyperemia 

13. R.abbit B-12 

Slight thicU- 

ening of 
meninges. 
Focal hem- 
orrhage — 
focal area 
of soften- 
ing with 
cellular re- 
action 

Small hem- 
orrhages; 
arterio- 
sclerosis 

Multijdc 

hemor- 

rhages; 

cloudy 

swelling 

Cloudy 

swelling 

Cloudj’ 
swelling. 
Deucoc.vtic 
infiltration 
in inter- 
stitial tis- 
sue of cor- 
tex. Ilv'per- 
cmia 

Hyperemia 

5. Rabbit B-3 

No change 

Hj'pereraia ; 
arterio- 
sclerosis 

Small hem- 
orrhages. 
Slight in- 
crease in 
perivascu- 
lar connec- 
tive tissvie 

Cloudy 
swelling; 
passive hy- 
peremia : 
maybe 
some fat 

Cloudj' 

swelling 

Slight hy- 
perplasia 
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Table IV— Cokt’d 

SPEC. AKlMAl/r ' BRMK 1 LUN'G ^I DEART I LI YEU j KTOKrA' " j ~ _ SPI.r ^ 


C. Ghicophylline 


9. Dog 9 J 

yo change 

llemor- i 

rliagcs in 
focal areas, 
cells tvith 
vacuolated 
cytoplasm 
in inter- 
stitial tis- 
sue. Sug- 
gest fat, 
slight 
fibrosis 

Cloudy 

stvclling 

Cloudy 

swelling 

Cloudy 

swelling 

1 

1 

1 

Ko change 

1 

12.hahl)jt C-7 

1 

HtTercmia; ' 
infiltration 
of small 
and large 
monocytes 
in meninges 

Small gran- 
uloma 

Slight 

cloudy 

swelling 

1 

Cloudy 

swelling 

Cloudy 
swelling; i 
hyperemia ; 
arterioscle- 
rosis of 
small 
arteries 

Slight hy- 
perplasia 

U. Babbit C-2 


Diffuse hem- 
orrhages 


Cloudy 

swelling 

Ko change 

Hj'perplasia 

18. Babbit C-5 

Ko cliangc 

Hj-peremia, 
fen- small 
hemor- 
rhages 

Cloudj- 
swelling; 
small hem- 
orrhages 

Cloudy 

swelling 

Marked 
cloudy 
swelling; 
hyaline 
casts in 
collecting 
tubules 

Slight h5'- 
perplasia 


the female dogs in our kennels gave birth to a litter of six pups. On the day 
after birth we began giving daily in.iections of glucophylline to three of these 
pups, using the other three a.s controls. No significant differences have been 
noticed, and at the end of thirty days the relative indimdual weights have 
shown uniform increases. 


SUMMARY 


Laboratory studies on dogs and rabbits treated u-ith methylglueamine and 
glucophylline revealed ; 

1. Growth of immature rabbits is not disturbed. These animals made in- 
creases in size and weight commensurate with normal controls. 

2. The dogs, treated and controls, all lost weight — a condition due prob- 
ably to food and housing restraint. 

3. Histologic study of brain, heart, lung, spleen, kidney, and liver of both 
dogs and rabbits showed no harmful effects that might be attributed to 
the drug. 

4. Significant figures setting forth results are appropriately tabulated. 


to express thanks to Dr. Rohert S. Jason and Dr. Bernard KapilofE for personal 
as.si.stance. and, to the Abbott Laboratories for providing the drugs used in the.se experiments. 
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CAKCINOJIA OF STOJrACIl DFVF1.0I’]N(! TX PEFNICJOUS ANEJIIA® 


IjKwis JI. Biiox.sTKix, il.D., Xi:w Vokk. N. Y. 


T he c-oinbiii;i1ioii of pcniieimis miotnin aiifl wirr'inoiiia of iJie .stojiiacb in one 
patient tends to ronse our e.uriosity as to the ])Ossii)Ie relationsliip between 
the two diseases. Tliis incjuisitiveiie.ss l)eeonie.s more marked wlien one treats 
a patient, for pernicious anemia and years later finds that that person has a 
carcinoma of tlie stomach. !Many que.stions and po.s.sil)ilities arise. The fol- 
lowing ca.se is being ro])orted as one that rai.ses the discussion again. It is that 
of a patient who was treated for jiernicious anemia for foin- and one-half year.s, 
at the end of which time an extensive carcinoma of the stomach was found. 
Table I shows the results of the various blood studies that were done during 
his course of treatments. 

T. K.. a Ji5-year-oI<t Greek lu.ale, nii unemployed kitelien helper, \V!i.« admitted to the 
surgical service on .Tan. IP, tOaCi. with a history of n mass in the right scrotum for some 
time. This suddenly hecamo largo tind paitiful. 

E.xaraination revealed ti tender scrotal nmss, 7 hy <> hy ." inches, wiiich transillumi- 
nated light and was moderately tender. There was discoloration of the distal third, the 
color being ditl'crent from the remainder of the scrotum, suggesting to the surgeon that 
something recent had happened to it. -■Mthough the piitient a])poarcd pale, with a ques- 
tionable lemon-yellow tint to the skin, immediiile operation was decided upon. This was 
done under local anesthesia and a hydrocele with old iind recent hemorrhages was found. 
The surgical condition cleared uneventfully. 

The medical service then took over. The Mood studies revealed a hyperchromic 
macrocytic anemia, Jis can be seen from the ligures in the lirst line in Ttible I. The platelet 
count was normal. The red blood cell fragility lest showed a slight increase in resistance, 
the figures ranging from O.-lfi per cent sodium chloride to 0.2S per cent. The icteric index 
was 1.0. The sternal bone marrow was studied by Dr. Xathan Eosenthal, hematologist at 
the Sit. .Sinai Ho.spital, who stated that the ease was one of pernicious anemia. The 
Wassermnnn reaction was negative. 

The g.astric contents had no free hydrochloric acid on two occasions, histamine being 
used as a stimulant both times. They were of a heavy and mucoid character, with a total 
acid ranging from 7 to 12. Ko lactic acid was fo-ind. The benzidine tost for blood was 
slightly positive on one occasion, but this was felt to be due to the trauma of passing the 
large stomach tube. Traces of urobilinogen were found in the urine. .Stool e.vamination 
did not show any occult blood, ova, or perasites. 

The patient was treated with parenteral liver extract and a reticulocyte response of 
12 per cent was obtained on the fifth to sixth day. It had varied from 0 to 1 per cent be- 
fore the onset of treatment. A steady rise in the hemoglobin and red blood cell count took 
place. On discharge from the hospital on Feb. 20, 1.0.30, the red cell count was 3,000,000 
and the hemoglobin was iiS.S ])er cent. The cell volume index had droiiped from 1.3-t to 
0.92. The icteric index had also dropped to 5.5 units. 

PirectoF’”'” Medical Service. Beckman Ho.spital. Xew Yoric City. Dr. .Vrtliur II. Torr.\-. .If.. 
Received for publication. May 9, 1942. 
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Diiriiig Iji.s iniim'roiis visits to ilic clinic tlifliciiltics wore oiicoiintorod in tiyiiif; to };ot 
cooperution, but tliose were inainly due to liuiRuafic dilTeronees. Ho was niven birvcobly, 
wceWy, and luontlily iu.icetious for the next four years, dependint; on (ho iud};iiien( of (lie 
physician who saw him in the lucdieal clinic. 


TAni.v, 1 


D.ITE 

XUMBEK 

1 OF RED 
BLOOD COR- 
PUSCLES 

1 

PERCEN’T- 
1 AGE HRMO- 
1 GLOBIN’ 

COI.OU 

I.VDK-V 

MEAN' 

CORPUSCULAR 

VOLUME 

1 

MRAX cor.- 

I’USCUI.AU 

IlEMOGl.omX 

.MEAN' COE- 
rUSCULAK 
IIEMOOT.OBIK 

COXCEX- 

TUATIOK 

1/14/36 

0.94 

28 

1.45 

143 

33.2 

37.0 

7/17/36 

3.03 

06 ] 

1.08 

120 

36.7 

30.4 

11/12/37 

4.SS 

104 

1.00 

110.6 

30.2 

32.9 

2/14/38 

4.18 

94 

1.12 

110 

•37.S 

34.3 

6/24/38 ' 

3.9S- 

88 

1.10 

110.8 

37.0 

33.7 

9/30/38 

4.92 

97 

0.98 

109.7 

33.5 

30.3 

1/14/39 

4.3S 

85 

0.97 

120 

33 

26 

4/17/39 

4.9 

83 

0.96 

83 

29 

35 

1/19/40 

4.4 

68 

0.77 

84 

20 

31 


A neurologic examination was ordered as a routine procedure on Jan. 12, 1937, and 
the following findings were recorded: There was a loss of (he pupillary light reflex. The 
biceps and triceps reflexes were diminished. There was a questionable diminution in 
vibratory sense along the shin bones and toes. A diagnosis of spinal cord disease, prob- 
ably due to pernicious anemia, was made. However, a spinal fluid 'Wasserroann was re- 
quested in order to rule out tabes dorsalis. This was done on Feb. 17, 1937, and the fluid 
showed a negative AVassermann and a normal colloidal gold curve. On Oct. 11, 1938, one 
and one-half years later, another neurologic e.xamination was performed to determine the 
progress of the case, since liver extract had been given in the interim. This showed the 
pupils to react slightly to light. The biceps and triceps reflexes were still diminished. 
General sensory examination was negative. The conclusion was that there was probablv 
no spinal cord disease. 

The patient never had any complaints during his visits to the out-patient department. 
He suffered from tlie usual vicissitudes of existence in a slum, such as difiiculty in obtaining 
extra food allowances. He was bitten by a dog in October, 1937, for which he was treated 
m the surgical out-patient department. In 1938 and 1939 he had all his upper teeth ex- 
tracted and had to wait long for an upper dental plate. The plate proved to be a poor 
resmvatmu and numerous repairs had to be made. During this period he had difficulty in 
eating a full diet and he lost some weight. His weiglit dropped from an average of 127i/> 
pounds to 122%. However, in late 1939 and early 1940 his weight returned to its original 


In a two-week period in June, 1940, his weight dropped to 112 pounds, the lowest it 
ad ever been. He was, therefore, watched closely, and by July his weight had decreased 

in ti. '■“‘sue epiga-stric complaints were elicited by the physician 

the medical clinic. In the gastrointestinal clinic lie told the physician that he had had 

nfficatrr T" stomach was ordered, and it 

curvature 

we;i.l,f admission to the hospital but he later consented to enter. The 

pallor ilfwooTsTn" e-'^amination showed only emaciation and 

^SS^onO n 1 r r as seen by a red blood cell count of 

acid to L r f per cent. A gastric analysis showed the free bydroeWoriJ 

I.™ le 

an eye on him since he refused to return to the out-natient do ' department kept 

^vas admitted to Bellevue Hospital on Dec. 2, and died on Dec iCS. 
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TIIIC JOURNAL OK LABORATORY AND CIJNICAL MLDICINIC 


AUTOI'SY IMtOTOCOL 

Tlie autopsy protocol was fiirnisliccl fhroiif'h the Iviiuliicss and cooiieratioa of ])r. 
Douglas Syniiucrs, Director of Pathology, Helleviie Hospital: 

The exaiuiiiatioH of the gaatroiutostinul tract reveals the lower one-third of the esoph- 
agus to be infiltrated with tumor tissue. The lumen is not constricted. The tumor tissue 
invades the mucosa and the underlying tissue of the esophageal wall. This tumor mass 
extends by direct continuity with the tumor growth .seen in the stomach. 'J'here is no dis- 
tention of the esophagus above the tumor .site. The stomach is constricted in its midpor- 
tion, resembling an “hourglass.” On opening the stomach the lumen is found to contain 
a large amount of clotted blood. There is seen an ulcerating and fungating tumor mass 
which extends from the greater curvature over the entire posterior surface and around to 
the lesser margin of the stomach, leaving the anterior surface of the stomach free of tumor 
tissue. 

Microscopic examination of the stomach tissue showed one part of the section to lie 
replaced completely by tumor tissue. This tumor tissue c.xtcnds from the mucosa, invades 
the underlying submucosa, muscularis, and sero.sa. Only small remnants of the afore- 
mentioned tissue are present. The tumor cells assume, for the most part, no set arrange- 
ment. Some, however, tend to assume a jmpillnry form, and others, an acinar formation. 
The cells have no definite shape. They are fairly large cells with scant amount of eosino- 
philic cytoplasm and a large central oval vesicular nucleus with large nucleoli. Jfany 
mitotic figures are scon. Some of the tumor tissue has undergone necrosis. 

The tail of the pancreas was found to be invaded for a short distance by the stomach 
tumor. Aletastatic nodules were found in the liver, left adrenal, and surrounding lymph 
nodes. ^Microscopic examination showed this tissue to be similar to that in the stomaeh. 
No tumor celhs are noted in the bone marrow. The different blood cells are present in 
their normal numbers. 

The final diagno.sis was as follows: Carcinoma of the gjistrointesliniil tract; 
fungating and ulcerating carcinoma of the stomacli with hourglass cotistric- 
tion and hemorrhage into the lumen; extension into liver, ])ancreas, and esoph- 
agus; and metastases to mesenteric lymph node.s, liver, and left adrenal; mod- 
erate coronary atherosclerosis; mild atherosclero.sis of the aorta ; focal adhesive 
pleuritis; mild congestion of the liver; and general emaciation. 

D1SCU.SSION 

This case raised sever.il interesting fjucstions. One was whether or not 
this patient had had carcinoma of the stomach at the original discovei'y of his 
hyperchromic macrocytic anemia. The anemia was discovered accidentally 
when he was admitted to the ho.spital for a hemorrhage into a hydrocele. He 
had no complaints I'cferable to his gastrointestinal tract. The only discon- 
certing fact was that he did not have an atrophic tongue. However, the A’ari- 
ous factors in the blood examination, .such as color index, mean corpuscular 
volume, mean corpuscular hemoglobin, and bone marrow smears seemed to 
point to a diagno.sis of pernicious anemia. The achlorhydria was a confirming 
factor, as were also the icteric index of .15 units and the response to liver treat- 
ment. The absence of occult blood in the .stool at his first examination made 
us believe that there was no point in doing an x-ray of the gastrointestinal 
tract merely as a routine. This point, of course, cannot be settled in this 
patient. The type of carcinoma that was found, namely, a fungating, adeno- 
carcinoma in the fundus of the stomach in the greater curvature side, has been 
called the “silent type” because it does not produce symptoms till very late 
in the course of the disease. It is still possible, therefore, that it might have 
been present all the time. 
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Some patients have been reported in the literature in vhoin gastric com- 
plaints have appeared during the course of pernicious anemia and in whom 
gastrointestinal x-rays were reported as showing no pathology. Subsequently, 
these patients developed carcinomas in various portions of the stomach. Conner 
and Birkeland* reported three such patients in whom carcinomas were found, 
respectively, in the esophagus and cardia of the stomaeh, in the pylorus, and 
in an unstated site in the third patient. :Mil!er- reported two patients in whom 
carcinomas were found in the pylorus and in the middle portion of the greater 





Fig. 1. 


and lesser curvatures of the stomaeh. Of the seven patients reported bv 'Wash- 
bum and RozendaaP in whom a clinical diagnosis of pernicious aneniia ante- 
dated the discovery of the carcinoma of the stomaeh, four patients had had 
previous x-ray.s of the .stomach wluch showed no pathologjv One patient had 
a serrhe. „av«noma ot the upper t,vo-thir<ls oi the elomaeh tte ‘IcTud a 
polj-poid ulceraHng lesion removed hy subtotal gastrectomv; the third car 

invo’T'^ stomach; and the fourth, polypoid carcinoma 

im olvmg the greater portion of the stomach. > i - i u carcinoma 
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THE JOUUXAE OF EABORATOKY AND CEINTCAE MEDICEVE 


Although 110 analysis has boon made of tlie iiafieiits ivho had routine x-rays 
of the stomach, even though no gastrointestinal .sym]itoms were pi-esent. it 
might seem advisalilo to perform such an examination on any jiatient wlio has 
the symptom complex, pernicious anemia. It, of (fourse, might lie advocated 
to examine any patient with jiernicious anemia with a gastroseope, since lesions 
can be observed earlier witli it than with an x-ray examination. However, the 
value of this procedure has not been dcmonstraterl as yet in tliis type of ease. 

Of great interest in the ease iiresented here is the cliange in the lilood pic- 
ture, which occurred .some time befoi-e eitlier loss of iveiglit or gastric .symp- 
toms could be elicited. The figures in April. 3!)3!), showed a UETrked drop as 
compared to the previous calculations. In January. Itl-lO, this was even more 
marked Avith a hemoglobin of (iS per cent. At that time a search should have 
been made for some complications. Some anthor.s''"' have from time to time 
liointed out the necessity of searching for malignancies when the type of anemia 
in a treated ease of pernicious anemia changes to a normocytie or microcytic 
form. Whether an opeisdile carcinoma would have been found is a moot])oint. 
It is also impo.ssible to state Avhether any lesion would have been discoA'cred, 
although the size of the lesion found in July, 1!)40. makes me feel tliat some 
pathology Avould have been seen in January. li)4(). 

The literature rceoi'ds very few cases in ivhich the blood count showed 
the suspicious changes before symptoms appeared. In the greate.st majority 
of reported cases it was the appearance of new .symptoms, or the inability to 
alleviate these complaints with liver therapy, which led to the x-ray .studies of 
the gastrointestinal ti-aet. One of the patients rej)orted by Conner and Birkc- 
land (Case 0)' had pernicious anemia for seven years when fresh blood was 
noted in a gastric analysis. Two x-rays taken two months apart were negative. 
A blood count done three months after the last x-ray examination, and follow- 
ing an attack of influenza, showed a hemoglobin of 20 per cent and an erythro- 
cyte count of 2 million. Three months latei’ he vomited blood, and an x-ray 
examination shoAved an obstructive lesion in the esoiJiagus. Here the blood 
count changed to a Ioav color index anemia before the x-rays disclosed a defi- 
nite lesion. Numerous repoi-ts'' are present in the literature Avliere a Ioav 
color index anemia Avas discovered at the time that the carcinoma Avas found 
in the patients Avith pernicious anemia. 

An interesting point and one Avhich can lead to a great deal of .speculation 
is to be fovnid in the bone marroAv studies. A bone marroAV puncture, per- 
formed at the beginning of the obsei-A-ation, shoAved the cells to be tjTJieal of 
pernicious anemia. Nevertheless, study of the bone marroAV at autopsy re- 
A'ealed no apparent changes. 


CONCLUSIOX.S 

A ease of pernicious anemia is reported in Avhieh a carcinoma of the stom- 
ach Avas found fotir and one-half years after the initial diagnosis Avas made. 
Of particular interest is the fact that blood .studies shoAved a change in the 
type of anemia several months before signs or symptoms of the carcinoma Avei-c 
found. It is suggested that blood studies be done repeatedly on patients Avith 
pernicious anemia and that a prompt search for pathology be made should a 
change in the character of the anemia be found. 
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CLINICAL CHEMISTRY 


GUANIDINE AND ITS RELATIONSHIP TO .AIUSCULAR DySTROPHY® 


RoiiKKT P. ]MacFatk, Ch.E., 31. S., Pu.D. 
Chicago, III. 


^ I 'HE abnormal motaboli.sm of crcafine (mothylf^uaiiidiiic acelic acid) in 
progressive mriscnlar dystrophy and certain other innsele conditions, as 
reported by Levene and ICristeller,’ Brand and lii.s co-workers, - ilagce,''’ Thomas, 
3Iilhorat, and Techner,' 3Iilliorat,' Tripoli and Beard,'"' and othor.s, led me to 
study the effects of the administration of simple guanidine salts on creatine 
metabolism. It was first thought that admini.stcrcd guanidine might give rise 
to an added production and excretion of creatine. As the c.vi)eriment.s pro- 
gressed, the results suggested that the increased excretion of creatine following 
guanidine administration and in nutritional muscular dysfro])hy was duo to 
changes produced in the mu.scle rather than to a direct production of creatine 
from the added guanidine. 


MIXI.MU.M UKTII.AL DO.SK 01' GUANIIUKK H YnKOCIinOIUDF. AND 
.M KTII YLOUAXIDINK SUI A'ATK 


Guanidine hydrochloride and methylguanidine .sulfate were chosen for study. 
The minimum lethal doses of tho.se compounds were determined to serve as a 
basis for their administration. The minimum lethal dose (31.L.D.) was defined 
as the number of milligrams of guanidine salt per gram of body weight which 
would cause the death within twenty-four hours of one or more of a series of 
fasting animals. 

Guanidine hydrochloride and methylguanidine sulfate were administered 
intramuscularly and by stomach tube in a 5 per cent aqueous solution to 
healthy guinea pigs that had fasted twenty-four hours. The findings at the 
chosen end points are .shoAvn in Table I. Guinea pigs receiving the 3I.L.D. of 
either guanidine salt became nervous, showed varying degrees of trembling 
and twitching, and finally went into convulsions and died. Guinea pigs re- 
ceiving less than the 3I.L.D. showed varying degrees of nervousness, trembling, 
and twitching, depending on the amount of guanidine salt given. Death oc- 
curred in some of the guinea pigs in this latter group, but later than twenty- 
four hours after the administration of the guanidine. 


•From the Laboratory ot Physiological Chemistrj', University of Illinois CoUege of Sletli- 
cine. Chicago. 


This paper is hasecl on a thesis submitted in partial fuiailment of the requirements for 
Uie degree of Doctor of Philosophy in Physiological Chemistry in tlie Graduate School of the 
University of Illinois. i.,,. 


Received for publication, June 3, 1942. 
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PROTECTIVE ACTION OF GLYCINE 

Schmeidelierg and Bunge' were among the first to show that benzoic acid 
is detoxicated in the kidney iiy conjugation with glycine and then excreted 
as the less toxic hippui'ic acid. Since that time it has been found that thi.s 
synthesis takes place in other parts of the body as well as the kidney. It also 
has been found that the .mimal organism protects itself in the same manner 
from many toxic sub.stances, such as phenylaeetic acid, cresols, and others. 
Perhaps this same mechanism comes into play in the detoxication of simple 
guanidine salts. 

Single and daily doses of 1 mg. of glycine per gram of body weight were 
found to be nontoxic in healthy guinea pigs. The protective action of this 
amount of glycine was then studied. 


T.,mLE I 


Fatality or the II.L.D. or Guanidixe Salt.s 


GUIKEA 
PIGS USED 

SALT ADMINISTERED 

ilETIIOD or 
admixistp.ation" 

M.L.D. 

(Mg. PER 
GM. or BODY 
M-ErGHT) 

ANIMALS 
DIED IN 

24 HOURS 
(PER CENT) 

14 

GuamdiDe hvdrochloride 

Intramuscular 

0.24 

60 

13 

GuaDidine hydroeWoTide 

Oral 

0.40 

80 

10 

Methylguanidine sulfate 

Intramuscular 

0.29 

75 

10 

Methylguanidine sulfate 

Oral 

0.50 

50 


T,iBLE II 


Protective Action of Single Doses of Glycine and Glucose Again.st 
Guanidine Hydrochloride 


TOTAL 

number of 

GUINEA PIGS 

1 

1 

GUAXIDIXE 

HYDROCHLORIDE 

1 

! 

GLYCIXE 

1 

1 

GLUCOSE 

1 

SVMBZn 

1 or GUIXEA 

1 PIGS 

j SURVIVHvG 

1 

PEP. CENT 
SURVIVING 

AVERAGE 
BLOOD 
GLUCOSE IN 
SUP.VXVORS, 

6 HR. AFTER 
GUANIDINE 

(mg. pep. 
100 C.C.) 

11 

M.L.D. 

No 


3 

27 

54r 

12 

M.L.D. 

TTes 


9 

75 

75 

8 

M.L.D. 

aSO 


O 

.38 

65 


Single doses of 1 mg. of glycine per gram of body weight were given by 
stomach tube to healthy guinea pigs that had fasted twenty-four hours. One 
hour later, the il.L.D. of guanidiue hydrochloride was administered intramus- 
cularly to 6 of the guinea pigs. The il.L.D. of methylguanidine sulfate was 
administered intramuscularly to the remaining 6 guinea pigs. All the guinea 
pigs showed the usual symptoms of guanidine intoxication and the majority 
died within twenty-four hours. Glycine in single doses, therefore, has no pro- 
tective action against the jNI.L.D. of toxic guanidine salts. 

The protective action of daily doses of glycine was then studied. Twenty- 
four guinea pigs were divided into two groups. Group A received daily doses 
of 1 mg. of glycine per gram of body weight. Group B received no glycine 
On the second and following days, one-third ]M.L.D. of guanidine hydrochloride 
was administered intramuscularly to i guinea pigs of each group, one-third 
il.L.D. of methylguanidine sulfate was administered intramuscularly to an- 
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other 4 guinea pigs of eaeh grou)), and one-third iM.L.D. of methyl guanidine 
sulfate was administered orally to the remaining 4 guinea pigs of each gro\ip. 
The amoimt of guanidine salt in eacdi dose was uniformly ineroased at regular 
intervals until four-fifths ^l.L.l). was being given daily. 

The average life of the guinea pigs receiving only the guanidine .salts was 
tAventy-eight days; the average life of those receiving glycine in addition was 
thirty-five days. On long-continued administration of guanidine salts, the 
guinea pigs appeared to develop a greater tolerance to the drug. TTowever, 
the guinea pigs receiving glycine showed fewer and milder sym])toms of guani- 
dine intoxication and in addition lived longer. Tt appeared, therefore, that 
administered glycine aided the a?iimnl.s in overcoming the effeets of toxic 
guanidine .salts. 


rUOTKCTlVK ACTION OP OIATCOSK 

Watanahe*' and others found that a severe hyimglycemia developed after the 
administration of toxic guanidine salt.s. Frank, Xothmann, and Wagner® found 
that the severity of spasms and the duration of life of animals poisoned by 
guanidine were dependent upon the amount of ear!)ohydrate available in their 
organisms. Hummel'® also noted this protective action of glucose, but Bakucr.” 
Avas not convinced of its etTcct. 

Experiments similar to those aboA-e Avere ])erformed to study the jirotcetiA-o 
action of gluco.se. The efi'ects of single do.scs of glucose and of glycine against 
the JI.L.D. of guanidine hydrochloride are shown in Table If. In ex])criinents 
Avith daily administration, tiie aA'erage life of the guinea jiigs receiving guani- 
dine hydrochloride alone Avas eighteen days; of the guinea pigs receiving 
guanidine hydrochloride and glucose, nineteen days; and of the guinea ])igs 
receiving guanidine hydrochloride and glycine. tAventy-seven day.s. (Jlucose 
appeared to have no protective action. 

EFFECT OF GIA'CIXE AXD GU.AXimXE IIVUKOCIIEOKIDE OX THE UIUXE AXI) 
JtUSCEE CHEMI.STKY OF XORMAI, GUINEA ITGS 

The urine and muscles of guinea ^ligs Avere analyzed to serve as controls 
for comparison Avith the Avork to folloAV on dy.strophic guinea pigs. Healthy 
guinea pigs Avere placed in small mctaboli.sm cages and given a diet of carrots, 
grain, Avater, and orange juice. The urine Avas collected under toluene, meas- 
nred and filtered daily. The muscles Avere obtained at death or on sacrificing 
the animal. 

Urine Avas collected for a ten-day period to serve as a normal. Treatment 
AA'as then giAmn as shoAvn in Table HI. One milligram of glyeine per gram of 
body Aveight Avas administered daily at 10 a.m. and 4 p.w. One-third iM.L.D. 
of guanidine hydrochloride Avas administered at 5 f.m. The amount of guani- 
dine salt in each dose Avas uniformly increased at regular intervals, as in pre- 
Auons experiments, until four-fifths il.L.T). Avas being administered daily. 

The urines Avere analyzed for creatine and ei-eatininc,'® guanidine.’'' and 
total acid-soluble phosphorus.” The results Avere averaged for the normal 
period and for the period in Avhich treatment Avas given. The fresh gastroc- 
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neniius and gluteus luuscles Averc analyzed for creatine,’^ creatinine,'- and the 
acid-soluble phosphorus fractions.”’ The re.sulls Avcrc aA’craged and are 
shoAvn in Table 111. 

Table JH 


Xjp.isF, AEB AIusci.e Chemistt-y Foi.i.omKG THE Administi’-ation ok Giacine and Guanidine 
I lYDnociii.oiuDr. to Xor.MAi. Guinea Pigs 


m or avixKA pios 

4 

^ 1 

‘J 

1 





i 



GLYCINE 

rKKAT.VEXT 

NOn.MAU 

NOBMAE 

«r.YC;xK 

r«Tf:RF:n 

1 

1 1 

1 KOr.MATj 

GUAXl- 1 
IJIXK 

NOP.MAG 

aVNT) 

GUAXI' 

C0\’TR01*S 

PKllIOD 

PEI’.IOD 1 

i 

ADMIN- ' 
ISTEUED 

PEKIOI) 

DIXK 

ADMIX- 





1 1 



istered 

Average days of 
treatinenl 

42 

10 

32 

j 

10 

1 

20 

10 

32 

Status at end of 
experiment 

Alive 

1 

j Alive 

1 

1 

Dead 


Dead 

Average ijrine Chemistrj' 
(rag. excreted per 100 
Gm. of body iveight 
per day) 

Creatine 

Creatinine 

Guanidine base 

Total acid-soluble 
phosphorus 

Per cent administered 
guanidine recovered 

1.5 

2.9 

1 0.5 

3.0 

i 

1 1-5 

3.0 

0.5 

3.5 

1 

1.9 

.3.0 

0.5 

.3.6 

1 1.0 

I 3.1 

1 0.5 

I 

1.8 

3.0 
3.8 

4.0 

39 

1 

1.0 

3.1 

0.5 

1 

! - 

2.1 

3.1 

3.2 

3.8 

31 

Average Muscle Chem- 
istry (mg. per 100 Gm. 
of fresh tissue) 

Creatine 

Creatinine 

Acid-soluble pho.s- 
phorus 

5.3.3 

4.7 

1 

1 

i 

597 

4.8 

1 

II ' 

400 

4.2 

1 

I 

500 

4.4 

Total 

182 

i 

161 


116 


‘ 140 

Creatine phosphate 
(per Cent of total P) 
Free orthophosphate 
(per cent of total P) 
Adenosine triphos- 
phate . 

(per cent of total P) 
Soluble esters 
(per cent of total P) 
Water content (%) 

69 

(38) 

2.3 

(12; 

74 

(41) 

16 

76.8 

1 

66 

(41) 

19 

(12) 

04 

(40) 

12 

(7) 

70.1 

1 

! 

II 

28 

(24) 

24 

121) 

49 

(42) 

15 

(1.3) 

75.8 

— 

48 

(33) 

.30 

(20) 

‘ .52 

(36) 

16 

(11) 

76.3 


On the administration of glycine alone to normal guinea pigs, the exere- 
0 creatine A\as increased, probably due to an increased production. An 
nm-eased concentration of creatine ayds found in the muscle.s, although the 
latne per cent of creatine phosphate changed but little from the normal 
On the edministretion ol gumi.Ihto hydiocMoviac alone to normal ™i„oa 

S Z VdrocWoriae tvaa reeotjol 

om l,c n„„c. The per eent of gnanhline bases exereted aocreasctl as the 
e laiudmc hjdrocliloridc aelministcrcd was inerensed. There mav have h 
a maKimnm amount of guanidine that the kidnev 4 c.n.He4 e . 

Iho dee, cased excretion mav have been dnrto Wdr,., ,f Kereting or 
sechou of the kidnevs showed some damage to the tnhnles, 
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dine may have been converted to creatine, as ^vas suf^gcstcd l)y llic slight in- 
crease in the excretion of ci'catine. ft was more probable, howcA'cr, that the 
guanidine hydrochloride either injured the inusc.ie cell or made it more per- 
meable, allowing an excessive loss of creatine to occur, as shown by the low 
concentrsition of creatine in the muscle. This lo.ss may have stimulated the 
muscle or the centers of creatine formation to a greater production of creatine, 
with a subsequent further lo.ss due to the abnormal ])ermeabilily of the cell. 
This suggestion of an increa.sed permeability was further supported by the lo.ss 
of pho.sphates from the muscle and the decrease in the relative ])er cent of 
creatine pho.sqdiate. 

On the administration of glycine with the guanidine h 3 'drochlo?’ide, the 
excretion of creatine was increa.scd, the effect being greater than when either 
glj’cine or guanidine hydi-ochloride were given alone. An average of 31 per 
cent of the guanidine h.vdrochloi’idc administered was recovered from the urine. 
This was less than where the guanidine h.vdrochloride was given alone, and 
indicated that the gl.veine probabl.v aided in the detoxication of the guanidine 
In^drochloride. This detoxication prevented the profound action of the guani- 
dine hydrochloride on the muscle, as shown bj' the imj)roved muscle metaboli.sm 
and bj' the anal.vsis of the mu.scle. The creatine and total phosphorus of the 
muscle and the relative i)er cent of creatine phosphate moj'o nearh' apj)roachcd 
the normal. 

KFFFCT OF OLYCIXE AXD OUAXIDIXK IlYDUOCHI.OItlDI-: O.V THE UKI.XE AXD SIU.SCEE 
CHEiriSTRY OF CUI.VICA FKf.S WlTlf XO'TRmOXAr. JIUSOLiLAIC DY.STKOI’MV 

Goettseli and Pappenheimer'*' found that a diet composed of rolled oats, 
wheat bran, casein, lard, cod-liver oil, .sodium chloi’ide. and calcium carbonate, 
treated with ethereal ferric chloride, to which was tlieii added skimmed milk 
powder, led to a i)rogrc.ssivo, highl.v .selective and ultimatel.v fatal d.vstrophy 
of the A’oluntaiy muscles. The.v found guinea pigs and rabbits to be susceptible 
and rats to be resistant. This diet is complete in known requirements except 
for vitamin E. However, Goett.seh and Pappenheimer found that the addition 
of this factor did not prevent the development of the disease. The lesions were 
not due to inanition, infection, or scurv.v, and must be rcferi’ed to some still 
unknown factor. 

A muscular dj'strophj’^ was develoi)cd in several litters of guinea pigs. 
Visible symptoms of muscular d.vstroph 3 ' were shown ly the sluggish actions 
of the guinea pigs, difficulty in righting themselves when placed on their backs, 
inabilitj’- to use their hind legs, and finall,v, inability to rise when placed on 
their sides. When definite sjmiptoms of muscular dj'strophy appeared, the 
weight had reached a plateau and in 7nost cases was decreasing. 

As previously noted, there occurs an abnormal metabolism of creatine in 
certain muscular dj'^strophies. Accordingly', the etfects of gljmine and toxic 
guanidine salts were studied in dystrophic guinea pigs. 

Thirty-one dystrophic guinea pigs were divided into 4 groups. The dj'strophy 
diet was continued. Group 1 was given no additional treatment. Group 2 was 
given 1 mg. of glycine per gram of body weight daily. Group 3 was given 
one-third M.L.D. of guanidine hj'drochloride daily. Group 4 was given both 
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glycine and guanidine hydrochloride according to the amounts premously 
noted. The amount of guanidine salt in each dose was uniformly increased at 
regular intervals, as in previous experiments. The experiment was continued 
to the death of the guinea pigs. The chronologic data are shown in Table lY, 
Twelve dy.strophic guinea pigs were divided into 4 groups. They were 
placed in small metabolism cages, and the dystrophy diet and orange ;juice 
were continued. The urine ivas collected under toluene, measured and filtered 
daily. Urine Avas collected for seven days after dystrophy developed to seiwe 
as a control period. Treatment was then given these 4 groups as detailed for 
the preceding 4 groups. 


Table IV 

Effect of Glvcixe and Guaxidixe HA-DROCitLOKiDE Admi.ntstebed to GnxEA Pjgs With 
N vTP.moxAL Muscul-vp. Dystrophy 


TRE.YTMEXT 

XO. OF 
GUINEA 
PIGS 

AGE AT 
START OF 
tiYSTROPHV 

(days) 

AGE AT 
TlifE OF 
AfARKED 
DYSTROPHY 
(DAYS) 

INTERVAL 
FROU 1 
START TO 1 

m:arked I 
dystrophy 1 

( DAYS) ^ 

1 

AGE AT 
DE-VTH 
(DAYS) 

I INTERVAL 
FROit 

1 START OF 
DYSTROPHY 

1 TO DEATH 

1 (DAYS) 

Aoiie 

7 

9t 

103 

9 

■ncBi 

1 16 

Glycine 

8 

95 

106 

11 


1 21 

Guanidine hydrochloride 

S 

93 

98 

5 


10 

Glycine and Guanidine 
hydrochloride 

8 

97 

1 

105 

1 

s 

■■ 

1 


The urines were analyzed as already detailed, and the results were aver- 
aged for each period of the experiment. The fresh gastrocnemius and gluteus 
muscles Avere analyzed as detailed. The results Avere aA’craged and are shoAvn 
in Table V. 


The guinea pigs in Avhich a nutritional muscular dystrophy Avas deA'eloped 
excreted a larger amount of creatine than did normal guinea pigs. This may 
haA'e been due to defecth^e storage, to degeneration of the muscle tis.sue, or to 
a greater production. It is probable that aU three mechanisms were inA'olA'ed. 
Dystrophic guinea pigs also excreted a smaller amount of creatinine as the 
dystrophy deA'eloped, probably due to the deerea-sed creatine metaboli.sm. 
Guanidine excretion Avas increased, probably due to defective metabolism of 
these compounds. The production of toxic guanidine compounds in the muscle 
cell may have loAvered the permeability of the cell, thus accounting for the 
loss of creatine from the muscle and its increased excretion. An initial larger 
excretion of phosphoms was folloAved by a decreased excretion, indicating a 
probable loss of phosphorus compounds from the muscle. These findings Avere 
confirmed by the muscle analysis. 


Glycine appeared to have some effect in delaA-ing the progress of nutri- 
tional muscular dystrophy. Clinically, the animals appeared more normal and 
their span of life Avas increased. An inerea.sed excretion of creatine Avas noted 
and an increased concentration Avas found in the muscle. This increased con- 
centration of creatine was responsible, probably, for the better functioning of 
the muscle and for the delay in the progress of the dystrophy. 

The toxic effects of guanidine hydrochloride were more pronounced in 
dystvoptoc g„mca Jigs than in tl.c normal. Ol.vcine appe.ared again to rednee 
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its toxicity. On tiie adniinisti'ation of {ruanicliiie liyclrocliloridc to dyslropliic 
guinea pigs, a7i average of 63 ])er cent, of tlie guanidine iiydroehloridc -was 
recovered from the ni-ine. l'lie.sc liguros wei-c markedly higher tlian tho.se 
obtained Avith normal guinea pig.s, indicating a defect in the metaliolism and 
detoxication of these substances. 


'J’Atii.n V 


IJllINE AND JIU.SCI.E CHr..MISTUV FOM.OWINCi THE Ad.MINISTK.VTIO.N OE Oi.YCINE AND OUANIDI.Vr. 
nY'DKOcnLor.iDi; to Guinea 1‘io.s With Mu.srur.Ai; ])vSTi:ornv 


NO. or OUINEA nos 


i , . 

1 _____ 

1 ___ 3 

12 









OI/Y- 

A\T:n* 

Aor or 


KinST 


ElIt.ST j 

cr.Y- 

cixr: 

AI>- 




ALL 


week 

n.M.- 

WEE.K 1 

riusT 

(lUAXl- 

ITE.ST 

CIXK 

GUlXrA 

TIIKATMKXT 

or 

ASci: 

or 

^VI;KK 

1)1 xr 

AVEEK 

OITAXI* 

nns 

I>YS* 

or 

I>YK- 

MIN*IS- 

OF DY.S- 

ADMIX* 

or DYS- 

nixK 

roi: 


[ TUO- 

liU'K 

TUO- ' 

TnoriiY 

iktki:ki> 

TIIOniY 

ni'ST 


I'lIV 


ri!Y 

TEItED 



ADMIX- 

IKTKnKD 

M-rrK 


OF DY.S- 
TI’.oniY 

Average dny.s of treat- 

HI 

mi 

mi 

l-t 


5 


n 

7 

mont 










Status at end of e.xperi- 


Dead 


Dead 


Dead 


Dead 


inont 

■i 


HI 







Average Urine Cliomistry 







kHMlri 



(rag. c.vcretcd per 100 
Gm. of l)ody weight 
per day) 







ml 



Orcatino 

2.:! 

;i.7 

2.0 

•t.2 

2..'! 

3.0 


■1.1 

2.5 

Creatinine 

:!.4 

2.0 

2.-0 

2.7 

2.9 

2.3 

2..S { 

2.0 

3.0 

Guanidine base 

0..') 

0.0 

0.0 

0.0 

0.3 

:>.n 

0.0 

•l.S 

0.0 

Total acid-soluble 

;-i.7 

a.o 

a.,') 

a .1 

3.0 

O 

3.1 

2.9 

3.3 

pliospliorus 

Per cent administered 






03 
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guanidine recovered 










Average Muscle Cliem- 









i 

istry (mg. per 100 Gin. 
of fresh tissue) 



! 




1 


! 

Creatine 

_ 

200 

- 

21 S 

— 

151 


190 


Creatinine 

Acid-soluble phos- 

- 


— 

2.1 


1.0 

- 

2.0 

- 

phorus 

Total 




ss 


•17 

■ 

00 


Cre.atine phosphate 

— 


- 

32 

— 

11 


20 


(per cent of total P) 


(00) 

- 

(36) 

— 

(23) 


(30) 

- 

Free ortliophosphato 

_ 

1.0 

- 

11 

_ 

12 


12 

- 

(per cent of total P) 

- 

(20) 

- 

(13) 

- 

(20) 


(18) 

- 

Adenosine triphos- 
phate 

(per cent of total P) 

- 

29 

- 

33 

- 

10 


25 

- 


(3S) 

— 

(-10) 

_ 

(31) 

_ 

(38) 


Soluble esters 

- 

n 

- 

10 

- 

S 


9 


(per cent, of total P) 

— 

(12) 

1 “ 

(ID 


(17) 

- 

(14) 


AVatcr content (%) 

- 

7().0 

- 

7().4 

~ 

7o.7 

- 

70.1 

- 


EI'FKCT OF OrA'CIXE AND GUANIDINE IIYDKOCHLOUIDE ON THE IILOOD, URINE, 

AND MUSCUE CHEMISTRY OF NORMAL DOGS 

111 the previous experiments the small size of the guinea pigs prevented 
extensh'e blood, urine, and muscle examinations. Dogs ivere adopted, there- 
fore, as the test animal. Gmanidine liydrochloride ivas used since it slioived a 
p-eater toxicity than did methylguanidinc sulfate. The compound ivas admin- 
istered intramuscularly as it exerted a more profound effect in this manner. 
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The blood, urine, and nuiseles o£ lb dojrs ^Yeve analyzed to sev\c as contiols 
for comparison n-ith the M’ork to follow on dystrophic dogs. Healthy dogs 
■were placed in metabolism cages and given the normal diet of meat and meal, 
M'ith M'ater ad lib. They M’ere weighed twice a week. Urine "wa-s collected 
under toluene, measured and filtered daily. Blood was drawn twice a eek. 
The muscles were obtained at death or on sacrificing the animal. Urine and 
blood were collected for a period of two weeks to serve as a normal. Treat- 
ment was then given as shoAvn hi Table ^ I. 

One milligram of glycine per gram of body Aveight was administered daily 
by capsule. Eight-tenths milligram of guanidine hydrochloride per gram of 
body weight was in.ieeted intramuscularly one hour after the glycine. After 
three weeks the glycine and guanidine were increased to one and one-half times 
the original dose; after another two rveeks. to tAvo times the original dose; and 
after another tAvo Aveeks, to tAvo and one-half times the original dose. This 
latter dosage Avas continued to the death of the animals reeeiA'ing guanidine 
hydrochloride. 

The dogs receh'ing guanidine hydrochloride alone shoAved signs of guani- 
dine intoxication after about the second Aveek. They Avere nervous and shoAved 
trembling, Avhich passed on to tetanic tAvitebings, convulsions, and death. The 
average life of these dogs Avas tAventy-four days. The dogs reeeiA'ing both 
glycine and guanidine hydrochloride Avere nervous and shoAved trembling and 
tetanic tAvitchings only tAvo to three days before death. There Avere no other 
signs of intoxication over the period of the experiment. The aA'erage life of 
these dogs Avas forty-seven days. 

The blood .specimens were analyzed for sugar,^® nonprotein nitrogen,^®’ 
creatine and creatinine,-® amino acids,®® guanidine,®^ inorganic and total acid- 
soluble phosphorus, “ and lactic acid.®®’ ®® The uruies Avere analyzed for total 
nitrogen,®"’ ®® creatine and creatinine,’® guanidine,’® and inorganic and total 
acid-soluble phosphorus.’® The results Avere averaged for each pei-iod of the 
experiment. Table VI shoAvs the aA-erage findings during the normal period 
and during the period of maximum dosage Avhere the most striking changes 
Avere noted, ilixed samples of gastrocnemius, anterior tibialis, and biceps and 
quadriceps femoris Avere analyzed for creatine,’® creatinine,’® guanidine,’®* ®® 
acid-soluble phosphorus fractions,’®* ’"* ” sodimn,®’* ®® potassium,®" calcium,®’ 
chlorine by a modified silver nitrate and thiocyanate titration, and AA-ater con- 
tent by drying to constant Aveight. The average results are shoAvn in Table "iU. 
Jlusele and kidney specimens Avere examined histologically. 

The muscles of the normal dogs and those reeeiA’ing glycine Avere grossly 
and microscopically noi-mal. The muscles of the dogs reeeiA'ing guanidine 
hydrochloride alone shoAved many sAvollen and granular areas Avith a marked 
nuclear reaction. The muscles of the dogs reeeiA’ing glycine and guanidine 
hydrocliloride were normal grossly, IMicroseopicallA', a few sAvoUen fibers Avere 
seen shoAving a marked nuclear reaction. The kidneys showed some damage 
to the tubules. ° 

The oral administration of glycine to normal dogs produced an increased 
e.xcretion of creatine. No other change Avas noted other than the increased 
blood ammo acid concentration and an increased excretion of nitrogen which 
were to be expected. “ 
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Table VI 


Blood, Uelve, ami AIuscle CurAUSTKY Foumvisa Tin: Ajimisisthatjos of Glycisi: and 
Guanidine IlYDi!ocnr.oiin>E to JCoiimal j)oos 


NO. OF DOa.S j 

-t 

1 

1 1 _ 

i -1 








(iiA'cix?; 

TItKATMKXT 

XOIiMAIi 

COX- 

TH01,55 

XOItMAI. 

OIA'CIXK 

AI»M1X1S- 

TKl'.Kn 

xoi:mai> 

orAXi- 

DIXK 

ADMIXIK- 

tki:kd 

XOIIMAI* 

I’frnioi) 

AXI> 

(JUAXI- 

DIXK 

ADMIXI.S- 








TKr.KI) 

Average days of treatment 

02 

14 

-IS 

14 

24 

14 

47 

Status at end of experi- 
ment 

Alive j 


Alive 


Dead 


Dead 

Avcrii'^e Blood Cliemi.stry 








(in^. per TOO e.e.) 

Sut;ar 

Konprotein nitropen 
Creatine 

Creatinine 

Amino aeids 

Guanidine Imse 

Inorpanic pliosplioru.s 
Total ae,id-solulde plios- 
plioms 

Lactic acid 

S4 

2S 

;i.i 

1.4 

7.!) 

0.4 

7.0 

.■1(1 

17 

■ 

.85 

27 

.4..4 

1.8 

9.4 

0.3 

(>.(! 

30 

18 

so 

29 

3.1 

1.3 

8.2 
0.4 
0.0 

30 

10 




Average Urine Clicmistry 
(mg. e.xcretcd per 100 
Gm. of body weiglit per 
day) 

Total nitrogen 

Creatine 

Creatinine 

Guanidine base 

Inorganic pliospliorus 
Total acid-soluble phos- 
phorus 

Per cent administered 
guanidine recovered 

1 

.4(1 

0.9 

o <> 

0.(1 

2..4 

4.5 

48 

1.4 

2.3 

0.5 

2.0 

4.7 

39 

1.0 

2.7 
0.0 
2.0 

4.7 


37 

0.9 

2.4 

0.6 

2.4 

4.5 

1 

Average Muscle Chemistry 
(mg. per 100 Gm. of 
fresh tissue) 

Creatine , 

Creatinine 

Guanidine base 
Acid-soluble pliospliorus 
Total 

Creatine phosphate 
(% of total P) 

Free orthophosphate 
(% of total P) 
Adenosine triphos- 
phate 

(% of total P) 
Soluble esters 
(% of total P) 
Sodium 

Potassium 

Calcium 

Chlorine 

Water content (%) 

428 

4.9 

0.7 

214 

87 
(41) 

28 

(1.4) 

88 

(41) 

11 

(5) 

43 

319 

8 

02 

77.7 

1 - 

4.41 

5.1 

0.7 

225 

92 

(41) 

32 

(14) 

90 

(40) 

11 

(5) 

40 

300 

9 

60 

77.5 

- 

.413 

•1.2 

2.4 

187 

42 

(23) 

49 

(26) 

68 

(36) 

28 

(15) 

82 

271 

6 

114 

70.2 

- 

400 

5.1 

1.8 

209 

72 

(34) 

35 

(11) 

81 

(39) 

21 

(10) 

57 

285 

77 

77.1 
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The administration of guanidine hydrochloride to normal dogs produced 
an increased cNCvetion of creatine. The greatest rate of excretion was found 
to occur in the first week or two of guanidine administration. It was prolmble, 
therefore, that the guanidine injured the muscle cell or lowered its permea- 
bility, allowing creatine to diffuse more rapidly than normal. The muscle was 
found to have a decreased creatine content, a decrease in the total acid-soluble 
pho.sphorus, and both a relative and an absolute decrease of creatine phosphate. 
A decrease in the blood sugar and an increase in the lactic acid showed a dis- 
turbance of the carbohydrate metabolism. An increased nitrogen retention 
-was noted. A decrease in the potassium and an increase in the sodium and 
chlorine of the muscle showed a profound disturbance in the electrolyte balance. 
Guanidine bases were increased throughout, due to their administration. 

The administration of glycine with the guanidine reduced the toxic action 
of the latter. The large supply of glycine aided directly in the detoxication 
and also promoted the production of creatine to replace that lost from the 
muscles. Metabolism in general appeared to be more normal. A nitrogen 
retention was still present, but le.ss severe disturbances of carbohydrate metab- 
olism and electrolyte balance were noted. 


EFFECT OF GLYCINE AND GUANIDINE HYDROCHLORIDE ON THE BLOOD, URINE, AND 
YIUSCLE CHEYIISTRY OF DOGS AVITH NUTRITIONAL MUSCULAR DYSTROPHY 


A partial nutritional muscular dystrophy was developed in dogs. The dogs 
were weaned when they were forty-two days old and were placed in metabolism 
cages. The diet of Goettseh and Pappenheimer’® was used. Sufficient water 
was added to the food to make a moist mass. This diet was supplemented by 
the use of additional skimmed milk powder dissolved in water, with the addi- 
tion of vitamins A, C, and D. ater was allorved ad lib. 

Morgulis and Spencei"” found that the development of a nutritional mus- 
cular dystrophy following the diet of Goettseh and Pappenheimer could be 
prevented by the addition of whole Avheat germ to the dystrophy-producing 
diet. Two dogs were placed on the diet with 10 per cent wheat germ added. 

The dogs were weighed, and blood and urine rvere collected at two-week 
intervals during the first part of the experiment. 

Visible symptoms of muscular dystrophy did not appear as rapidly nor 
was the dystrophy as pronounced as in the guinea pig. In about five months 
the weight had reached a plateau. Less interest was shown in food and the 
dogs appeared listless much of the time. A definite weakness finally appeared 
in the hind legs. Many of the animals died of pneumonia. These dogs were 
not included in the average findings given here. 


tVhen definite signs of weakness appeared in the hind legs, the dogs were 
weighed twice a week, urine was collected under toluene daily, blood was 
drawn twice a week, and the muscles were obtained at death or on sacrificing 
the animal. Treatment was then instituted as noted in Table "iMI. 

The same amounts of glycine and guanidine were given as detailed above 
After three Aveeks they Avere regularly increased as preAuously noted. 

Blood and urine specimens were analyzed as previously discussed and the 
results were averaged for each period of the experiment. Table VII shows 



Blood, Urink, an’d JCrscw: Chemistry Poi.i.owi.vo tiik Administration of (B-ycine and 
Guanidine Hydrochi.okide to Boos With Muscular Dystrodiiy 
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Total acid-sohible phos- 
pliorus 
Lactic acid 
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the aA’CTiifie findings for tlie dog.s in eacii {troup during the period Avlicn lliey 
Avere on the dystrophy diet alone and appeared to be normal elinically; during 
the period of slight dA-strophy. as .shoAvn by .slight Aveakne.ss; and during the 
period of marked dystroi)hy, as shoAvn by marked Aveakness before death. 
The muscle .specimens Averc analyzed as already described, and iiistologic sec- 
tions Avere made. The results of the chemical analy.scs are shoAvn in Table VII. 

At autopsy the niuseles of the thighs and hind legs of the dogs. Avhich 
shoAved marked Aveakne.ss before death, A\’ere found to be ])nle in color and 
flabby. Areas of damaged fibers Avere seen, ^lany Avere swollen, showing 
degeneration and a marked nuclear reaction. A moderate infiltration Avith 
fibrous tissue Avas seen. The muscles of the dogs reeeiA-ing 10 jier cent Avheat 
germ Avei-e normal. 

Little metabolic change Avas noted until the muscular dy.strophy became 
CA'ident clinically. A slight increase in the e.Kcretion of creatine Avas noted, 
seen more e.spocially in the daily analyses than in the aA'erages .shoAvn. When 
marked muscular dystrojihy dcA-eloiicd, a further increase Avas noted in the 
excretion of creatine, accompanied by an increased excretion of total aeid- 
solublc phosphorus. A low blood creatine concentration finally dcA-eloped and 
a loAv concentration of creatine and creatine pho.sphatc Avere found in the mu.s- 
clcs. An increased concentration of guanidine ba.se Avas found in the blood, 
urine, and muscle. The increased concentration of guanidine in the muscle 
may haA'c produced an increased permeability, with the rc.sulting lo.ss of crea- 
tine and phosphate. The inerea.sed guanidine Avas due, probably, to some de- 
fect in the metabolism of guanidine compounds. A disturbance also Avas seen 
in the carbohydrate and mineral metabolism, similar to that seen in the normal 
dogs AA'hcn toxic guanidine compounds Avcrc injected intramuscularly. 

Glycine appeared to delay the clTccts of the nutritional muscular dystrophy, 
as shoAvn by the blood, urine, and muscle chemistry. I'he animals liA'ed longer 
and their metabolism Avas more normal. The ba.sis of this improA'cment may 
haA'e been the increased concentration of creatine in the muscle due to its 
increased production. 

Guanidine hydrochloride .showed a greater toxicity in dogs suffering from 
a nutritional muscular dystrophy than it did in normal dogs. Glycine again 
aided in the detoxication of this added guanidine. 

DISCUSSION 

The administration of toxic guanidine salts over a period of scA'cral Avecks 
results in a loss of creatine and phosphate from A'oluntary muscle. It appears 
probable that guanidine increases the permeability of the muscle cell, alloAving 
creatine and phosphate to diffuse more rapidly than normal Avheu they haA’e 
been separated during muscular action. This suggestion is supported bj’ the 
Avork of Gavrilescu,“^ Avho found by conductiA'ity e.xperiments that guanidine 
compounds increased the permeability of abdominal muscles. The loAA'ered 
concentration of creatine in the muscle may stimulate the centers of creatine 
production, resulting in an increased production and further loss of creatine. 

Increased blood guanidine and increased guanidine excretion haA’e been 
noted in many conditions. Much confusion has resulted from the attempt to 
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associate various clinical symptoms witli the level of blood guanidine. It is 
suggested that blood guanidine is the i-esult, and not the cause, of endogenous 
guanidine intoxication. A guanidine derivative produced in any tissue may 
exert a more profound action in that tissue than it may exert after diffusion 
into the extracellular body fluids. The level of the blood guanidine probabl> 
depends on the activity of the centers of detoxication. 

In exogenous guanidine intoxication other phy.siologie effects of guanidine 
may overshadov its action on the muscle cell. This effect is increased by the 
apparent ability of the animal to acclimate itself to larger amounts of admin- 
istered guanidine over a period of time. 

There is a similarity in the blood, urine, and muscle chemistry of guani- 
dine intoxication and of nutritional muscular dystrophy. The incx’eased con- 
centration of simple guanidine compounds in nutritional muscular dystrophy 
suggests the possibility that these compounds may be the cause of the metabolic 
disturbance in this condition. The increased concentration of guanidine in the 
blood and urine of patients with progressive muscular dy.strophy, as found by 
ilacFate,^- Sullivan, Hess, and Irrevere’^ and others, and the similarity of the 
muscle findings in this paper to the findings in progressive muscular dystrophy, 
as reported by Nerin,‘' Eeinhold and Kingsley, and others, sugge.st the pas- 
sibility that toxic guanidine compounds may be responsible for, or at least 
initiate, the abnormal processes found in progressive muscular dystrophy and 
other dystrophies accompanied by like metabolic changes. 

Hines and Knowlton®" believe that the findings of altered concentration of 
various substances in atrophic muscles can be attributed to relative changes in 
the amounts of muscle cell and nonmuscle cell phases rather than to a change 
in the composition of the various phases. They found the increase in chloride 
concentration of atrophied muscle (from denercation, fasting, and tenotomy) 
to parallel the extent of atrophy and the relative increase in connective tissue, 
and, therefore, concluded that the chlorides of the muscle are chiefly associated 
with the connective tissue. Jlorgulis and OsherofP® state that at least a part 
of the chloride is a component of the connective tissues and that the increase 
in chloride content of dystrophic muscles is rmdoubtedly associated with the 
increase in fibrous tissue. The moderate increase in connective tissue noted 
in these experiments may account, in some degree, for the chemical changes 
observed. However, micrascopic study did not reveal as great an increase in 
the connective tissue as is usually seen in cases of atrophy from denervation, 
fasting, and tenotomy. Further, because of the rapid and early chemical 
changes noted, it is believed that some other factor, .such as an increased 
permeability of the muscle cell, must be considered. 

The therapeutic value of glycine in these conditions probably lies in its 
stimulation of an increased production of creatine. This may be due to the 
specific dj-namic action of the glycine itself (Rapport and An in- 

creased glycine concentration in the blood and body fluids may stimulate the 
production of large amounts of creatine until the creatine production centers 
adjust themselves to this new and increased level of glycine. The rate of 
creatine production may then drop to approximately normal, accounting for 
the decreased excretion of creatine found in many patients after glycine therapy 



C4 


TIIK JOUKNAIi or hAIiORATORY AKO CrAN'ICAT> MKDICIKK 


over a. loiijr period of lime, as reported by Thomas, i\Iilhorat, and Tcchner,^ 
Jlilhorat,'' and others. The value of plyeino in the treatment of progressive 
muscular dystrophy apparently depends upon the ability of the muscle cell to 
utilize the creatine produced. This ability appears to be lost gradually as the 
muscular dysti’ophy progresses. 

The toxicity of guanidine derivatives varies greatly (All&s^*). The gen- 
eral finding of increased blood guanidine cminol be properly evaluated until 
methods are perfected for determining the exact guanidine derivative prc.sent. 

C0N'CUT.S10NS 

1. The daily admini.stration of one-third to four-fifths jM.L.D. of a toxic 
guanidine salt, over a period of several Aveeks, produces changes in the metab- 
olism and structure of the muscle, similar to those found in nutritional mus- 
cular dystrophy and in progro.ssive muscular dyslroi)hy. There are produced 
a lass of creatine and ]ihosphatc from the muscle and severe disturbances in 
carbohydrate metabolism and the electrolyte balance. It. is suggested that guani- 
dine may lower the permeability of the muscle cell, producing these changes. 

2. One milligj-am of glycine per gram of body weight, administered daily, 
a^ipears to afford some protection again.st .small daily doses (one-third to four- 
fifths !M,.L.D.) of a toxic guanidine salt. 

3. Glycine delays tlie progro.ss of a nutritional muscular dystrophy. 

4. It is sugge.sted that the abnormal metabolism of guanidine compounds 
may be an etiologic factor in the production of a ]>rogrc.ssivc muscular dystrophy. 
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A BSORPITON studies in clironic ulcerative colitis have been confined mainly 
" to dextrose, and it seemed of interest to us to study the intestinal ab- 
sorption and the blood sugar rcsi)onsc of another carbohydrate. For this 
study, a mixture of polysaccharides (dextrins and maltose) produced by the 
])artial breakdown of starch was selected. For control purposes dextrose 
absorption was studied simultaneouslj’. Tolerance curves served as a measure 
of the absor])tion process. 

Low or flat blood sugar curves for oral dextrose tolerance tests have been 
frequently found by us (Z. B. and R. C.P.)’ in patients with chronic ulcerative 
colitis. In one group of 08 standard oral, one dose, two-hour dextrose toler- 
ance tests, 2.3 (39.(5 per cent) tests were of the low or flat type. Groen," using 
a simplified technique of intestinal intubation, ascribed the decreased absoiq)- 
tion of dextrose to a defect in the ab.sorptive capacity of the intestinal wall 
and not to an unusually rapid passage of the intestinal contents. 


MKTIIOn OK STUDY 


Twenty-three iiatients with chronic ulcerative colitis attending an out- 
patient clinic were studied. All the patients bad had the disease for periods of 
one or more yeai’s. 

Both the oral dextrose tolerance te.st and the oral dextrin tolerance test were 
carried out on the same patient. These tests were alternated in succes.sive 
patients. The tests were carried out from six to ten days of each other, with 
no change in diet, so that each patient served as his own control. 

The patients reported in the morning without breakfast. They were 
weighed and a fasting venous blood .sample was obtained. One gram per kilo- 
gram of body weight of dextrose or dextrinf in 150 to 200 c.c. water was 
given, and blood samples were taken at one-, two- and three-hour intervals, and 
in some instances at four and five hours. Urine was also collected and exam- 
ined for dextrose at these intervals. The venous blood was analyzed for true 
dextrose content by the Shaffer-SomogyF method. The results, therefore, 
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Fie, 1. — Graph showing mean values of comparative results of oral dextrose and dextrin toler- 
ance tests on 23 patients with chronic ulcerative colitis, as given in Table I. 
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A bsorption sUulies in chronic nleevative colitis have been confined mainly 
" to dcxlroKe. and it seemed of interest to ns to study the intestinal ab- 
sorption and the blood sugar response of another carbohydrate. For this 
study, a mixture of polysaccharides (dextrins and maltose) produced by the 
partial breakdown of starch was selected, h’or control purposes de.xtrose 
absorption was studied sinuiltancously. Tolerance curves served as a measure 
of the a1).sorj)tiou process. 

Low or flat blood sugar curves for oral dextrose tolerance tests have been 
freciuently found by us (Z. B. and R. C'.I’.)' in patients with chronic ulcerative 
colitis. In one group of 58 stjindard oral, one dose, Iwo-hour dextrose toler- 
ance tests, 23 (39.6 pei- cent) tests were of the low or fiat type. Groen," using 
a simplified teehninue of intestinal intubation, ascribed the decreased absoip- 
tion of dextrose to a defect in the absorptive capacity of the inte.stinal wall 
and not to an unusually rapid pa.ssagc of the intestinal contents. 


MKTllOD or STUDY 


Twenty-three patients with chronic ulcerative colitis attending an out- 
patient clinic were studied. All the patients had Imd the disease for periods of 
one or more years. 

Both the oral dextrose tolerance test and the oral dextrin tolerance tost were 
carried out on the same patient. These tests were alternated in succes.sive 
patients. Tiie tests were carried out from six to ten days of each other, with 
no change in diet, so that each patient served as his own control. 

The patients reported in the morning witliout breakfast. TJiey were 
weighed and a fasting venous blood satnplc was obtained. One gram per kilo- 
gram of body weight of dextrose or dextrint in 150 to 200 c.c. water was 
given, and blood sainjiles were taken at one-, two- and three-hour intervals, and 
in some instances at four and five hours. Urine was also collected and exam- 
ined for dextrose at these intervals. The venous blood was analyzed for true 
dextrose content by the Shaffer-Somogyi" method. The results, therefore, 
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tsince pure dextrin was found unsuitable because of unpnlatabilltv and difliculty of mak- 
ing acceptable solutions, "Dexin” (Burroughs Wellcome & Co.), containing 75 per cent dextrins 
and 24 per cent maltose, 0.7S per cent moisture, and 0.25 per cent mineral matter was iiVed 
Since the predominant constituent of this polysaccharide and disaccharide combination consists 
of dextrin, we have used the term dextrin in tiie text to denote this dextrin-maltose prepara- 
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Ui'inalyses on the entire group of patients using quantitative Benedict s 
test revealed reducing substances in only one patient (Ko. 8). The fastmg 
specimen vas negative, and in the first-hour specimen after oral dextrose the 
reducing substances Avere present to the amount of 1.65 Gm., after the second 
hour 1.13 Gm., and after the third hour 0.45 Gm. In the dextrin te.st the fast- 
ing specimen Avas negative. After one hour the urine contained 0.59 Gm. of 
reducing substance, after the second hour 0.45 Gm., and after the third hour 
0.19 Gm. 

DISCUSSIOX OF RESULTS 

The foregoing observations apparently indicate that at all points the blood 
suaar levels vrere higher after the dextrins than after the dextrose. HoAvever, it 
is Avell knoAvn that because of the many A'ariables involA'ed, blood sugar curves 
imdergo vide fluctuations. Therefore, a statistical analysis of the results Avas 
made in order to determine Avhether the greater hj'perglyeemia folloAving the 
dextrin administration Avas real or Avhetlier it A\'as only an accident due to chance. 

Statistical Analysis.— The dextrin and the dextrose cmTCs Avere compared 
hy calculating the statistic “t” for the differences in the blood sugar means 
at the one-hour, two-hour, and three-hour periods. The respective “f" values 
found were 5.568, 3.846, and 2.756, and the corresponding probabilities, as 
given bj' the tables of Fisher and Yates/ AA-ere P = <0.001, P — <0.001 and 
P = >0.001 but <0.01. Since a probability of P = 0.001 indicates one chance 
in 1,000 and a probability of P == 0.01 indicates one chance in 100, one may 
conclude the difference is real and that dextrin administration produced higher 
blood sugar values than did dextrose administration. 

Since 100 mg. of the dextrin mixture are theoretically capable of giving 
approximately 108 mg. of dextrose if completely hydrolyzed, an approximate 
correction Avas made by reducing the mean difference by 8 per cent and again 
calculating the “t” A'alues. This procedure did not appreciably alter the results. 

One hundred milligrams of the dextrin preparation used in this study 
contained 75 mg. of dextrin, (C^HjoGsln . HjO, which if completely hydrolyzed 
Avould jueld 83,3 mg. of dextrose (using the factor of 0.9, since nine parts of 
dextrin give ten parts of dextrose upon hydrolysis),' and 24 mg. of anhydrous 
maltose (CjoHasOii), AA'hieh Avould yield 25.2 mg. of dextrose (using the factor 
of 0.95) if completely hydrolyzed, making a total of 108.5 mg. of dextrose. 
Actually the maltose is present in the hydrated state (Ci„H,.Oii . H^O) so that 
24 mg., Avhen hydrolyzed, yields 24 mg. of dextrose (1.2 mg. less than Avith 
anhydrous maltose). Using this figure in the calculation, 100 mg. of the dex- 
trin-maltose mixture Avould yield 107.3 mg, of dextrose instead of 108.5 mg. 
AY e have compromised hetA\'een these tAvo values and assume that 100 mg. of 
the dexti'in mixture Avotild he converted into 108 mg. of dextrose, or an S per 
cent increase OA'er the original Aveight. 

The possibility exists that a comparison of the areas imder the blood dex- 
trose curves may present a more comprehen.sive picture than comparisons 
made separately at three different points. Accordingly, the areas under the 
46 curves were measured with a polar planimeter. Areas below a base line 
passing through the fasting level Avere considered negative These data were 
subiected to an analysis of variance folloulng the standard procedure such 
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represent dextrose content with only little interi'erenee from other rcdiieing 
substances (vitaTiiin C, {rlidathione, niolhio?)ine, cysteine, etc.). 

KK-StmTS 01' STi:i)V 

The results are given in Table I and are pi'esented graphically in Figs. ] 
and 2. It Avill be ob.served that after dextrose administration the blood .sugar 
at the end of the first hour had risen .sharj)ly to an average value of lib mg. 
per 100 C.C., an increase of approximately 42 per cent over the average fasting 
level of 81 mg. ])er 100 c.c. However, at tiic end of the second hour it had 
dropped sharply to 86, being then only 7 ])er cent above the fasting level. At 
the end of the third hour it had fallen to 78, or 10 pei* cent below the fasting 
level. At the end of the fourth hour the lowest value was reached. 69, or lb 
per cent below the fasting level. The four determinations available at the 
fifth hour .showed that blood sugar was starting to recover, now being 7b, or 
7 per cent below the fasting level. 
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After dextrin administration the blood sugar showed a similar but much 
greater rise by the end of tlie first hour. From the fasting level of 80 mg. per 
100 C.C., the blood sugar rose to 136 at the end of the first hour, an increase of 
70 per cent. By the end of the second hour the drop had not reached as low a 
level as with dextrose, the figure being 97, or 21 per cent above fasting. At 
the end of the third hour the blood sugar Avas 85, or still 6 per cent above the 
fasting level. The seven aAmilable observations at the end of the fourth hour 
gave 76.4, or a drop of 5 per cent beloAV fasting level. The tAvo fifth-hour 
observations averaged 70, or 13 per cent beloAA^ fasting level. 























HYPEEBILIRUBINE^^IIA FOLLOWING AD^^IINISTRATION 
OF SULFONAMIDES* 


A. Caxtarow, !M.D., an'd C. W. Wirts, !M.D.| 
Pinr^ADKLPHiA, Pa. 


T ]IE present report is eoncerneci with the oeenrrence of hyperhiliruiiinemia 
and other evidence of hepatic functional impairment during or after ad- 
ministration of sulfonamide compounds to twenty patients. 

COJI5IEXT 

The pertinent data are presented in the table, \isible icterus wa.s absent 
in six instances (Cases 1, 4, 12, 14, 15, 19). Total and direct-reacting bilirubin 
was determined by the method of Jlalloy and Evelyn.’ The existence of hyper- 
bilirubinemia was first noted one to seven days after institution of .sulfonamide 
therapy, after administi’ation of 6 to 24 Gm. of the drug, and with blood 
sulfonamide concentrations of 4 to 14 mg. per 100 c.c. Recovery occurred in 
every ease. 

It is generally stated that hepatocellular damage occurs not infi’equently 
during administration of sulfanilamide,-'* seldom rnth sulfapjTidine,* and rarely 
with sulfathiazole,* while it has not been observed follouing the use of sulfa- 
diazine.*’ ’* In the present series, evidence of hepatic functional impairment, 
other than hj'perbilirubinemia and excessive tirobilinuria, was demonstrated in 
Cases 2, 6 (sulfanilamide), 10, 11, 13 (.sulfathiazole), 15, 16 (sulfapyridine), 17, 
18, and 20 (sulfadiazine). In Case 7 the hyperbilirubinemia was probably 
fundamentally of hemolytic origin, as suggested by the absence of hromsulfalein 
retention, the anemia, and the relatively low proportion of direct-reacting 
bilirubin in the serum. The same may be time of Cases 4 and 19. In Cases 1 
and 2, 4 Gm. of sulfanilamide was placed in the peritoneum at the time of 
operation. It has been shown* that additional sulfonamide therapy following 
this procedure enhances the possibility of development of hepatitis. Because 
of the occasional development of hyperbilirubinemia and other evidence of 
hepatic functional impairment in patients with peritonitis and pneumococcus 
pneumonia, their occurrence in Cases 1, 3, 12, 19, and 20 cannot be attributed 
definitely to the effect of the sulfonamides. 

COXCLUSIOXS 

These data indicate that hyperbilirubinemia and other evidence of hepato- 
cellular damage may occur during the course of administration of sulfadiazine 
as sulfathiazole, sulfapyridine, and sulfanilamide. Routine determina- 

T ‘D*™ me Departments of Medicine and Physiology-, Jefferson Medieal 

Ijxboratory of Biochemistry. Jefferson Hospital. Philadelphia. ^ifedical College and the 

tRo.-iS V. Patterson Fellow in Gastroenterology. 

Received for puhllcatlon, July 13. 1942. 
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as outlined by Bliss and ;^^al•ks.® The variance ascribable to difi'crcnces in 
patients ivas about 25 pei- cent of the total. This points to the nece.ssity of 
using a considerable number of patients and einpha.sizes the wisdom of having 
each patient serve as his own control. The “t’' value of (i..S05 (P ■= <0.001) 
again shows that dextrins were significantly more effective in raising the blood 
sugar level than was dextrose. 

It is impossible to state with certainty the reason for dextrin causing a 
higher and more prolonged ri.se in the blood .sugar level than with dextro.se 
itself. It is generally held that dextrins in the intestine undergo enzymic 
hydrolysis to maltose and then to dextro.se. which is absorbed in the u.sual 
manner. The time factor of this hydrolysis may be the rea.son for the pro- 
longed rise of blood dextrose after dextrin. Two other po.ssibilitie.s also pre- 
.sent themselves: belter ab.sor])tion of the dexlro.se derived from de.xtrin, or 
a slower .storage of the de.xlro.se as glycogen by liver and muscle, although no 
evidence exists as to why such dextro.se .should behave difTerent from pure 
dextrose. It is also recognized that the dextrins may on hydrolysis yield .some 
slowly metabolized reducing sub.stance which could react with the Shafrer- 
.Somogyi reagents. No information is available on this point. 

SC.MMAKY .\NI) CONCLU.SION.S 

1. Twenty-three ])atient.s with chronic ulcerative colitis were studied as to 
the oral dextrose and oral dextrin tolerance tests. 

2. One hour after dextro.se admini.stration the true blood dextrose had ri.sen 
42 per cent over the average fasting level while after the dextrin administration 
the blood dextrose had in the same time inerea.sed 70 per cent. 

3. Two hours after dextrose the blood dextrose level was 7 per cent above 
the fasting level while the level in the dextrin group was 21 per cent above the 
fa.sting level. 

4. Three hours after dextrose the blood dextro.se level was 10 per cent 
below the fasting level while in the dextrin group it was G per cent above the 
fasting level. 

5. A dextrin preparation maintained significantly higher blood dextrose 
levels for three hours than did dextro.se in a group of patients witli chronic 
ulcerative colitis. These findings have led to the assumption that in the pa- 
tients studied dextrin was better absorbed from the intestine than was dextrose. 
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LABORATORY METHODS 


QENERAL 


A STUDY OF THE PHENOMENON OF BRYTHKOCYTE 
SEDIMENTATION** 


lY. Venous Stasis, Delay, Temperature of Sajiple, Containers, Agitation, 
AND Quantity of Formed Elements as Sources of Technical Variations 


Roy E. Nichols, B.V.Sc., M.Sc., PH.D.,t Lafayette, Ind. 


I N PREVIOUS publications a critical survey of considerable literature,^ choice 
of a reliable technique for the measurement of sedimentation,^ and evidence 
substantiating my choice of the kind and quantity of anticoagulant ivere pre- 
sented. It is the purpose of this paper to discuss additional sources of tech- 
nical variation and evidence of their control. 

Free flow of blood without venous sta.sis cannot he accomplished in the 
horse unless a large enough needle is employed — at least a No. 10 gauge needle, 
or better yet, a fair-sized cannula. Repeated bleeding with a needle of this 
size creates considerable damage and is not ad%ased. In lieu of the use of a 
large needle, a sample can be taken ivith a syringe (50 c.c. glass) and a smaller 
needle (No. 15 gauge 2 inch) in such a way that the effects of venous stasis can 
be avoided. Proof of this statement lies in the material which follows. 

Five collecting vials, each containing the same kind and amount of anti- 
coagulant, were filled to the 10 c.c. mark from the 15 gauge 2 inch needle in- 
serted in the jugular vein. Venous pressure was continuous throughout the 
fillings and was accomplished by thumb pressure 5 to 6 inches below the needle 
and in degree was sufficient only to allow blood to imn from the needle. Samples 
were allowed to settle in the vials at room temperature and then were shaken 
mechanically in a uniform manner, A Wintrobe tube was filled from each vial 
and placed in a rack to insure its perpendicularity. Results ivere : 


Aliquot No. 




1 

26 mm. 

15-20 min. 

30" 30' 

2 

20 mm. 


37° 20' 

3 

18 mm. 

10-15 min. 

40° 20' 

4 

19 mm. 

15-20 min. 

39° 40' 

5 

24 mm. 

15-20 min. 

32° 20' 


T,„ . .?■ thesis presented in partial fuinUment of the requirements for the dein-ee ol 

Doctor of Philosophy in the Graduate School of the Ohio State University, June, 1941. e oi 
■tComparatlve Physiologist, Department of Yeterinarj- Science, Purdue University. 

Received for publication, April 3, 1942. 
tDc^nitCons; 

and flvc-mlnute descent in millimeters of the line of demarcation between celli 

tM5 = Times in minutes between which ^Is occur*; Sinrp xvith 
U-chnTqSe.^*' equivalent of 3 mm., this time-distance ratio Is r^Lined^ 

lar sii!“aFd V"?e'^m1!iS?ef '>hving r. as the perpendiou- 
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tioDs of scrum bilirubin conecnl ration and tests of bepatic function would 
probably reveal a much higher incidence of hepatic functional impairment than 
has been reported heretofore following use of these agents. 
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KUYTHKOCYTK SKOIMKNTATION* 


T ( 


Another example; 


Aliquot No. 

1 

2 

3 

4 

5 


18 mni. 
18 mm. 
15 mm. 
18 mm. 
18 mm. 


hu 

20-23 min. 
13-20 min. 
20-25 min. 
20-25 min. 
13-20 min. 


z-" 



40° 

10' 

39 

40° 

10' 

38,3 

45° 


39% 

40° 

10' 

39% 

40° 

10' 

38% 


This method is an improvement over continuous application of the thumb, 
but it still does not yield as comparable results as the technique ivith no stasis. 
In other words, if no thumb pressure is applied, except just enough to raise 
the vein to insert the needle, and if, after a moment’s hesitation to allow free 
flow through the vein, a single sample is draAmi into a clean dry glass .syiinge, 
and if five 10 c.c. aliquots are immediately supplied from the syringe, then 
results of determinations of IL, t-;^j , and as also photographed eun es 

of sedimentation from these alifiuots will be comparable, for example: 


Aliquot No. 





1 

24 mm. 

15-20 min. 

32° 30' 

34.5 

2 

23 mm. 

13-20 min. 

33° 30' 

34.5 

3 

24 mm. 

15-20 min. 

32° 30' 

35,0 

4 

23 mm. 

15-20 min. 

31° 20' 

34.0 

D 

25 mm. 

15-20 min. 

31° 20' 

34.3 

This evidence, which may be repeated at wiU 

, is convincing 

enough to me 

that stasis of the vein at the time of withdrawal of a blood sample for the 

measurement of sedimentation should lie avoided. 



Belay.- 

-Next let us consider the effects of delay in starting 

measurement 

foUotving bleeding. Fig. 1, derived from three-paired samples, taken from one 

bleeding is 

typical of results. 

The oxalate mixture of Heller and PauF was 

the anticoagulant used. 




Ex. No. 

Time after bleediug 

eraf 

^em 


1 

60 min. 

28 mm. 

12.8 min. 

23° 00' 

2 

60 min. 

28 mm. 

11.8 min. 

22° 30' 

3 

114 min. 

30 mm. 

11.8 min. 

24° 40' 

4 

114 min. 

29 mm. 

11.0 min. 

24° 10' 

5 

139 min. 

20 mm 

10.3 min. 

31° 30' 

6 

139 min. 

21 min. 

11.0 min. 

31° 10' 

Ex. No, 




v% 

1 

28 mm. 

10-13 min. 

28° 30' 

31 

2 

29 mm. 

10-15 min. 

27° 40' 

32 

O 

o 

28 mm. 

10-15 min. 

2S° 30' 

30.7 

4 

29 mm. 

10-15 min. 

27° 40' 

31 

5 

19 mm. 

10-15 min. 

38° 50' 

31 

0 

21 mm. 

10-15 min. 

36° 00' 

30.7 


•V7c = Volume per cent of packed cells. 

1 perpendicular distance from the estimated point of change between the ver 

horizonmi flexion of the photographicallj- recorded sifrmoid cum-e of sedin^en' 
tation of a .sample and the top line of the photograph representing lOfi mm of hlena 
heiglit. i.e.. estimated ••fall" in millimeters at the point of change. ^ ^ column 

.. . Um = Time in minutes between the time of flliing of the Wintrobe t.mo 

that the point of change between the vertical flexion and horizonti flexion of ® 

cally recorded .sigmoid cum-e of sedimentation of a sample oc"u?s (one m“nutl 

/Ic^The least angle between the steepest slope of the sigmoid cn-o oc 
a s.ampie and perpc-ndlcularity. i e oi me sigmoid cune of sedimentation of 
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Aliquot No. 




1 

19 mm. 

lO-lS min. 

39° 40’ 

O 

21 mm. 

15-20 min. 

3G° 00' 

«■) 

I."! mm. 

20-25 min. 

45° 00' 

4 

IG Jiini. 

10-15 min. 

14° 30’ 

5 

17 mm. 

15.20 min. 

41° 20’ 





Fig. 1. 


To show what hni^pens when the tluxmb is removed after filling each col- 
lecting vial and is reapplied before filling the next ; 


Aliquot No. 

1 

2 

3 

4 

5 


Ah 


/® 

at. 

22 mm. 

15-20 min. 

34° 40’ 

23 mm. 

15-20 min. 

33° 30' 

26 mm. 

10-15 min. 

30° 20’ 

22 mm. 

10-15 min. 

34° 40 

23 mm. 

10-15 min. 

33° 30’ 
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'With the temperatvn-es tested the sedimentation rate increases as tem- 
peratnre vises. As yet no evidence has appeared to convince me that i)ody 
temperature has any advantage over room temperatnre, or vice versa. "Xo 
attempt has been made to demon.strate any mathematical relationship heUveen 
temperature and sedimentation, although the possibility of such may exist. 

Containers.— The reproducibility of the following tnbc.s was tc.sted : 

Blood column — 100 x 3 mm. : 


Aliquot No. 





v% 

1 

18 mm. 

20-25 min. 


40 20' 

S9.3 

2 

IS mm. 



40“ 20' 

39.3 

3 

18 mm. 

15-20 min. 


40“ 20' 

39.5 

i 

17 mm. 

15-20 min. 


42“ 00' 

39 

5 

IS mm. 

15-20 min. 


40“ 20’ 

39 

Blood column— 

-200 X 3 mm. : 





Aliquot No. 






1 

29 mm. 


15-20 min. 

27“ 40' 

2 

SO mm. 


15-20 min. 

27” 00' 

3 

28 mm. 


10-15 mjn. 

28“ 30' 

4 

28 mm. 


10-15 min. 

28” 30' 

0 

27 mm. 


1 15-20™*”- 

29“ 20' 

Blood column- 

-100 X 6 mm. : 





Aliquot No. 






1 

16 mm. 


20-25 min. 

43“ 40' 

2 

16 mm. 


25-30 min. 

43“ 40' 

3 

17 mm. 


25-30 min. 

42“ 00' 

4 

16 mm. 


20-25 min. 

43” 40’ 

5 

16 mm. 


20-25 min. 

43“ 40' 

Blood column- 

—200 X 2 mm, : 





Aliquot No. 






1 

6 mm. 



30-35 min. 

67“ 10’ 

2 

18 mm. 


i 

1 25-30 
[30-35™***- 

40“ 20' 




1 

[20-25 


3 

19 mm. 


1 

25-30 min. 

[30-35 

38“ 50' 

4 

19 mm. 



25-30 mia. 

38“ 50' 

5 

14 mm. 



30-33 min. 

46” 10' 


Another example of 200 x 2 mm. : 


Aliquot No. 


1 23 mm. 

2 15.5 mm. 

3 24 mm, 

■i 23 mm, 

5 21 ram. 


% 


10-15 

15-20 “***• 

33“ 40' 

40-45 rain. 

44” 30' 

20-25 min. 

32“ 30' 

20-25 min. 

33“ 40' 

20-25 min. 

36“ 00' 


As can be seen all have fair reproducibility except the 200 x 2 mm 
columns. Even with many efforts to fill uniformly these tubes, erratic results 
ensued. Despite these efforts I still feel that it is more reasonable to beUeve 
that variations are in a large part the result of discrepancies in tube fiUinn 
and not of capillarity in a 2 mm. tube. Horse blood nill not flow froT^n 
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The I'ollowins is an cxainjilc Avherc ])olnssiuin oxalalo alone is used as an anti- 
coagulant (Fig. 2), Approximately a iiinely-niimito interval exists between 
Example 1 and Example 2, both of which are from the same sam])lc of blood. 


Ex. Xo. 

cm 


’em 


^ g 

1 

!27 inin. 


] 1.0 min. 


20° 50' 

o 

S mm. 


l).ri min. 


(■.t)° 20' 

Ex. No. 

M, 

'm. 



V'Jf 

1 

25) inm. 

r>-t0 min. 


27° -10' 

•10.7 

O 

S mm. 

.o-tn min. 


71° 10' 

5(0.7 


There ai)pears to be a slowing of the rate of .s(>paration as time ]»rogre.sse.s. 
I’lxamination ol many samjiles suggests that with the ammonitnii and pota.ssiuia 
oxalate mixture of Heller and Haul there may l)e a sliglP increase in rate ])ro- 
eeding the slowing etl'eet. However, tests run wit Inn a]>])roximateIy two horn's 
yield fairly comparable results with this anticoagulant mixture. Witlv some 
anticoagulants, particularly potassiinn oxalate, the efl’eets of delay are apparently 
more pronounced and seemingly the more anticoagiilaiit tised the sooner slowing 
takes place. 



Fig. 2. 

Tcmpcrainrc : — Jlultiplc determinations of rales at almost any single tem- 
perature are repeatable, but in the interest of standardization one should 
obviously not attempt comparison of samples at widely difterent temperatures. 
For example: 


Aliquot 

No. 

Temperature 





v% 

1 

3S° C. 

29 

mm. 

10-15 

min. 

27° 30' 

36.5 

2 

38° C. 

30 

mm. 

10-15 

min. 

27° 00' 

36.0 

3 

26° C. 

22 

mm. 

10-15 

min. 

34° 40' 

37 

4 

26° C. 

22 

mm. 

15-20 

min. 

34° 40' 

36.7 

5 

6° C. 

3 

mm. 

85-100 min. 

78° 20' 

37-^ 

G 

6° C. 

2, 

.5 mm. 

75-80 

min. 

80° 10' 

37.3 
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With the temperatures tested the sedimentation rate increases as tem- 
perature rises. As yet no evidence has appeared to convince me that body 
tempei'atnre has anj' advantage over room temperature, or vice versa. No 
attempt has been made to demonstrate any mathematical relation.ship between 
temperature and sedimentation, although the possibility of such may exi.st. 

Contain c)-s.~The reproducibility of the following tubes was tested : 

Blood column — ^100 x 3 mm. ; 


Aliquot jSTo. 




y% 

1 

18 mm. 

20-25 min. 

40° 20' 

39.3 

2 

IS mm. 

115-20 
120-25 ’ • 

40° 20' 

39.3 

3 

18 mm. 

15-20 min. 

40° 20' 

39.5 

4 

17 mm. 

15-20 min. 

42° 00' 

39 

5 

18 mm. 

15-20 min. 

40° 20' 

39 

Blood eoluTun- 

-200 X 3 mm. ; 




Aliquot JTo, 

M* 




1 

29 mm. 


15-20 min. 

27° 40' 

2 

30 mm. 


15-20 min. 

27° 00' 

3 

28 mm. 


10-15 min. 

28° 30' 

i 

28 mm. 


10-15 min. 

28° 30' 

S 

27 mm. 


{l5-20®'"- 

29° 20' 

Blood column- 

—100 X 6 mm. : 




Aliquot Ko. 

Mj 




1 

16 nun. 


20-25 min. 

43° 40' 

2 

16 mm. 


25-30 min. 

43° 40' 

3 

17 mm. 


25-30 min. 

42° 00' 

4 

16 mm. 


20-25 min. 

43° 40' 

5 

16 mm. 


20-25 min. 

43° 40' 


Blood column — ^200 x 2 mm, : 


Aliquot Ko. 

1 

2 

3 

4 
0 

Another example 


M. 

6 mm. 

18 mm. 

19 mm. 

19 mm. 

14 mm. 

of 200 X 2 mm. : 


t 




30-3S min. 
25-30 . 

30 - 35 “^“- 
20-25 
25-30 min. 
30-35 


25-30 min. 
30-35 min. 


JJ.3 

67° 10’ 
40° 20' 


38° 50' 

38° 50' 
46° 10' 


Aliquot Xo. 


Ms 


23 mm. 

15.5 mm. 

24 mm. 
23 mm, 
21 mm. 




10-15 . 

15-20 

33° 40' 

40-45 min. 

44° 30' 

20-23 min. 

32° 30' 

20-25 min. 

33° 40' 

20-25 min. 

36° 00' 


As can be seen all liave fair reproducibility except the 200 x 2 mm 
columns. Even udth many efforts to fill uniformly these tubes, erratic results 
ensued. Despite these efforts I still feel that it is more reasonable to believe 
that variations are in a large part the result of discrepancies in tube fillin- 
and not of capillarity m a 2 mm. tube. Horse blood will not flow from an 
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hivovlccl 0 inin. lubo :uul .seldom from a (! mm, lube, yel witli ihese bores 
replicalioii i.s possible. Why the difi'ereiiee? Of course, -with the 200 mm. tiihe.s 
louper needles had to be employed for filliiip. Since lliese needles are Xo. Hi 
}raue:e and their outer diameter is 1-; mm., they lu'arly oeelude the 2 -mm. bore. 
In the necessary manipulation of the lilliut: ol' the tube with a needle of this 
size, in all ])robability disturbance to the lilood is jrrealer in some tiilinfis than 
in others, resultin'! in more complete brealciu}! up of clumps of cells. Since 
the same )ieed)es can ))e used foi' fillin'! larfrer horf* t)ibes and replicate re.sults 
ensue, it is lhou<!ht that they are not in fault. Smaller here needle.s, thou-'Ii 
they too ofTer disadvantages from an a<rilation standpoint, will have to he tried. 

Xext a comparison of 100 x O mm. and 200 >: !5 mm. columns was made on 
alicpiots of the same sample of Idood. Ail tubes were filled with No. Ki "am^o 
.11 inch needles: 


Blood column — 100 x 0 mm.; 


Aliquot No. 

Ah 

'm, 

-M, 

1 

U) mm. 

20-2.j min. 

•i:!° 40' 

O 

15 mm. 

20-2.5 min. 

45° 00' 

.3 

17 mm. 

25-.30 min. 

42° 00' 

Blood eolumn — 200 > 

3 mm.; 



Aliquot No. 

Ml 

'Ml 

M. 

4 

20 mm. 

(20-2.1 . 
i25.:!0 

.'!7° 30' 

o 

22 mm. 

20-25 min. 

,34° 5(1' 

0 

21 imu. 

20-25 min. 

30° 10' 


Vouv 200 

X 3 mm. tuhc.s irore 

filled to (liffereni JeveJ.s; 



Aliquot 

Column 

\r 





No. 

lioiglit 

•*'5 

Ms 

Ml 

""MA 

^M; 

1 

200 mm. 

22.5 mm. 

20-25 min. 

.34° 00' 

11.25 mm. 

52° 20' 

o 

150 mm. 

18.5 mm. 

30-1.5 min. 

.30° 30’ 

12.3 Him. 

40° 50' 

3 

100 mm. 

24 mm. 

10-15 min. 

32° 30' 

24 . mm. 

.32° .30’ 

4 

50 mm. 

1.3 mm. 

5-10 min. 

4.S° 30’ 

20 mill. 

30° 20' 


As can be seen by examination of these trends the actual maximum five- 
minute drop in the line of demarcation between cells and plasma is jrreatcr in 
200 mm. columns than in 100 mm. Results in tubes of like bore filled to foui' 
dift'erent levels sn{!gc.st that ^f- may be less and less as the height of the column 
is decreased. 

If, however, one were to reduce the actually obtained values of to a 
percentage basis, then values of %yi. ai-e not ecpial hut increase as the column 

height dccrease.s — additional indication that there is not a simple arithmetical 
relationship between column height and maximum drop. Attempts to demon- 
strate some other type of mathematical relationship will have to he left for 
future work— such a relationship theoretically might exist. 

For an example of comparison of like columns of different diameter: 


Blood column — 100 x 3 mm. ; 


Aliquot No. Ms 

1 15 inni. 

2 15 mm. 

3 17 mm. 


hu 

25-30 min. 
20-25 min. 
20-25 min. 


•9fc Mj equals AU reduced to a percentage basis. 


45° 00' 
45° 00' 
42° 00' 
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Blood column — 100 x 6 mm. : 

4 1(5.5 mm. 

5 1(5.5 mm. 

G 17 nim. 


20-25 min. IS" 50’ 

20-25 min. -12° 50' 

20-2-5 min. 12° 00 


Results are close. 

As examples of the effects of deviations from pei'peudiculai itj . 


Angles U, 

1 90° 24 mm. 

2 S0° 51 mm. 

1 90° 21 mm. 

2 80° 28 mm. 




y'/c 

10-15 min. 

5-10 min. 

32° 30' 

26° 

34.7 

34.3 

15-20 min, 
10-15 min. 

36° 10' 

28° 30' 

38.00' 

38.00' 


Five-minute readings for the angulated tubes Avere read directly from the 
graduations of the tubes. Little calculation is necessary to .shoM' that de.spite 
this, values of Id; are greater than those of the coiTe.sponding perpendicular 
tubes. 

To summarize, longer columns yield greater actual values of Jf-. if; 
is not directly proportional to column height, for when values of are re- 
duced to percentage drops, these are greater in shorter columns. There is ap- 
parently no significant difference between columns of 3 mm. diameter and 
columns of 6 mm. diameter. Two millimeter columns .should he avoided. Small 
deviations from perpendievdarity are apparently sources of discrepancy. 

Shaking. —As one may have noticed in the renew of literature on agitation 
prior to starting measurement of sedimentation,^ too little stre-ss has been placed 
upon the necessity of uniform dispei’sion of elements before measurement is 
begun. It was first reasoned that, if multiple aliquots from the same sample 
of blood were shaken to a point where they would yield fairly close values 
of volume per cent, their sedimentation rates should agree. The fallacy of 
such reasoning was soon clearly demon.sti’ated. Such reasoning would apply 
to a simple sedimenting system where the dispersed elements remain discrete, 
but not to blood in which the phenomena of rouleaux formation and agglutina- 
tion take place, and more especially not to blood in which this aggregating 
tendency is very pronounced, as is the case with horse blood. It has been 
reported that no aggregation occurs intravaseularly in healthy human beings 
hut .such has not been reported in healthy horses. In fact, Fahraeu.s° .states 
that close examination of the finer vessels of the mesentery of the horse reveals 
that the corpuscles are so strongly aggregated that they do not separate during 
flowing. No .su.spension exists. The erythrocytes flow as a compact .stream in 
the middle of the vessel, and only when the stream is slowed by pressure on 
the supplying arteries does this string show granulated outlines and finally 
break to pieces. Whether Fahraeus’ observation can be classed as evidence 
tliat a eei-tain degree of aggregation occurs intravaseularly in the healthy hor.se 
is certainly debatable. The very removal of mesentery from the abdominal 
cavity for examination may have in itself caused a certain degree of slowino- 
in the vessels, this favoring rouleainx formation. iMore especially might thb 
be true since the aggregating tendency is naturally very great in hor.se blood. 

The problem of obtaining a uniform suspension of elements, whether .singu- 
lar. rouleaux, or aggregates of rouleaux, has been indeed a difficult one Xatu 
rally, the first method attempted con.si.sted of filling tubes as soon as possible 
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after l)leodin{?, the aliquots luuiifr agitated by baud until the samidcs for fillinf: 
the AVintrobo tubes were di-awu. Such 3 'iclded erratic results. 

The next method tried eousisted of allowing the collcetiug vials to set 
until separation was fairl.v eomi>letc, usually ten to twenty-five minutes, and 
then shaking them as uniform!}' as possible by hand. This method was not 
dependable. 


Aliquot No. 





1 

21 iiviu. 

l,'>-20 min. 

.'too o;r 

35- 

O 

24 mm. 

13-20 min. 

.•te” 30' 

3'y* 


23..1 mm. 

m min. 

33'’ 00' 

35 


Striking the collecting vial upon a rigid surface only created more incom- 
parable rc.sults: 


Aliquot No. 


‘m. 



1 

20.5 mm. 

10-15 min. 

30'’ -10' 

35 

<» 

21 mm. 

5-10 min. 

.'tO" 00' 

35-^ 


15 mni. 

10-1.5 min. 

■15'= 00' 

35 


In face of erratic results with manual agitation, mechanical means were 
attempted. Several styles of mechanical agitators were constructed and tried. 
Finally, one was built- with a vial holder suspended from four T'lfj inch spring 
steel arms. This was driven in such a way as to yield a % inch path of motion 
over an arc of 7% inch radius, yet, since four arms were used, the vial re- 
mained in a perpendicular position. The fact that the ends of the stroke were 
slightly higher than the center of the arc is thought to be an added assistance 
in overcoming the effects of the force of gravity (which theoretically is ever 
present and must be counteracted before dispersion can take place). When the 
path of the arc was more shallow (12 inch radius), layering ctfccts were fre- 
quently encountered. At present the speed is 564 strokes per minute. It is felt 
that since fairly comparable results can usually be obtained wlien tubes are 
filled from different heights of replicate aliquots of the same sample of blood, 
in all probability this agitator is at least practically sufficient. 


Aliquot 

No. 

Height 

yi. 




1 

% 

19 mm. 

20-25 min. 

38° 50' 

41.7 

2 

Vj 

is mm. 

20-25 min. 

40° 20' 

42 

3 

Vi 

17 ram. 

20-25 min. 

42° 00' 

41.7 

4 

0 

19 mm. 

20-25 min. 

38° 50' 

42 


Additional evidence of its efficiency is noted when five AVintrobe tubes are 
filled from the bottom of the same 10 c.c. sample ; 


Tube No. 

1 

2 

3 

4 

5 


Ileigbt 



‘m. 



1 6 mm. 

20-25 min. 

43° 40' 

38 

10 mm. 

20-25 min. 

43° 40' 

38 

38.3 

16 mm. 

15-20 rain. 

43° 40' 

17 mm. 

15-20 min. 

42'’ 00' 

38+ 

16 mm. 

15-20 Inin. 

43° 40' 

38+ 

examples were 

from samples which 

were allowed 

to settle 


each sample was shaken for fifteen minutes by placing the collecting viais into 
the shaker one minute apart and filling the tubes one minute apart. 
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The first attempts at arm-tag at a sate time of mcel.aitieal agitottau for 
samples immediately placed in the shaker yielded results slioitn in Fig. 3. 
Data from these examples; 


Ex, Eo. 

1 

2 

3 

i 

3 


Time sliook 

2 min. 

3 min. 

3.5 min, 

4.5 min, 

5.5 min. 


em 

31 mm. 
29 mm. 
29 mm. 
2C mm. 
23 mm. 


^'em 

10.3 min. 

9.3 min. 

5.3 min. 
7 min. 
7 min. 


22 ° 10 ' 
20 ° 00 ' 
17° 50' 
21° 30' 
17° 30' 


Ex. No. 

1 

2 

3 

4 

5 


27 mm. 
29 mm. 
33 mm. 
33 mm. 
39 mm. 




v% 

5-10 min. 

29° 20' 

31.8 

5-10 min. 

27° 20' 

31.8 

5-10 min. 

24° 40' 

31 

5-10 min. 

23° 20' 

31 

5-10 min. 

21° 10' 

31.3 


As can he seen, five and one-half minutes at a speed of about 600 strokes 
per minute vas apparently not sufficient to reduce aggregated elements to at 
least minimum size. 

To determine xvhether results might he comparable if samples were dra^vn, 
immediately placed in the shaker, and agitated for fifteen minutes : 


-Yliquot No. 



^ Ik 


1 

17 mm. 

25-30 min. 

42° 00' 

44 

2 

16 mm. 

20-25 min. 

43° 40' 

43.5 

3 

13 mm. 

20-25 min. 

48° 20' 

44 

4 

20 mm. 

25-30 min. 

37° 20' 

44 

0 

20 mm. 

25-30 min. 

37° 20' 

43.5 


Results were still too variable. 


If samples 
minutes ; 

were immediately placed in 

the shaker and 

agitated for forty 

Aliquot No. 

Ms 




1 

23.5 mm. 

10-15 min. 

33° 00' 

37- 

2 

23.5 ram. 

10-15 min. 

33° 00' 

36.3 

O 

o 

22 mm. 

15-20 min. 

34° 40’ 

36.7 

4 

23.5 mm. 

10-15 min. 

33° 00' 

36.5 

5 

23.5 mm. 

10-15 min. 

33° 00' 

36+ 


Results agree very well. 

Apparently a certain amount of aggregation takes place even during shak- 
ing, and apparently a certain amount of time followdng bleeding must pass 
before agreeable replicate values can be obtained. From a practical stand- 
point, if equally as good results can be obtained by allowing the blood to sepa- 
rate before agitation as by prolonged agitation, the logical choice is to aUow 
settling to take place first. There is additional experience in favor of this 
choice. In samples of very slow blood, agitation, if commenced immediately 
after bleeding, must be continued longer than in samples from fast blood. In 
slow blood one is always reasonably doubtful about reaching that phase of 
agitation where replication is possible. Where slow blood is allowed to settle 
first, in no case so far has there been evidence to .suggest that agitation for 
fifteen minutes was insufficient. 

It was first thought that if blood was allowed to separate first, speed alone 
might bring about uniformity of .suspension. Blood was allowed to settle and 



Piff. 3. 


Results were similar to ; 


Aliquot Tinie Shaken Ms 

No. 

1 1 min. 12 mm. 

2 5 min. Ki mm. 

^ 10 min. IS ram. 

i 15 min. 10 mm. 




V 

15-20 min. 

50° 30’ 

42 V. 

30-35 min. 

43° 40' 

43-" 

20-25 niin. 

42° 40' 

42- 

20-25 min. 

3S° 40' 

42 V. 
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Shaking for thirty minutes after the samples have lieeii allon-ed to separate 
yields no more coinparahle figures than shaking for fifteen minutes. In more 
rapid .samples shaking for five minutes Avill yield comparable values, but I 
have greater confidence in fifteen minutes as a routine shaking time. 

It ^s'as earlier mentioned^ that variations in ti.„, and the limits of t^j mere 

encountered even mhen values of cm and Ivlj rvere not far off. \ olume percent- 
ages mere rvithin narrom limits, to-to*' Avas carefully established, and all calcula- 
tions and measurements mere checked. At first it mas thought that the mechani- 
cal agitation mas at fault. Since at no time has it been possible to demonstrate 
microscopically that settled blood can be separated by agitation to a state of 
single cells — ^liecause rouleaux formation is so rapid in the equine species that 
.shed blood no matter horn quickly examined after bleeding cannot be found 
mithout agglutination — ^no definite proof of the efficacy of any type of 
agitation ha.s been possible as yet. ileans other than the microscope Avill have 
to he used, 

Homever, since mith some methods of filling the measuring tubes veiy 
close results rvere obtained while mith others results rvere not so close, it Avas 
reasoned that in all probability the mechanical agitation merely reduced the 
solid elements to a certain degree of dispersion but not to the discrete .state 
and that methods of filling measuring tubes Avere at fault. The early practice 
of removing the eolleetiug vial from the shaker before Avithdramal of blood for 
filling the measuring tube Avas stopped, and in its place Avas substituted the 
practice of mithdraAving blood from the A'ial AA-hile the shaker Avas in motion, 
this being possible because of the short stroke of the apparatus. In addition 
to this, syringes attached to blunt No. 18 gauge 41/2 inch needles A\’ere used in 
place of the earlier used glass pipettes furnished Avith the Wintrobe tubes, the 
latter being very .subject to breakage Avhen inserted into the moving vial. 
Kesults Avere no better. 


Next it Avas reasoned that the suction of draAving the blood into a syringe 
(used earlier in the course of this problem) and the pressure necessary for its 
expulsion into a tube Avere probably in reality means of agitation in them- 
selves; and if no uniformity existed in this practice, they miglit be re.sponsible 
for some of the discrepancies observed. It mas further reasoned that if this 
source of possible variation could he minimized, closer re.snlts Avould ensue. 
Since the hubs of these long-filling needles AA^ere round and fairly large, the 
rubber bulbs Avhich are furnished Avith the ’iVintrobe filling pipettes Avere at- 
tached and tried. Before trial these bulbs AA-ere selected as to volume and 


degree of firmness, and only those Avhick Avere comparable Avere employed. 
By using this equipment and placing more stre.ss on forming a uniform “habit” 
of filling tubes, closer results of em, tem, ^l-; and t^j- Avere obtained. 

The problem of t^^j has, lioAvever, not yet been completely solved, but a little 
reasoning reveals that since limits of t^j^ never pass beyond the next five-minute 
hrackets and siiAcc, even if the limits of are mithiii different brackets, in 
practice cm, t,„, ZN, iM, and may be very close, this discrepancy is not 
too ser ious. After all merely is a AA-ide range mithin mhich te„, lies. Usually 


•Thno of filling the tube. 



S6 


Tiir; .)oui!xaIj or labokatokv axd crAxiOAii mkdicin'i; 


if fo,„ is close to one or the other of Ihc Jiinifs of f^j in restiKs ^diere (here is 
viiviation in . it will l)e in (lie direclioii of (..,„■ where two readings of 

i\L, are close, 1,.,,, usually lies nearer the middle of Ihcse five-mimUe limits. In 
eases where 31. lies between both five-ininiile liniil.s, ns it frefiuenlly docs, 
in most eases lies closer 1o (he (tenter five ininutc lime. Since in practice is 
usually not. afl'ected more than one minute, and rarely two nn'nut(;s or more, and 
since in all probability in the i>ho(o"raphie technique and in (he “field” 
technique are better c.stimates of the .s])e(‘d of settling than values of either 
Icm^ or 1 t, this deviation in t.^j is thought not .serious. Also since, if t™ 

happens to he close to one or the other of the limits of t^p , small variations 
in tom may be sufficient to change the limits of t^p in replicate .sampling 
variations in values of tj^j , ai)i)arcntly due to discrepancies in filling the 

measuring tubes, are not considered of distracting value. 

Since replicate results agree very closely with the ])rcviou.sly described 
technique of agitation and tube filling, this method is thought to he fairly 
dependable. 

Volume Per Cent and Srdhncnlaliott . — Now comes a i)ha.se of this work 
which is indeed inlcirstiug and which I feel cannot be aiiswercd in a thesis 
purclj' on technique, but it. might be in a problem of “apparently normal 
ranges.’’ What is the relationship bctwtmn the quantity of formed material 
and the rate at which this material .separates out? Since it is quite miivei^ally 
recognized that the cells do not .settle di.scretoly, what cn’ccl. does the quantity 
of formed elements have upon rouleaux formation and agglutination ? 

Kouleaux formation has been .said to be merely a tyi)e of agglutination in 
which the cells, because of their sirecific shai>e, take on a nummular apj)earance, 
other physical factors np])arcn(ly being similar. Is such unreasonable? 
Kouleaux, as observed microscopically, are .said to attain a certain avei-age 
length and from thence on agglutination is of roulcau.x and not single cells. 
It has even been suggested’^ that agglutination continues until the whole nia.ss 
of cells seems to form a spongelike architecture. 

It has also been suggested by Balachowsky® that: 

1. Bed blood cells forming rouleaux and conglomerates constitute a net- 
work which is the .skeleton of the blood. 

2. Under the influences of weight and through a series of local depressions 
there occurs a general heaping of the blood skeleton on the bottom of the 
receptacle. 

3. This blood skeleton is not deprived of solidarity for (a) the configura- 
tion of a given portion may remain unchanged for a long period of time, (b) 
The free upper border of the bulk of the ciythrocytes preserves its shape for 
a long period, (c) There exists a force of resistance against the eollapse of 
the blood skeleton other than viscosity. 

4. The solidarity of the blood skeleton, being a function of the tonus of its 
constituents, is a new faetor denominated ‘hematonia. 


*Iem = An index 


tern X 3 


by 


tlM5 = An index calculated by dividing: the "falls" in millimeters between which Ms occurs 
their corresponding times X 3 (3 mm. = one minute). 
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Balacliowsky feels that sedimentation of ei-j'throcytes is not, as has been 
assmned, merely a simple phenomenon of sedimentation, but a more compli- 
cated reaction in n'hich the effects of heaping play an important part. For 
this reason, he would dominate the phenomenon as the sedieompilation of 
erythrocytes. 

If one closely watches a Wintrobe tube of horse blood, he can observe that 
the edges of the column of blood present a certain, ragged appearance, some- 
times even before much settling has taken place. Is it unreasonable to assume 
that this is part of the agglutination phenomenon and that this effect may be 
general throughout the column? Another common place that this may be 
observed is in the pipette of a Dare hemoglobinometer. The layer of blood is 
sufficiently thin for one to watch the gradual agglomeration and settling. 

Of course, one can observe a certain limitation to the size of rouleaux and 
clumps under a cover slip. The physical boundary of the blood column in one 
direction (height) is a matter of microns, and this in itself physically limits, 
to some extent at least, the degree of agglomeration. The dilution necessarj' 
to demonstrate rouleaux probably is in itself a limiting factor. However, 
cover-slip specimens of a sample of blood may show a certain limit to agglomer- 
ate size while tubes of the same sample may present evidence of mass agglom- 
eration. In other words, in samples examined under a cover slip, mass ag- 
glomeration is quite free in two dimensions, but somewhat limited in the third, 
while in tubes, agglomeration is practically unlimited in three dimensions, at 
least before mass collapse. 

Should it be said that the descent of the line of demarcation between cells 
and pla.sma represents a measure of size of agglutinates, or should it be said 
that the fail of this line of demarcation represents a measure of ma.ss aggluti- 
nation and mass collapse? 

As to the effect of the quantity of formed material, cannot one say that, 
being one of the factor's controlling the degree of agglutination as observed 
microscopically, it probably is one of the controlling factors of the degree of 
mass agglutination? Examinations of cover-slip preparations of various dilu- 
tions of cells and maximum five-minute falls on the same sample seem to 
substantiate this, as for example ; 


Original 

V% 

31= 

^31= 

.sample ; 
Volume 
altered 

43 

21.9 mm. 

10-15 min. 

to; 

48 

14 mm. 

10-15 min. 

( 1 

39 

25 mm. 

5-10 min. 

( < 

29.5 

48 mm. 

0-5 min. 

i ( 

20 

61 mm. 

0-5 min. 

i 1 

10.5 

72 mm. 

0-5 min. 




31 = 


40' 


46° 10' 
31° .30' 
17° 30' 
13° 50' 
11° 50' 


Since the degree of agglutination was too great to count rouleaux and 
e.stimate the number of cells per rouleaux, the blood of the same animal was 
diluted (with 0.9 per cent sodium chloride) so that such might be accompIi.shed 
As expected, the size and number of agglomerates diminished with dilution 
ne.xt the mze and number of rouleaux diminished, until finallv all sin<^le cells 
existed. Since the border of cells and plasma became more and more hazv the 
greater the dilution, actual estimations of iL were given up. 
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In dilutions sliowinp: Jnizy ])]asni;i, it will he noticed that that portion of 
the elements which does settle out rapidly gradually diminishes in vohmie as 
dihition increases, until finally the sus 7 )ension comes ai)parently to its maxi- 
mum stability. TJii.s “titer” eor/’es'pouds vouii}i}y iti /east to the point at 
which only sinjile cells are ohsei-ved in the eover-slij) j)rei)arations. 

As pui-cly a peneral observation there seems to be a concent rat i(»n of ele- 
ments in aj)))arently health^’ blood where the jjoint of ehantre in the simaoid 
curve routrhly numerically ef|uals the ])ereentafre volume of elements, namely, 
at about -V-V/;, jier cent or Hi, of the column hei.udit. 'I’he i)oint f)f chantre in 
“normal” samples is seemintrly le.ss than mm. ivhen the volimu' per cent 
is pre.'iter than .‘13/;;, and A’iee versa. Proof of this observation has not beoi 
attempted in this ]n'oblem nor has any attem))| been m:ide to i-elate mathemati- 
cally the point of ehanpe of curves of sedimentation ^ith volunu! ])ei’centa"es 
because it is thought that such must entail examination of many “normal” 
snniplos and their ad.iusfmenf to various eoncentrat ions — a task which 'ivoiihl 
in it.self entail more time and effort than can be afforded this thesis and could 
M'ell be includefl in a slud.v of 7iormals. Xe\ertheless, h’ahraeus' Jiiiist have 
been tbinkin[r of a .somewhat similar observation when he made this .statement; 
“In general the sinkiii”' velocity of the u])per eoriniscle layer is dindni.shed 
M’hen it has sunk Va>'d of the heipht of tJie blood column, i.e., in the tubes u.setl 
by me (PIO nuns.) wheit the line of demarcation has descended uO mms.” 

To theoi'ize, if a mathematical relationship can be proved to exist between 
the point of ehanfte of the sipmoid curve repi'esentin<r the descent of llie line 
of demarcation betweeti ec'lls and plasma and the jicreentafre volume of formed 
elements, then with this knowle<lpe. if the point of ehantre is not as exjieetcd 
for a particular percentag-e. its deviation from the expected might reflect alter- 
ations produced by factors other than the volume ])ei’eet)tape of (“lements. 
Such alterations might be estimated Avithout standardization of the quantit.A’ of 
formed elements for the i)arlieular .sam])le. .Such jio dotibl avouKI be an atl- 
vanfage. 

To summarize in a general Avay, avc seem to have least settling at dilutions 
Avhcrc cells are di.serete: a gradual increa.se in .settling of at lea.st a ])oi’tio7i of 
the cells (probably as 7'ouieaux or .s7nal! clumps) as dilution beco7nes le.ss; a 
point Avhc7'e 7naxi7num .speed of .sepa7'ation see7ns to oeei7r: the77 a g7'adual 
dec7'ease in scparalio7i speed (as deteiai7ined by the descei7t of the li7ie of 
dema7'catio77 betAvee7i cells and plasma) as eoneentra1io77 inc7'ca.se.s, tlie7‘e po.s- 
sibly being a 7nathe777atica] 7'elation befAA-ec77 tlic sloAving of the .speed of sepa7'a- 
tio 77 and the increase in eoneenti'ation. 
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BLOOD CLOT RETRACTION® 


I. ^IeASUREJIEXT of the ExTRACORPUSCUEAR OEL'ME OF THE CeOT 


P. M. Aggeeer, iLD., AXD S. P. Le'cev, M.D., Sax Francisco, Calif., and 
L. iiL Hawetx, SLA., Berkeley, Calif. 


D irect observation of the blood clot may reveal gross evidences of friabil- 
ity and deficient retraction. Hoivever, quantitative measurements are re- 
quired to compai’e reti'aetion of the blood clot of different patients, or of that 
of the same patient over a period of time. A method for e.stimating the degree 
of clot retraction, called the “serum volume index,” was introduced by Boyce 
and McPetridge.^ A quantity of blood, preferably 3 c.c., was collected in a 
graduated centrifuge tube and allowed to stand at room temperature. At the 
end of four hours the total volume of the specimen was noted, the clot was 
removed, and the residual volume of serum was recorded. In normal .subjects 
the volume of serum was .stated to be equivalent to 50 per cent of the volume 
of the specimen. There was a marked diminution of the senuu volume in some 
.jaundiced patients who suffered from abnormal bleeding. The authors expressed 
the deficiency of clot retraction in terms of the “serum volume index, ” which 
was obtained by dividing the volume of the serum by one-half of the total 
volume of the blood specimen. The index for normal subjects was 1.00, and 
values less than one were considered as indicative of a tendency to bleed. It 
was observed that if anemia were present, the serum volume would normally 
be greater than half the blood volume, and a correction based on the erythro- 
cj'te count was made in calculating the index.- It appears to us that in addi- 
tion the mean volume of the red blood corpuscles and increases in the number 
of leucocytes may influence the results of the test. Nevertheless, the serum 
volume index is a valuable bedside test for the detection of deficient clot 
retraction. 


llaefarlane® introduced a new method for measuring clot retraction which 
makes use of a graduated centrifuge tube into which is fitted a cork liored jo 
receive a glass rod. The glass rod measures about 0.5 inch shorter than the 
tube and has a small expansion about 0.5 inch from the lower end. To perform 
the test, 5 c.c. of blood obtained by venipunetui-e are immediately introduced 
into the tube, the glass rod and cork are fitted, and the tube is placed in a 
water bath at 37° C. One hour after a firm clot has formed, the tube is re- 
moved from the bath, the clot is carefully freed and removed on the glass rod. 
The vo lume of scrum is measured directly, and retraction is expressed" in teims 
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of llic pcrcoiit;i<>:ft of the .serum volume. I’Jic author foum] that, the normal 
.serum volume per cent fluctuated between -10.9 and fi5..u per cent. No correc- 
tion was made for anemia. 

The "clot retraction index” introduced by .Afcttier and AVitt.s in 10:W' is 
performed in a manner similar to that described by Itlaefarlane, except that a 
correction for anemia is made. The packed cell volume is added to the scrum 
volume per cent and the .sum is divided by two. In nontiul subjeets the “clot 
relrnetion index” varies from .38 to CO. We have found the “clot refraction 
index” to be a useful clinical lest.*''’* 

In the cour.se of a .study of the various factors inlluenein'r the volume of 
the clot, we have found it convenient to cxj)re.s.s the character of the clot ia 
terms of the oxiraeorjniscular volume of the clot, whicli may lie defined as the 
diiTereneo between the volume of the clot and the volume of the cells contained 
therein. It is our juirposc to record the ro.sulls of observations made in normal 
subjects and in patients sufi’erin'r from abnormal hlccdintr. 

.AiKTnon 

SbVht modifications of Hlaefarlancs motiiod for oxaminin'_' the clot Averc 
made. The upper end of a copper wire about 1 mm. in diameter is attached 
to a cork. The free end of the wire is lient in the shape of a liook. An arbi- 
trary amount of venous blood, usually .fi c.(>., is carefully transforred to a 
graduated centrifimn' tube, and the cork and wire are fitted so that the hook 
is immersed in the upper layers of the .specimen. After coafridation of the 
blood lias occurred, the lube is ]>laecd in a water ball) (37° C.) for one hour. 
It is then lalccn from the bath, the total volume of iJie siieeimcn i.s recorded, 
the clot i.s elevated, allowed to drain and then removed. The residual volume 
of serum i.s measured, and when it i.s .subtracted from the total volume of the 
specimen, the clot volume remains. To obtain the volume per cent of the blood 
clot, the oh.scrvcd volume of the clot i.s divided by the total volume of the 
specimen, and the quotient i.s multiplied by 100. (Tlio measurement of tlie 
})aeked cell volume, including all cellular eiemcnt.s, is obtained by centrifugaliza- 
tion of a separate specimen of o.xalatcd blood at 3,000 r.p.m. for thirty min- 
utes.) The difference between tJic packed coll A'ohimc in per cent and the clot 
volume in per cent is tlic jicr cent of the total blood .specimen occupied by the 
extracorpusculav volume of the clot. A value of zero implies tiiat the clot i.s 
composed entirely of cells, and hence that execnont retraction lias occurred. A 
high figure indicates that a large amount of extracorpusculav fiuid is retained 
in the clot and that retraction i.s deficient. Occasionally, the clot volume is 
slightly smaller than the packed cell volume. This apparent discrepancy could 
be due to the inlierent errors of the method, or it may be tliat fluid has been 
expressed from the cells, or that the .spatial relationships of the cells arc dif- 
ferent when they are packed by centrifugal force in contrast to tlio agglomera- 
tions brought about by the natural retraction of the blood clot. AVhatever the 
cause of this phenomenon, it ahvaj^s indicates excellent clot retraction. 

Errors of the Method. — The inlierent error of the method when tested by 
serial examination is approximately 5 per cent. The presence of the wire within 
the clot introduces a constant error .of less than 0.5 per cent, which for con- 
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venience is neglected in the calculations. Occasionally, some of the cells may 
escape from the clot and settle at the bottom of the tube. This is frequently 
seen in specimens obtained from patients suffering from thrombocytopenia, 
polycj'themia vera, and congenital hemoljdic icterus. In these instances the 
senm is centrifugalized and the volume of the clot is corrected by adding to it 
the volume occupied by the escaped cells. The extracorpuscular volume of such 
clots u-ill be less by an amount equal to the fluid which would be character- 
istically occluded in such clots had these cells remained uithin the clot. Such 
errors are slight and do not alter the trend of the results. 

In all experiments the platelet counts were done on capillaiy blood after 
the method of Rees and Ecker, and the prothrombin concentration after the 
method of Quick. 
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Pi5. 1.— -Kelation between serum volume, packed cell volume, clot volume, and extracorpuscular 
volume o£ the clot in 100 normal subjects. 


Material of the Study , — Specimens of blood from the foUowins groups of 
persons were examined; 

1. One hundred normal persons in whom the platelet counts were within 
normal limits (250,000 to 600,000) and in whom the prothrombin concentra- 
tion was 70 per cent or greater. 

2. Forty-two patients suffering from hypoprothrombinemia in whom the 
platelet counts were greater than 200,000 per cubic millimeter and in whom 
the prothrombin concentration was 50 per cent or less. 

3. Thirty-five patients suffering from thrombocytopenia m whom the plate- 
let count was 200,000 per cubic miUimeter or less and in whom the prothrombin 
concentration was greater than 50 per cent. 


fVHOULiXO 


The senim volume, clot vohune, packed cell volume, and extracoi-puscular 
clot volume expressed m per cent for each of 100 normal subjects are -iven in 
ri„. 1. The data for those with hypoprothrombinemia are eiven in FjJ o and 
or those with Riromboejfiopenia in Fig. 3. There did not appear to b; anv 
significant relationship between the packed cell volume and the evf,.^ ” i ^ 
volume ol ,l,c clot in „£ ,tac patients. In Pir4 ^ f' 
t.«n .£ .1,0 vnlncs £ot the ost.neo.pnsc„..v volnmc 
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of the three groups is given. It can readily he seen that the values for the 
extracorpuscular volume of the clot of many patients with hypoprothronilhnemia 
overlap the normal range, while the values for most of the patients with thromlio- 
cytopenia fall outside the normal range. The results of the statistical analysis 
of these data are given in Table I. The standard statistical method was used 
in setting up the limits of normality. The limits of .significance of the data were 
arbitrarily set at two standard delations from the mean, which includes ap- 
proximately 96 per cent of the observations. The mean is taken at the point 
of reference. All measures calculated were at least three times their sampling 
errors. The mean value of the extracorpuscular volume of the clot for the nor- 
mal group was 9.1 per cent, the range of the vahres being - 5.9 to 24.1 per 
cent. The extracorpuscular volume of the clot was gi-eater than 24.1 per cent 
in 13 of 42 patients Avith hypoprothrombinemia and in 30 of 35 patients with 
thrombocytopenia. The respective mean values for these groups were 18.2 
and 38.9 per cent. 

Table I 


POIXT .),XD RAXGE ItEASCRES Or THE EXTRACORFCSCULAU VOLCME PER CEXT OF THE BLOOD CLOT* 



MEAX 

! 

O’* 

Jt ± l<r„ 

At ± 2o-, 

i 

JIEDUX 

(EROJI 

OGIVE) 

iyontials 


7.0 

l.f) - 16.6 

(-) 5.9 - 24.1 

8.7 

(^=10G) j 





Hypoprothrombinemia 


12.4 

5.8 - 30.6 

(-) 6.0 - 43.0 

15.0 

(^=42) 

HI 


j 


Throraboevtopenia 

B 

14.1 

24.8 - 53.0 

10.7 - 67.1 

42.3 


•Using three sampling errors as a criterion, all measures are statistically significant. 


A further .study of the structure of normal and abnormal blood clots was 
made by histologic examination after fixation in 10 per cent formalin in ab- 
solute alcohol. In the normal clot (Fig. 5) the erythrocytes are densely packed. 
A poorly retracting clot from a patient suffering from thrombocytopenia is 
demonstrated in Pig. 6, which shows Ioo.se packing of the erythroc.Ahes, uniform 
fragmentation of the clot, and irregular inclusion of large pools of serum. 

The e.xtracorpuscular volume of the clot is composed of fibrin and unex- 
pressed serum. Experimentally, we have detennined that the volume occupied 
by fibrin in the normal recalcified plasma is equal to approximately 1 per cent 
ef the total specimen. 


DISCUSSIOX 

llaefarlaue suggested a relationship between a decrease in packed cell 
volume and a reduction in the volume of the clot when retraction is normal. 
However, he states; “This relationship does not apply when, in ahnonnal eases, 
retraction is deficient. In such case.s retraction may be brought to a standstill 
not ])y the volume of the cells contained within the clot, hut bv an inherent 
inability of the fibrin to contract to the extent normally attained Under 
those conditions it is clear that a reduction in tlie cell volume cannot increase 
the extent of retraction. 

“Thus, whereas it is possible to eoiTcct by a simple calculation for the effect 
of anenua ,f retraet.hty m normal, no such correction can be applied if itls 
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deficient. Hence tlie !ip])licnlion of a con'cction to ])ntliolo<ricjil cases will jn-o- 
duce distortion, since deficient i-of)-action will be revc.iled in anemic cases more 
often than in those with a nornnd cell volume.” 

It api)ear.s to n.s that blood clot retraction may bo controlled throii"h an 
equilibrium existing between the retractile force of the fibrin on the one hand, 
and the o])posing rc.sislance to aggregation of the retained cells on the other. 
Their relative influence may vjuy considerably, dej)onding upo)i many faofo)-.s, 
including the volume of the ])ackod cells and the quantity and quality of the 
platelets, prothrombin, and fibrin. In the blood of noi-imil sub.iects conditions 
a})pcar to be fairly well balanced so that the itvci'age cxti'acoqniscular volume 
of the clot is appi’o.ximately 10 per cent of the original specimen. In the ab- 
normal sub.icot the same forces opei-ate, but the balance may be ui)set because 
the retivictilc power of the fibrin may be diminished, and equilibrium is c-stab- 
lished when the average cxtraeorjuiscular volume of the clot is j-clativoly lai-gc. 



ng. i. — Frequencj' d/strlbut/on of e.\trncorpu5eu)ar volume of tlie blood clot in per cent of 

the total volume of the specimen. 

When the packed cell volume is veiy low, and all other factoi's whicli in- 
fluence clot retraction are normal, the maximum retractibility of fibrin may 
be achieved, and beyond this point there can be no further retraction regardless 
of the packed cell volume. It is obvious that tliis can happen only when clot 
retraction is excellent. 

The volume occupied b}' the packed cells should be considered in estimatino- 
the degree of clot retraction. Failure to consider the effect of the cell volume 
on the volume of the clot may result not onlj^ in failure to detect deficient clot 
retraction in patients who have a normal cell volume, but also in the inability 
to recognize abnormal retraction in those who haA'e severe anemia. Further- 
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Fig. 5. — Section of a normal blood clot. Xote the denselr packed erythrocj'tes (xl20). 



^‘fVa^emaiion at thc’’??o?;m‘Te’?n%lSlfon ''T la^fpoo^l or‘finiS’'nTthi?'{hrciot (X120)^! 
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iiiovo, unless the elTeet of the volume of llie eells is a]ii)J’eeiale<l, noiaual i'<!tractiou 
may ap])car lo l>o doficienl iji palionis sunVriiifr from erylliremia or leueeinia. 

In this study a liifrlily significant relationsliip was found between diminislied 
clot retraction and I'eduetion in the j)lalelet count. Tocantins^ has made direct 
observations on the action of j)la1elels in the mechanism of retraction of the 
blood clot. Ho states: “In the eoairnlation of blood from man and dou:, soon 
after fibrin is laid down, iutact jilatelets in the interior of the mass convcr'ie 
toward the fibrin needles, adhere lo them and form lar"c knots at their inter- 
seetions. It apjieai's that it is by thus strenfithenin" the fibrin framework that 
platelets help to render tlie clot more risid, firm and elastic. As the knots are 
beiu" formed, the fibrin becomes bent, twisted and shortened. It is iierhaps 
while tliis is fioiii" on and ])an]y as a result of it, that the clot undcrfrocs the 
visible reduction in volume (.syneresis).’’ h’nrihermore, Tocantins' noted coni- 
])letc inhibition of blood clot retraction when antiiilatelet .serum was added to 
normal blood in vitro. 

Two of us (P. I\I. A. and S. P. L.)"' • have found that a significant correla- 
tion exists between the jirothrombin concentration and the di>{ rcfritriion index 
in i)atienls snfl'erin'r from obstructive .iaundice and a variety of diseases affecl- 
in" the liver. Boyce and itleFelrid"e' noted that the prothrombin concentra- 
tion Avas often diminislied when the serum voJuyne index Avas Ioav. In the pre.s- 
ent study avo have likoAvise observed in a significant number of jialients suf- 
forinfr from a variety of diseases, an increase in the extraeorpuscular A'ohnne of 
the clot Avhen the iirolhrombin concentration Avas oO jier cent or loAA’cr. The 
reason for the frequent association of a diminished jirothrombin eoneentration 
Avith deficient clot retraction may be duo to incomplete conversion of fiiirinopcn 
to fibrin. The inlluencc of the jilalelets on the dejrree of clot retraction is much 
fircaler than tliat of the prothrombin. It is possible that A-ariations of the num- 
ber of platelets Avithin the normal ran<je may be a factor in determining the 
dejirce of clot, retraction, both in normal subjects and in those Avith hypojiro- 
thromiiinemia. 

Thrombocytopenia and hyjioiirolhrombinemia are not the only factors con- 
cerned in clot retraction. Wc have ob.serA’ed patients in Avhom tlie jn'otlirombin 
concentrations and the jilatclct counts aa-cvc normal and in AA-hom clot retraction 
Avas deficient ; and com'crsely, avc have studied jiatients in aa'Iioih the jirothrombin 
or platelet values AA'cre Ioav and in AA-hom the blood clots retracted normally. The 
recent obscfA-ation of KabinoAvitz" on the effect of amino acids on clot retrac- 
tion may be of considerable aid in the .solution of these jiroblems. 

SUMMAKY 

The blood clot is composed of cells, fibrin masliAvork, and serum. The extra- 
corpuscular volume of tlie clot is defined as that volume of the clot exclusive of 
its contained packed cells cxjircssed as a percentage of the total volume of the 
specimen stAidied. Presumably, it is composed ot serum occluded Avithin the 
clot and a negligible amount of fibrin. The measurement of the extraeor- 
puscAilar volume of the clot is a most significant factor in the analysis of the 
efficiency of blood clot retraction. In one hundred normal .subjects the extra- 
corpuscular mean A'olume measured 9.1 per cent and the standard deviation of 
this sample Avas 7.5 per cent; in 42 subjects Avho had prothrombin concentra- 
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tions of 50 pev cent or loss, the mean value was 18.2 per cent and the standard 
deviation was 12.4 per cent ; and in 35 .sHl),iect.s, all of whom had platelet counts 
of 200,000 or le.ss, the mean value was 38.9 per cent and the standard deviation 
of the' sample was 14.1 per cent. We have arbitrarily considered the noi-mal 
value to fall within two standard deviations of the mean (-5.9 to 24.1 per cent). 
Using this criterion, blood clot retraction was dimini.shed in 13 of 42 patients 
who had hypoprothrombinemia, and in 30 of 35 patients who had thrombo- 
cytopenia. 
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DRY BUFFER SALT FIXTURES FOR USE IN BIOLOGICAL 

PREPARATIONS* 


George A. Huxt, M.S., Ph.D., St. Louis, ilo. 


TN THE PREPARATION of many biological products the procedures specify 
the adjustment of a product to a given bydrogen-ion concentration. In many 
such procedures the accuracy of such an ad,iu.stment need not be great, pro- 
vided the pH of the product does not exceed a given limit. Poorly buffered 
systems sometimes require time and considerable care to avoid exceeding the 
desired end point. 

AYe have employed preparations of dry buffer salts which are useful, 
stalde, and comparatively acenrate. As we have not seen descriptions of diy 
salt preparations such as we use, and .since these mixtures are veiy convenient, 
it seems worth while to describe them. 

Sodium or potassium phosphate buffei-s were selected for pH values from 
5 to 8. One per cent aqueous solutions of the salts selected for use were pre- 
pared and one solution was carefully titrated again.st the other in the pres- 
ence of an indicator. The ratios of the buffer salts in solutions giving de.sired 
pH values were noted, and the amounts of the original diy buffer salts were 
determined. Tlie solid buffer salts were powdered in a mortar, then weio-hed 
and mi xed carefully in ratios determined by the titration, a different mi.vture 


•Krom the Sno.icr.as I.-iborator>- of PatholoBy and 
Kccelvcd for iiubUc.ation, April 22, 1S42. 
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being ])rei)aTocl for ovciy plT value desired. For use, approxiinat(>]y 1 per cent 
of the dry buffer ini.xlurc of the refiuired pH was dissolved in the ])roduct 
lo be buffered. 

In our work we wished lo employ two bufi’er inixlurcs, one of j)!! 7.0 and 
(be other of pH 7.(). khve cubic centimeters of 1 jn'r cent NaII;;PO.t.If-0 with 
10 c.c. of .1 per cent NaoTlPO.) (anhydrous) gave a jHI value of 7.0, and .7 c.c. 
of 1 ])er cent NalFl’O.i.HoO with 40 c.c. of 1 i)or cent NaHIPOi (anhydrous) 
gave a pH of 7.G. Thus one part of ])owdei-ed NalloPOi.HoO mi.xed with two 
parts of powdered Nai;HPO.t (anhydrous) gave a mi.xturc which when dissolved 
in water i)roduced a iiH 7.0. Ijikewise, one part of the former .salt and eight 
parts of the latter was used for a mixture giving a pH 7.0. The.se mixtures Avere 
prepared in 700 Gm. lots and stored in tightly stopi)ered bottles. 

Two cxaniides may serve to show .some of the ways we have employed 
the.se mi.xtures. In the culture of amoeba* it was found that the ])re.scnce of 
bulfei’s was necessary for successfnl projiagation using the method described by 
Tsuehiya.- A simjAle method of ])roducing small amounts of bi'oth bufiered at 
pH 7.0, was to add a loo])fnl of the pH 7.0 dry bnfi’er mixture lo each culture 
tube whenever exce.ssive acid was formed in the eullurc. 

In preparing Price-type gonoeoeeus antigen for the complement fixation 
reaction according to the directions of Torrey,-'* it is neec.s.sary to dissolve the 
trichloroacetic acid precipitated fraction in .saline and .sodium hydroxide. The 
final pll of the ])roduct .should not exceed 9.7 or the antigenic value depreciates,'' 
It is easier to prejAare an active, stable product by adding a small amount of dry 
buffer mixture of pH 7.0 to a .saline .suspension of the precipitate than to add 
sodium hydroxide carefully drop by drop lo the same end ])oin(. 

The greatest convenience of the dry buffer salt mixture lies in its ability 
to produce sufficiently constant pH value with widely varying concentrations 
of the mixture. The con.stitucnts of (he mixture should bo powdered, accurately 
weighed, and carefully Tuixed. When the mixture has once been i)rcpared, it 
is often .sufficient to estimate roughly the amount of tlic mixture needed and 
to add the dry mixture to the product to be buffered directly from the stock 
bottle without weighing. 
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A COilPARISON OF THE RYTZ, KAHN, AND COi\IPLEiIENT 
FIXATION TESTS FOR SYPHILIS IN A LARGE 
SERIES OP ADULT IMALES 


Lewis E. Nolax, jM.D., ]Moxtgojiery, W. Ya. 


T he Rytz test is a rapid, economical precipitation method for the serologic 
diagnosis of syphilis. The purpose of this paper is to compare the results 
of 18,681 Rytz, standard Kahn, and complement fixation tests on 5,644 adult 
male patients, examined over a period of eighteen months, and to determine the 
accuracy and value of the tests. All case records were carefully reviewed. 

The directions given hy Rj-tz* were rigidly adhered to in the performance 
of this test, the Kahn- test was performed according to instnietions, and the 
complement fixation test was performed according to the modification of illatz.® 
For purpose of comparison the Rytz test is read positive or negative; the 
Kahn test as positive, doubtful, and negative ; and the complement fixation test 
as positive and negative, as recommended by the Committee on the Evakration 
of Serodiagnostic Tests for Sj-philis of the United States Public Health Service, 
cooperating -with the American Society of Clinical Pathologists.® 

Of the 5,644 males tested 98.9 per cent were of the Caucasian race, and 
1.1 per cent were colored. The ages ranged from 23 to 95, Avith an average of 
48 years. Each patient received a RaTz, Kahn, and complement fixation test. 
Some patients recek-ed tAA’O or more tests, accounting for the total of 18,681 
tests. 

The patients were divided into four groups : group I : history and clinical 
evidence of sj-philis AA-ith positive serologj-; group II: history and clinical 
evidence of syphilis AA'ith negative serology; group III: no history or clinical 
evidence of syphilis but AA-ith positive serologj- ; group lY : no historj- or clinical 
evidence of sj-philis AA-ith negath-e serologj'. 

Group I: A total of 846 te.sts AA’ere performed on 149 patients. The Rj-tz 
test Avas positive in the case of 144 persons, or 95.6 per cent; the Kahn test in 
137, t or 91.9 per cent; and the complement fixation test in 133, or 89.2 per cent. 
The Rytz test Avas positive and the complement fixation and Kahn tests Avere 
negative in one case; the Rj-tz test Avas negative and the complement fixation 
test Avas positive in 3 cases ; the Kalin test AA'as positive and the Rj'tz and comple- 
ment fixation tests Avere negative in 2 cases; the Kahn test negatiA-e and the 
complement fixation and Rj'tz te.sts Avere positiA-e in no instances; the comple- 
ment fixation test Avas negative and the Kahn and Rj'tz tests Avere positive in 7 
cases; a nd the \Vassermann test Avas positiA'e and the Kahn and Rytz tests AA-ere 


•Complement fixation test: 
live ; plus-minus, doubtful. ICahn 
on«.* plus anil plus-minus, doubtful. 
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test : 




lln mldilion. doubtlul in S ca.ses. 
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being pr(‘i)are(.l Tor every pTT value desired. I'^or use, api)r()xiinale]y 1 per cent 
of the dry buffer mixture of (lie re(piired ]dl ■was dissolved iu the jn'otliiet 
to be bnll’ered. 

Iu our work we wished to euii)loy two buffer mixtures, one of jdl 7.0 and 
the other of i)ll 7.(5. Five eubie eeutimetei's of 1 per eeut NallMpO^.II4I with 
]0 e.e. of 1 ])er eeut NaolIPOi (anhydrous) gave a jilI vahu; of 7.0. and a e.c. 
of 1 ])er eeut NaIloPO.|.lIi(^ with 40 e.e. of 1 ])er eeut Na-IlPOi (auliydrnus) 
gave a pIT of 7.0. Thus one part of ))owdered Nal fiPOi.n:;!) mixed with two 
l)arts of powdered Na-llPOi (anhydrous) gave a mixture which when dissolved 
iu water produced a ])]! 7.0. Likewise, one part of the former .salt ami eight 
])arts of the latter was used for a mixture giving a pTI 7.0. Tlie.se mixtures were 
]>repared iu 000 C!m. lots and stored in tightly stoppered bottles. 

Two exaupiles may seiwe to show some of the ways we liave eupiloyed 
these mixtures. In the culture of amoeba' it was found that the pre.seuee of 
buffers was necessary for successful jiropagatiou using the method descrilied by 
Tsuchiya.= A simple method of producing small amounts of broth buffered at 
pH 7.0, was to add a loojiful of the ])11 7.0 dry buffer mixture to each culture 
tube whenever excessive acid was formed iu the culture. 

In preparing I'rice-tyiie gonococcus antigen for the complement fixation 
reaction according to the directions of Torrey.-'' it is nece.s,sary to dissolve the 
trichloroacetic acid preciiiitated fraction in saline and .sodium hydroxide. The 
final pH of the product should not exceed 9.5 or the antigenic value depreciates.' 
It is easier to iirepare au active, stable product by adding a small amount of dry 
buffer mixture of pH 7.0 to a .saline suspension of the precipitate tiian to add 
sodium hydroxide carefully drop by drop to the same end jioint. 

The greate.st convenience of the dry buffer salt mixture lies in its ability 
to produce sufficiently constant pH value M-itli widely vjirying concentration's 
of the mixture. The constituents of (lie mixture .should be ])nwdered, accuratelv 
weighed, and carefully mixed. 'When the mixture has once been prejiared. it 
is often .sufficient to e.stimatc roughly the amount of tiie mixture needed and 
to add the dry mixture to the product to be buffered directly from the stock 
bottle without weighing. 
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A CO:^IPARISON OF THE RYTZ. KAHX. AND COJIPLEIMENT 
FIXATION TESTS FOR SYPHILIS IN A LARGE 
SERIES OF ADLTiT JIALES 


Lewis E. Noeax, Iil.D., iloxTGOiCERY, ^Y. Ya. 


T he Rytz test is a rapid, ecotiomical precipitation method for the serologic 
diagnosis of syphilis. The purpose of this paper is to compare the results 
of 18,681 Rytz, standard Kahn, and complement fixation tests on 5,644 adult 
male patients, examined over a period of eighteen months, and to determine the 
accuracy and value of the tests. All ease records were carefully reviewed. 

The directions given by Rytz' were rigidly adhered to in the performance 
of this test, the Kahn- test was pexTormed according to instructions, and the 
complement fixation test was peiTormed according to the modification of Hatz.^ 
For purpose of comparison the Rytz test is read positive or negative: the 
Kahn test as positive, doubtful, and negative; and the complement fixation test 
as positive and negative, as reconrmended by the Committee on the Evaluation 
of Serodiagnostic Tests for S>-phiiis of the United States Public Health Service, 
cooperating with the American Society of Clinical Pathologists.’^ 

Of the 5,644 males tested 98.9 per cent were of the Caucasian race, and 
1.1 per cent were colored. The ages i-anged from 23 to 95, xvith an average of 
48 yeais. Each patient received a RjTz, Kahn, and complement fixation test. 
Some patients received two or more tests, accounting for the total of 18,681 
tests. 

The patients were dmded into four groups : gi’oup I : history and clinical 
emdence of sj'philis with positive serologj-; group II: history and clinical 
evidence of syphilis with negative serology; group III: no history or clinical 
evidence of sj-philis but with positive serologj- ; gr-onp lY : no history or clinical 
emdence of sj-philis with negative serology. 

Group I: A total of 846 tests were per-formed on 149 patients. The Rr-tz 
test was positive in the case of 144 persons, or 96.6 per cent; the Kahn test hr 
137,t or 91.9 per cent; and the complement fixation test in 133, or 89.2 per cent. 
Tlie Rytz test was positive and the complement fixation and Kahn tests were 
negative in one ease; the R>-tz test was negative and the complement fixation 


test was positive in 3 cases ; the Kahn test was positive and the Rytz and comple- 
ment fixation tests were negative in 2 cases; the Kalm test negative and the 
complement fixation and B.ytz tests were positive in no instances: the comple- 
ment fixation test was negative and the Kahn and Rytz tests were positive hr 7 
cases; and the lYassermann test was positive and the Kahn and Rytz tests were 


•Complement fixation test: four plus, three plus. t-n:o plu= one nli, 
tivo; plus-minus, doubtful Kahn test; tour plus, tliree plus, two nine “ 
one plus and plu.s-minus. doubtful. . <• u piu... 


all 


tin addition, doubtful in g casts. 
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negative in 3 eases. In only G ea.ses, or 4 )>er eeni of group I, is one te.st ])ositive 
and the other two negative. It i.s evident that the Hylz and Kahn tc'sts more 
clo-sely agree than the ])reeipita1ion te.sls and the eom))!ement fi.xation test. 

In group II, 191 ])atients with histoi-y and eliniea) evidenee of sy])]hli.s, 
many of them with previous reeords of positive serolog\', had reeeived intensive 
anti.syphilitie theraj)y and were di.seliarged wifli .seronegative findings, ami at 
the time of this survey were negative .serologieally. 

In group III careful .study failed to elicit any history or clinical evidence 
of .syphilis; however, 39 jratients had positive serolotr.v hy one or more of the 
three tests used. The Kytz test was jmsitive in 27 patients; the Kahn test, posi- 
tive in 19, doubtful in 7; and the complement fi.xation te.st, jmsitive in 32. In 
this grou}) again the I'csults of the Kahn and IJytz tests were in close agreement, 
whereas the complement fixation was not in accord with the }>reeipitation tests 
in 4 ea.ses. The ])atients in this group had <iiagnoses of imeumonia, hroneliiti.s. 
arthritis, appendicitis, undulant fever, duodenal ulcer, tnherculosis. ])ulmonary, 
renal calculus, and carcinoma. If the eases in this group are regarded as false- 
positive reactions, the ]>ereentane of the total number of patients tested i.s 0.4 
l)er cent for the Kytz, 0.4 ficr cent for the Kahn, and 0.5 jjcr cent for the com- 
plement fixation test. 

In group IV, 5,205 i)alient.s gave no hi.story or clinical findings of syphili.s, 
and the serology was negative. 

roNcnrsioN.s 

1. In a group of 149 syphilitic patients the Rytz test w.ms positive in 9G.G 
per cent; (he Kahn lest, positive in 91.9 per cent and doubtful, or one ])lus, in 
5.3 per cent; and the complement fixation te.st, jmsitive in 39.2 per cent. 

2. The so-called false-positive reactions in a grou]> of 5,044 ))atien1.s were 

0. 4 ])er. cent for the llytz, 0.4 jmr cent foi- the K:ihn. and 0.5 per cent for the 
complement fixation te.st. 

3. The Rytz test was found to give jiceurale results when eom])a)-ed with the 
Kahn and com]dcment fixation tc.sts and should be more widely recognized 
because of accuracy, si)ced, and economy in i)erformance of tests for serodiag- 
nosis of .syphilis. 
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BLOOD PLAS]MA PIPETTE^ 


W. Earl j\Lvttox and John A. Leighty, Ph.D., Ixdianapolis, Ind. 


I N THE course of our work of preparing large amounts of dried human plasma 
for the armed forces of the United States, it became necessary to de- 
velop a pipette for the separation of plasma from cells, which not only would be 
rapid, but also would give a high yield of plasma. In most pipettes used hereto- 
fore, it has not been possible to draw the plasma rapidly, and at the same time 
be able to remove it down to within a few millimeters of the junction between 
the cell layer and plasma layer without also pulling cells up with the plasma. 
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Fig. 1 shows a type of pipette which we are now {fnding very useful in large 
•scale separation of plasma from cells. The stainle.ss .steel .spoon and holder Is 
made in one iiieee, and can be moved up and down on the glass tube. This pipette 
is mo.st efficient when the end of the gla.ss tube is ju.st about touching the spoon. 


•From the Lilly nf-.<=earcli Ivibor.itorlc.s Eli Lilly and 
Uoceived tor puhlicntion. J;iniiar>- 21, 1912. 
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A TECTlNIQUl!: FOI?. THE EVEN DlSTKlBUTION OF OASES THROUOII 

EACTEKIAI. OFETUKES'’ 


(iHKconv SinvAiiTZMAN, iVl.l)., AXi> AViiaaa.m Eikiiman, AI.l). 
‘ Nkw A'oimc, N. Y. 


XTUAIEROUS workers liave noted the intinenee of vai'ious prases iii)oii llio 
^ ^ prowlii of niieroorpanisms. Tliesc iiicliule AVIierry and Oliver’ (inifi), 
Chapin- (1!)18), Kolnnan’' (1019), RendipeC (1919), and Roekwell and Ale- 
Khanir"' (1921), wlio observed lliat the prowth of ineninpoeoeei and ponoeocci 
was best ndien tlie niediinn was exposed to 10 ])er cent carbon dioxide. Novy, 
Roelnn, and Soule" made a thorouph inve.stipalion of mierobic ivspiralion (192')), 
and Novy and Soule' (1925) studied in detail the respiration of B. iiihrrculosb. 
Robert.son and Sia" (1924) determined the prowth-inhibitory and baeterieidal 
action of sera and leucocytes uiion ])neumococeus at diFerent rates of rotation 
of tubes durinp incubation, Soule" (1928) de.seribed the inlluencc of hydropon 
and nitropen upon bacterial prowth. Alapoon and Brnnstetter’" (19:J0) devised 
a special apparatus for the bubblinp of pas throuph media. 

AVe arranged a relatively simple apparatus for the ])a.ssinp of pas throuph 
broth cultures hold within a M-atcr bath. Four large test tubes (25 by 200 mm., 
1 inch by 8 inches, 50 ml. capacity) were suspended in a constant temperature 
water bath.” This number wa.s lused becau.se it was found most convenient foi- 
our studios on the cFcct of various concentrations of the snlfonamides at dif- 
ferent temperatures on the prowth of Sircptncoccux vindaiis. A smallei* or 
larger number could have been employed as well. Each lube, containing 30 c.c. 
of a 0.4 per cent glucose infusion broth with a pll 7.4, was inoculated witli 
1 c.c. of an cighteen-hour-old broth culture of Bfrcpiorocais vin'dtnts. The cul- 
tures maintained were kept at lemi)eralures ranging from 37.5° G. to 41.5° ('. 
The temperature of the M’atcr bath was held constant to within ± 0.05° C. 
by heaters, thermostat, and stirrer. 

After a series of trials a gas mixture, consisting of 10 ])er cent carbon 
dioxide, 5 per cent oxygen, and 85 per cent nitrogen, was found favorable for 
the growth of Streptococcus viridonsA A lank coiitaining these gases was con- 
nected to a regulator with a pressure gauge and a four- way outlet. From each 
of these outlets the gases flowed through separate wash bottles to the culture 
tubes. After bubbling through the cultures, the gas Avas permitted to pass 
thi’ougli another series of Avash bottles and then into the air. The constant sIoav 
agitation of the culture medium prcA’cnted the settling of the bacteria on the 


•liYom the Laboratories of BacterioloErj’ anti Physical Therapy, the Mount Sinai Hospital 
New York. " ‘ ’ 
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fA similar mixture was employed by Lonssworth and Maclnnes'- in studios on the c-mn'iii 
of Lactohacillus acidov^nlus at varying pH and temperature ranges. 
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bottom of the tu])e and insnred an equal exposure of the organisms to the siu-' 
roundino- eimroninent. The gas within the culture tube coming from the tank 
as well as that due to the metahoUc activity of the organisms, passed con- 
tinuously through the sidearm into the exhaust gas bottle. 



Fig. 1. — Gas coining from the tank passes through a wash bottle, then through a filter 
into the culture medium. The tube containing the medium is immersed in a water toth, the 
temperature ot which is held constant by heating units, thermostat, and stirrer. The gas 
passes from the tube containing the culture medium thi-ough a side opening into an exhaust 
wash bottle from which it goes into the air. Closing the clamp on the tube going to the ex- 
haust wash bottle causes the pressure within the culture tube to he raised, forcing the medium 
through another opening into the sampling tube. After the desired amount of culture medium 
collects in the sampling tube, the clamp on the tubing coming from it is closed, and the clamp 
on the tube going to the exhaust botUe is opened to re-establi.-ih the previous course of the 
flow of gas. 


\\’'heu it was neccssart' to remove a sample of the evilture, the opening to 
an exhaust gas bottle was closed. This caused the budding up of gas pressure 
tvitliin the culture tube which forced some of the medium through another 
opening leading to a sterile sampling tube. A clamp on the opening leading 
from this tube controlled the inflow. After the desired amount of medium had 
accumulated in the sampling tube, the outlet from this tube was shut off and 
the clamp restricting the flow of air into the exhaust bottle was opened. 

This technique permitted the removal of the culture sample without con- 
tamination of the medium in the large culture tubes. Following the removal 
of the sample, another empty tube was substituted for it. The sample was 
thoroughly diluted in 0.04 per cent glucose infusion broth lO'® and 10.'" Poured 
blood agar plates were then made with the sample variously diluted for bac- 
terial counts. 

SUinLVBY 

A teelmiqnc is described for the cultivation of microorganisms imder the 
following conditions, namely: (a) constant slow agitation of the cultures dur- 
ing the entire period of growth; (b) carefully controlled temperature; (e) an 
even distribution of mixture of gases favorable for the microorganism's in the 
media; and finally, (d) easy removal of samples without any danger of con- 
taminating the culture at any time during the cultivation. 
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CHEMICAL 


RELATION OF THE CONCENTRATION OF STARCH SUSPENSIONS TO 
THEIR USE AS SUBSTRATES FOR THE A:MYLASE OF 
THE DUODEN.UL CONTENTS OF INTANTS^ 


WiLBURT C. D.vvisox, il.D., Durham, N. C. 


I N STUDYING the effect of the amylase of the duodenal contents of infants 
on. the viscosity of starch suspensions in tenth-molar phosphate mixtures,! 
the successive measurements of viscosity must be plotted in order to detennine 
the rate of change, since the time required to produce a definite amount of change 
was inversely proportional to cnzjTnie activity; e.g., if 0.1 c.c. of an enzyme 
preparation required sixty minutes to reduce the initial viscosity 20 per cent, 
0.2 c.c. reduced it a similar amount in thirty minutes.^ On the other hand, 
the amounts of change in a definite time rvere not proportional; e.g., regardless 
of the strength of the cnzjTne, the riscosity of starch suspensions to which dif- 
ferent amounts of amylase had been added, usually but not always, fell to that 
of the phosphate mixture in tn-o to twelve hours, and then rose nearly to its origi- 
nal viseo.sit}-. This secondary increase in A-iscosity may be due to the r-iscosity 
of the end products of starch digestion, e.g., amyloceUulose. 

As the strength of an enzjTne was inversely proportional to the iime re- 
quired to effect a definite percentage of change in the Adscasity of the substrate 
but not to the amount of change in a definite period of time, an amylase imit 
Avas defined as that amount of enzAine AA'hich required sixty minutes to reduce 
the initial A-iseosity 20 per cent.^ Sixtj' minutes and a 20 per cent ehange AA-ere 
used to define a unit since faster rates AA’ere difficult to determine accurately be- 
cause the frequent measurements of Auscosity consumed one to two minutes each, 
and the enzj-mic activity Avas continuing dvu-ing the observations; sloAver rates 
alloAved bacterial groA\-th and other sources of errors to ecur. Side reactions, 
which affected the viscosity, occurred AAdth changes gi’eater than 20 per cent in 
the substrate. 


This linear relationship betAveen the velocity of an enzj-mic reaction and 
the amount of enzyme used holds only A\-hen the amount of enzAune is much 
smaller than that of the substrate, so that all of it can combine AAUth the latter.-’ ’ 
With a relative decrease in the concentration of the substrate, the velocity may 
he proportional to the square root of the concentration of the enzAune. the so- 
called Schutz and Borissov laAv,-* e.g., increasing the concentration of sucrose up 
to d or 5 per cent increases the velocity of iiiA'crtase reactions," but concentratious 


•Prom Ihu D< r>arlnn nts of PotliritriCi? of thf; Schools of ^rwhvrnr. r,r t u 
University. BnUimore. M<1.. anti Duke University, Durham. >r. C Johns Hopkins 
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above that level decrease (lie rate of hydrolysis.''' With colloidal suhstralos, as in 
the action of trypsin on j^^elatin, an increase in the concentration of tlic substrate 
also reduces tlic rate of hydroly.sis, due eitlier to the increased viscosity or to the 
products of hydrolysis.'’ 

A'iscosity deterininations in enzymic ineasureinents can he jilotted afiaiirst 
time in four ways; (1 ) As tlio “oli.servod” vi.scosity (i/, the outflow time of a c.c. 
of the starch-enzyme mixture); (2) the '‘net’’ vi.scosity (t;-?;,,, (he outflow (iine 
of the buffer solution), (3) tlic “relative” viscosity (i;/);„), and (4) the “.specific 
fluidity” (»/„/7pl ). The rc.sultiufr curves have the .same <reneral shape, and .since 
the first method is simjiler and as accurate as tlie other three, it was used in 
routine amylase titrations in infants." As several viscosimeters were used in 
these titration.s, the initial “observed” viscosities frciiuenfly were different,* 
and, therefore, were exj)ressed as 100 jicr cent, and the sulisetpient mcasurcinent.s 
as percentages of the initial “oh.served” viscosity. 


Taiu.k 1 

Ermcr or thk CoscKNTii.vTio.v or .STAitcn .Scsi-kssion's o.v Tin; ^(^:.\.s^•Kr..\l^;^•T or .■\myi..\se, 
Baski) o.v Tin; PEKCKVTAor, Ciiavok iv the ‘‘Oiisr.i:vi;i)'’ Viscosity (Fic. 1) 


rONC'KNTUATlON 

OF THK STAKCn 
SrSPKXSIOKK 
(7r) 

1 Ol'TFI.OU' TIMK 
OF 5 r.c, OF 
Tin: STAKtTI 
SUSrEKSlONS 

iv «Kr.) 1 

OUTFLOW TIME 
OF 5 u.r, OF 
Tiu: m*FFKi: 
SOIA'TIOK 
(Vo SKC.) 

i:i;i..\Tivi: 

vi.scosrrv 

V/Vo 

TIME UKQUmKI* 
Foil A 20% UK* 
OUI'TIOX IX THE 

IXITIAL 
• * onsKi:VKi> * ’ 
VISCOSITY 
(SKC.) 

AMYI.ASi; 

UNITS* 

7.5 

.'!S5.2 

.1.1.0 

11.(17 

1 (>.5 

;!.(i 

7.5 

:!51.1 

29.5 

11.91 

1 0.5 


5.0 

257.7 

■IV.T 

5.18 

10.5 


.').0 

•21S.0 

IS.O 

5.17 

J0.5 

5.() 

2.i) 


n.,'! 


19.0 

;!.2 

2.5 

127.1 

55.8 

2.28 

19.0 

•> »> 

1.0-1 

;!9.2 

28.5 

]..'!S 

cc 

0 

1.01 

10.0 

29.5 

1.37 

00 

0 


•Tlic amount ot enzyme wliicli requires si,\ly minutes to reduce the Initial viscosity -0 
per cent.7 • " 


As shown in Table I and Fig. 1, in Yvliicli tlic percentage clianges in the 
“observed” viscosity were plotted against lime, the addition of tlie same amount 
of duodenal contents to starch suspcn.sions of different concentrations produced 
varied results. In the 1.04 per cent stareli suspension the enzymic activity was 
similar to that in tlie other concentrations for twenty minutes and then stopped; 
agglutination occurred at the end of two hours. The rale of the enzj-inie 
hj'drolj'sis of 2.5, 5.0, and 7.5 per cent starcli sus])ensions was similar for the 
first forty minutes, hut then the rate of enzymic activity in 2.5 per cent starch 
practically ceased. The rate of hydrol.Y'sis of 5 per cent starch was somewhat 
faster than that of 7.5 per cent starch for the first one hundred minutes and then 
became sloYver. As shown in Fig. 1, the solid and open points of the parallel 
titrations pi'actieallj' coincided. 

After twenty-four hours at 34° C. all the starch-duodenal contents mixtures 
became agglutinated and their viscosity could not be determined. Some un- 
digested starch remained in the 5 and 7.5 per cent suspensions hut not in the 
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1,04 and 2.5 per cent suspensions after twenty-four hours; i.e., the addition of 
5 c.c. of 1:62.5 Gram’s iodine to 1 c.c. of the starch-duodenal contents mixtures 
produced a purplish blue color in tlie two foi’mer, hut no color in the last tMO. 
All the substrates turned blue when the iodine solution was added before incuba- 
tion with the duodenal contents. 

As the times required for a 20 per cent reduction in the “observed” vis- 
cosity of 2.5, 5.0, and 7.5 per cent starch concentrations were more closely re- 
lated than that for the hydrolysis of 1.04 per cent starcli, the higher concentra- 
tions were used in other viscometric measurements of amylase.' A suspension 
with a relative visco.sity of approximately 2.5 (Table I) was the easiest to work 
n-ith as clogging of the viscosimeter's occurred frequently rmth the heavier sus- 
pensions. Furthermore, the 7.5 per cent suspension became caramelized when 
autoclaved. 



TIME IN MINUTES 


K — ETCect of the concentration of starch suspensions on the measurement of amviase. 

1" ,9, posei''’eu" viscosity. One-tenth cubic centimeter of the same specimen of duo'flenal 
contents (diluted 1:20 tvith normal saline) was added to 10 c.c. of different starch concentra- 
uons. and the amylase activity was titrated viscometrically' in duplicate. The initial outfiorv 

If* . mixtures in seconds (Table I) were plotted as 100 per 

Htntiai .. and subsequent measurements as percentages of this initial 

ti.o of each pair of parallel titrations was plotted in solid points, and 

tiie omer in, open. 


The relative viscosity of starch suspensions varied witli the particular lot of 
soluble starch employed. A 2.5 per cent suspension of the starch used in Table I 
produced a substrate of this desired “observed” viscosity, but as much as 6 per 
cent of otlier samples of starch was required to produce a suspension of similar 
viscosity.!^ The digestibility of different lots of starch also has been found to 
vary, probably due to differences in the proportions of a- and y5-amvloses and 
dextrins.” iMore unifom results have been reported by the use of substrates 
consisting of mixtures of two preparations of starch.’” 


The viseosity of starGi suspensions made with cold phosphate mixtures was 
fairly constant, hut hoiliiig them, or preferably autoclamng them, for fifteen 
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minutes at. 15 pounds pressure made tlic results uniform. Tlie maximum vis- 
cosity was ol)taincd l).v lieatin^ starcli .solution.s to 93° C. IliKlier temperatures 
reduced the viscosity. However, starch suspensions, wliicli were both l)oiled and 
autoclaved, were used routinely because they win-e more hoinofieneous and less 
likely to contain small lumps which clo"fred the cai)illnry of the Ostwald vis- 
cosimeter, than those which wci'c merely healed to f)3° C. or boihsl or autoclaved. 
Amylase titrations with boiled or autoclaved starch suspensions were similar. 

The viscosity of autoclaved suspensions (without enzymes) of 1.04, 2.5, and 
5 per cent starch was constant for twelve hours, but that of 7.5 ])er cent starch 
increa.sed steadily for two hours and then remained constant for twelve hours. 
After twelve horn's the viscosit.v of all the .starch suspensions (without cnzymc.s) 
inci'cased, probably clue to jin increase in amyloccllulose. However, if the.se 
starch su.spensions were centrifuged after ei"hl days, the viscosity of the .super- 
natant fluid was the same as that of the ))ho.sj)hate mixtui'c, suiifrcstin^ that no 
more of the starch had dissolved, Oecasionallv a 2 >J'ej)a)'af ion was found which 
decreased in viscosity. Such su.spensions, of course, wore useless foi' ajiiylase de- 
terminations. 

Amylase determinations, employing .starch .su.s)>ension.s le.ss than twelve 
hours old, similarly made with the .same ]>ro 3 )aration of Inntncr starch on dif- 
ferent days, were comparable, though far from accurate. Iri'egular results were 
obtained with older substrates, even though thymol was added to insure sterility. 
For example, the rate at which duodenal amyln.se j)roduccd a 10 i)ci' cent reduc- 
tion in the A'iseosily of frc.sh and of nine-day-old starch su.spensions was the same, 
but the time rcciuircd to cause a 20 per cent reduction was much longer with the 
older preparation than with the frc.sh suspcn.sioji. 

The starch in these susi)en.sion.s, made with Lint nor soluble starch, ap- 
parently consisted of microscopically visible starch granules and ultramicro- 
scopic colloidal particles. The latter probably rein'csonted the fraction attacked 
by amylase, for after the enzyme had reduced the initial viscosity of a starch 
suspension until it was practically the same as that of the phosphate mixture, 
the number of starch granules was Jiot I'educed. I'kirthermore, if a starch su.s- 
pension which had been split by amylase was allowed to stand a few hours, the 
starch granules sank to the bottom of the tube, leaving the supernatant fluid 
water clear, in contrast to the supernatant fluid of an unsplit suspension which 
remained opalescent indefinitely, even though diluted with tenth-molar pho.s- 
phate mixture until its viscosity was the same as that of the starch suspension 
which was split by amylase. Because of these two tj^es of starch, it was Jiot 
possible to determine the actual starch content of starch suspensions at any stage 
in enzymic reactions by merely comparing their viscosity curves with those of 
suspensions of unsplit starch of known concentrations.* 

COXCLUSION 

A starch suspension with a relative viscosity of approximately 2.5 and less 
than twelve liours old was the most suitable for the viseometric titration of the 
amylase of the duodenal contents of infants, but. the results wei'e not always 
accurate. However, viscometry' is preferable to other methods.'* 
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Sufficient soluble starch (Merck; made accordine to Lintner) to make a 
a relati%'e viscositj- of approximately 2.5 (2 to 6 Gm., ^0 cc At /lO 

to 100 C.C. of tenth-molar phosphate mixture (40 c.c, il./lO KH-PUi + fau c.c. 
Na-HPO*). The suspension should be shaken vigorously until it becomes 

one minute), boiled for one to Uvo minutes, and autoclaved for fifteen _minutc.s at 1? b^ml^ 
two tbvmol cri'.stalp, should be added, and the suspension filtered, while hob 
kness of muslini After it has cooled to about 34” C, 10 c.c. portions .should bo 


diastase is being titrated, phosphate mixturp.s of pH 3.0 to 4.» snouiu oe useu.- -u. u.c 

should he done with the same lot of E 9 luhlc sUrch. Other concentration.s of starch ha^e been 

used and various methods of preparation tried, but the above appeared to he the most ..ati.. 


the enzyme 


factorj'. 

I wish to thank X)r. Elizabeth Torrey (Mrs. J. G. Andrews) for plotting 1 , 
curves and calculating the units ; Mrs. H. A. King and Mr. E. H. Clark for the draw-ings ; Dr. 
Hans N'eurath. Dr. Paul Gro.ss, Dr. D. G. Hill. Sir. J. H. Neese. and Sir. W. S’. Singletarj- for 
verifying the calculations. 
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A METHOD 1-^OE THE DETEinil NATION OF OEETAIN 
SULFONAMJDES IN BIDE'’ 


Haodon ^1. CAitifvi:u. and Aknoi.o E. OsTi:itiii:i!(i, Pii.D. 

Bociikstkk, Mi.v.v. 


W ITH tho iiiercasiii!? use of .sulfonainido conipoinuls in the treatment of 
infcelion, a knowledge of the excretion of tlieso drugs in tlie bile has 
assumed greater importance. A metliod for determination of .sulfanilamide in 
bile was presented by Ivy and one of us (H. !M. C.)' ; this was a modification of 
the method of Doubilet. With the recent refinement.s^ in chemical procedures 
employed in the determination of sulfanilamide, and with the introduction 
clinically of several new drugs in this field, it seems advisable to extend the 
previously published method in order to include tho new improvements and to 
test the applicability of the method to the new drugs. 

We have found the following jiroeedurc .satisfactory for the rpiantitativc 
determination of sulfanilamide, sulfjip.vridinc, sulfadiazine, and sulfathiazolc 
in bile. With the last-named drug an additional step mu.st be used. 

MKTIIOD 

Place 5 c.c. of the bile to be examined in a oO e.c. volumetric flask. If con- 
centrations of the sulfonamide compound of 2 mg. ])cr 100 e.c. or Ic.ss arc ex- 
pected, use 10 c.c.' of bile. Add 3 c.c. of 2 N potassium hydroxide. Add 3 c.c. 
of a 40 per cent solution of zinc sulfate droj) by dro]), with constant agitation. 
Add portions of hot water and agitate the precipitate to insure solution of the 
drug. Dilute to approximately 4.') c.c. Then add 3 c.c. of normal potassium 
carbonate. Add a drop of phcnolphthalein indicator solution. Dilute when 
cool to exactly 50 c.c. Filter. Acidify the filtrate exactly to i)henolphthalein 
by the addition of 2 or 3 drops of 4 N hydrochloric acid. By acidifying after 
filtration, pigmented substances are eliminated by filtration and do not go into 
solution as the.v would if the acid were added before they arc removed. Dilu- 
tion of filtrate by acid solution may be considered negligible. 

To 10 c.c. of the filtrate add 1 c.c. of tenth-normal hydrochloric acid. 
Agitate for a moment until no more effervescence is noted. This will prevent 
interference fi-om bubbles in the photclomctcr cups in a later stage. Then add 
1 e.c. of a fre.shly prepared 0.1 per cent solution of sodium nitrite. Agitate 
and allow to stand for three minutes. Add 1 c.c. of a 0.5 per cent solution of 
ammonium sulfamate. Agitate and allow to stand for two minutes. Add 1 c.c. 
of a 0.4 per cent aqueous solution of N-(l-naphthyl) ethylenediamine dihydro- 
chloride. The color developed is read immediately against, simultaneously pre- 
pared aqueous standards in a colorimeter or, if facilities are available yfith a 
photelometer equipped with a filter. 

•From the Mayo Clinic. Rochester. 
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When sulfathiazole is the drug to be determined, a slight modification of 
the method is neeessaiy because of the insolubility of the dye product formed. 
It is necessaiT to add 5 e.e. of otliyl alcohol to the 10 c.c. portion of filtrate and 
to the 10 c.c. portion of the standard solution for comparison in the colorimeter 
before addition of the solution of sodium nitrite. This muH insure the solution 
of dye in subsequent procedures. 



Fig. 1. — Kelationship of concentrations of sulfonamitles and readings on the photelometer. 


This method as described will determine only the drug in its free form; 
acetylated drug must be hydrolyzed if the total content of drugs is to be found. 
If this is desired, it is neeessaiy to add to the 10 c.c. of filtrate 0.5 c.c. of 4: IST 
hydrochloric acid and place in a liath of boiling water for one hour. After 
cooling, make the volume 10 c.c. Proceed as with 10 c.c. of original filtrate 
with the method described. 

Should the colorimeter be used in this determination, the following foi-m- 
ula may be employed ; 


Heading of standard 
Reading of unknoivn 


X strength of standard 


that is, 0.06 mg. x 100 = concentration of unknown in miUigi-ams per 100 c.c. 

We have found the photelometer accurate in this determination when a 
green filter allowing maximal transmission of 530 A units is employed. As the 
dye produced in the reaction has a maximal absorption of 545 A units - a con- 
siderable amount of extraneous color is eliminated suitably. Wlien tWs filter 
is employed, the error introduced by the use of aqueous .standard rather than 
bile filtrate will average 1.8 per cent and will not exceed 3 per cent 
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Bile wliieli w;is kiiou’Ji (o coiiljiiti JO infr. per 300 c.c. of (lie albrc-mcn- 
tioned sulfonamide eompounds was used to test, tlie aecurac.y of the method 
(Table I). The method is more aeeurate when sulfanilamide, sulfapyridinc, or 
sulfadiazine is ])rcsent in the bile than wlicn sulfatliiazole is present. 

'J’AiiLi; 1 


HKCovKnY ov Svi.yosMiiM: Comi-odsds l-’ro.n iJii.i: is 'Wiiivn riii: Cosa:sTi:.\Tios tt'.ts 
Known- to Bk 10 Z^Io. Bki; lOO c.c. 


SAMPLE 


MILLIOEAMS 

PKl: 100 C.C. 
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8.1 

0 1 
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.8.0 

10 
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8.0 

Average 

9.7 1 

9.0 

9.S 

8.0 


The curves from wliieli tho.se data Avore i-oad are "ivon in Pi':. J. Becau-so 
of a .slight variation in idiot oeleetrie cells in these ])hotelometer.s, a curve .should 
be established for each instrument. 

An attemiit was made to determine the accuracy of pilot elomctric curves 
for the sulfonamides on the semilogaritlimic graph. By introducing factors to 
correct for difl'ercnces in dilution, a.s in the case of sulfatliiazole, and for dif- 
ferences in molecular weight, identical curves .should be established. An 
arbitrarily selected intensity of color Avas chosen on an ab.scis.sa of the graph 
Avhich AA-as intersected by all curA-es plotted. Log 4.00 aa-os chasen. The con- 
centration of the drugs at this level of color intensity AA-as then converted by 
the afore-mentioned factors to terms of concentration of sulfanilamide. 

The concentration of all drugs Avhen converted to terms of sulfanilamide 
and read at the color intensity of log 4.00 varied only slightly. The concen- 
tration thus obtained Avas 3.09 mg. per 100 c.c. ± 0.17 mg. per 100 c.c. 

SUJIMAKY 

A method has been presented by AA-liich the concentration of sulfanilamide, 
sulfapyridinc, sulfadiazine, or sulfatliiazole in bile may be determined. This 
method has been te.sled Avith solutions of InioAvn concentration and percentage 
rates of recoveiy have been determined. 
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AN OSiilOlMETEIl FOR USE WITH SBRUJI AND ITS SUBSTITUTES" 


Hekry S. Simms, Ph.D., Rayme-nd L. Zwemer, Ph.D., and 
Bertrand E. Lo\yenstein, JLD., New York, N. . 


T he present use of “banked blood,” stored or dried plasma, and plasma 
substitutes in tbe treatment of shock from trauma, bums, or hemorrhage 
has as its aim the restoration and maintenance of normal blood volume. This 
aim is accomplished by the injection of solutions which contain, not mereB 
salts and sugars, but also some material which produces a sufScient protein 
osmotic” or “oncotic” pressure (erroneously called “colloid osmotic pres- 
sure”!) approximately equal to that of nonnal plasma. 

In the ca.se of serum or pla.sma the “protein osmotic” pressiu’C can be esti- 
mated by calculations based on the content of albumin and of globulin. The 
albumin is responsible for about 80 per cent of the pressure. A rough approxi- 
mation can be made also from the protein content, as determined by protein 
nitrogen or plasma specific gravity. However, with di-ied plasma, gelatin, 
pectin, or other blood substitutes, the osmotic pressure can best be determined 
by direct measurement. 

The use of a long tube attached to a membrane' requires twenty-four hours 
or longer to reach equilibrium, so that bacterial action and dilution of the 
serum can cause serious errors. Turner^ in 1932 devised a method for counter- 
balancing the pressTire so as to reach equilibrhun in five to twenty hours. In 
1936 Svmialt and Landis^ constructed an ingenious, but compReated, apparatus 
which automatically counterbalanced and recorded the pressure until equilibrium 
was reached. Ilepp"* in 1936 invented a micro-osmometer in which ultrafiltrate 
from a sample of serum was sucked through a large membrane mto a capillary. 
The balancing pressure was then adjusted until the capillarj' meniscus was seen 
through a microscope to be stationary. Peters and Sa.slow^ claimed to obtain 
good results u-ith this osmometer of Hepp. There is, however, the danger that 


•From the Departments of Patholog>' and of Anatomy. College of Phvsicfans and 
Surgeons. Cotumbia \jniversUy, Now York. 
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isotonic saline solutions. 20 mm. pressure is due to the protein molecules n-hilf 5 mm 
^Kults from the unequal distribution of diffusible ions accordinjr to Donnan’s law VzcnHr V 
Klectrochemic 17: 572. 1911). The latter phenomenon was further studied bv Jacoues 
U. Gen. Physiol. 3 : hirr. noi. S27. lf)20: - 1 : 73. Ut21). ‘ Jacques Doeb 

.1 Of-motic pres^re” is applicablr- only to s.v.stems, .such a.s plasma -a-horo 

the nondlfCuRlble ions arc protevns. The term •'coHoia osmotic prf.s.sure" is narticnls^iF 
tionab c. since it implies that the pressure involve.s a colloidal Phenomenon a An 

larEc Ion need not be a iiroteln (Donn.an ii.sed a dve). Perhaps "oncotic ^ 

objectionable term in current usape whlcii l.s applied to the phenomenon ® 
notes "swellinE" and docs not distinmil.s),. e.xcept bv usape beuveeTti,,? nt,.,.””"!'' <=on. 

.sure wlien only tlie larpc Ions are nondlffusibie and the theoretical o.smotic pres- 

ions and molecule.s. We prefer the term "Donnan pr^sure" bu? reahze I® 

clearly defined. * ^ roaiizc that this hIfo is not 
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the larfie cajiillarr corroetioii (alioiit 90 mm. of ivaler) mif] also flic use- of riib- 
bcT connaetion may cause appreciahlo orrons. T!io errors of tlie Krofrli ap- 
])aratUH were discussed by Wells.'' 

The ajiparalus herewith de.seribed (l''ifr. 1) U'as dcsif,med to "ive rajiid and 
accurate results M'hieh involve no capillary correction. It uses only 1 to 2 ml. 
of serum or other tiuid, and "ives accurate readiii'rs within fifteen minutes. 



scales may serve to imllcnto the ainn-nsions of the apparatus. 


I)E.SCiUPTIO.V OK OSJIflMETER 

In Fi" 1 the osmometer may be .seen to consist of the followin<r parts: a 
removable upper chamber, for the .serum or otlier .solution, with an inside diam- 
eter of 25 mm. The side arm and the hole in the cover jiermit the flow of 
carbon dioxide — air mixture over the .solution to maintain jilI. The npiicr cham- 
ber is clamped to a loM’cr chamber with the membrane in between fjlass surfaces 
which arc ground flat. The membrane is supjmrted by a porous di.sk of fritted 
pyrex or alundum. The lou-er chamber is u.sed for the “reference fluid” (such 
as serum ultrafiltrate or similar physiologic solution), which is introduced from 
a filling cup through stopcock A. The same stopcock serves to drain the cham- 
ber. The lower chamber is connected through tube E and stopeocks 5 and C 
to the manometer tube F, to Avhieh a small leveling bulb is attached with heavy 
walled Vs inch rubber tubing. Tubes E and F should have the same inside 
diameter (about 3 mm.). Stopcocks B and C are connected by an upper, 2 mm. 
bore, tube (having an outside stopcock D) and also by a lower eapillaiy tube 
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in whieli a drop of colored kerosene serves to indicate motion. The meinhrane 
area is 1,000 to 1,700 times the capillary cross section and an observable move- 
ment of 0.2 mm. in the capillary rcprc-sents a displacement of only 0.003 to 
0.005 per cent of the serum volume. 

METHOD FOR USING OSMOMETER 

The osmometer is prepared for use by first cleaning it, and then attaching 
it to a firm board. The leveling bulb is filled Mith distilled rvatcr and is sup- 
ported by an ad.iustable clamp. A .small drop of kerosene, coloi’ed rvitli scarlet 
red, is introduced into the horizontal eapillarj' tube by removing the plug of 
stopcock B and using a syringe vrith a bent needle or a dropper with a fine bent 
tip. By lowering the leveling bulb slowly, the drop is drawn into the tube ; it 
should be 5 to 10 mm. long. No kerosene should remain at the end of the tube 
near the stopcock. 

To fill the osmometer for the zero reading, the porous disk is put in place 
and the lower chamber is filled wfith the desired "reference fluid," such as 
serum ultrafiltrate’ or a physiologic solution such as is used in these labora- 
tories." This "reference fluid” is introduced from the filling cup through stop- 
cock A while stopcocks B and D are open. A prepared collodion membrane 
(see below) is then placed over the disk in such a manner as to exclude bub- 
bles of air. The upper chamber is clamped in position and into it 2 or 3 ml. 
of the "reference fluid” is placed. "With B and C open across the upper tube 
(and D closed) the leveling bulb is lowered to give a negative pres-sime of about 
200 mm. of water for two or three minutes. This pulLs the membrane do^vn 
tight onto the disk. Then stopcock B is closed and D is opened. The leveling 
bulb is then raised to bring the water near the top of the manometer tube F and 
stopcock D is closed. The "reference fluid” in the vertical tube E should he 
at approximately the level of the fluid in the upper chamber. It can be ad- 
justed by stopcock A. 

A “zero reading” is taken by opening stopcock B and C to the lower 
(eapillarj-) tube and then adjusting the leveling bulb until the drop of kero- 
sene remains stationary*- for five minutes. If the drop moves to the right, the 
imlb should be raised. If it moves to the left, the bulb should be lowered. A 
half minute should elapse after each adjustment before the first obsei-vation 
is made, and the next reading is taken at least a minute later. "With a little 
practice the amount of adjustment required can be e-stimated from the rate of 
movement of the kerosene di'op. When there has been no movement for five 
minutes, a record is made of the height of the water column in the manometer 
above the water surface in the leveling bulb. The height of the "reference 
fluid” in tube E above the fluid surface in the upper chamber is also recorded 
and subtracted from manometer F reading to obtain correct "zero reading. ” 
If the fluid in E is below- that in the upper chamber, the difference is added^ to 
the manometer reading. 

The zero reading should equal zero. Any deviations mav be due to an 
air biibble under the membrane, or a failure to draw the membrane down flat 
against the di.sk. or to kerosene at an end of the capillam- tube The 
reading should he repeated after momentarily reversing stopcocks B anTc 
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and, iJ] desired, readjust inji the \vater level wliile J) is oj)en. AVilii tlic pres- 
sure set, at llic ju-evious reading fliere sJioiild l)e no inovenienl of llie kero- 
sene drop. 

Readings on (he iinl'noim solulions are taken ne.xt. Stojx’ock R is closed, 
the fluid in the ui)per clianiher is drawn off, and the ineiuhrane is dried quickly 
with filter pajier. One to 2 nil. of the .serum or otlier unknown solution is 
introduced immediately. B and C are opened to the upper tuhe. and the 
leveling liulli is lowered to approximately the expected ])rcssure. Adjustments 
arc then made, as descrihed above, preferably alternating the adju.stmcnts 
above and below the final reading, thus making sure that there is a real Donnan 
liressure. AVhen the kerosene droj) remains stationai-y for at least five min- 
utes, the manometer is road. It. can be checked by rejietition of the jiroeedure. 

The membrane can be us(‘d for a number of unicnown solutions, each .solu- 
tion being removed and the membrane wiped with filter paper before, the next 
solution is placed in the ujiper chamber. It is well to start with the more dilute 
solutions and finish with the more concentrated solutions, or else wa.sh the 
membrane with the “reference fluid’’ between sanpiles. 

Cleaning of the osmometer after use can be done with cleaning .solution, 
which is allowed to stand in the filling cup and lower chatnber and is drawn up 
into tube E. There is le.ss danger of affecting the plf if 0.01 molar .sodium 
hydroxide is u.sed, instead of diehromalo cleaning .solution, and followed by 0.02 
molar acetic acid, rinsing with distilled water after each solution. 

Membranes. We obtained best re.sults with membranes made from [Merck's 
C.P. 5 per cent collodion .solution on machines jmcviously de.scribed.* These 
tubular mcmbrajies are cut into oO to 55 jum. squares oi‘ circles and arc pre- 
served under distilled water, never being allowed to dry out. h^r twenty-four 
hours or more before use, the membriines are allowed to soak in physiologic 
solution (preferably “Z solution''^. This insures saturation of the membranes 
with calcium and permits a rajjid equilibrium which is not otherwise jjo.ssihle. 
The Viscose Corporation sausage skin and No. 600 DuPont eelkqihnnc also 
gave good results, but these have a pore size of al)out 2 m/i, which may account 
for the longer lime necessary for a detcctal)lc movement of the kcro.scne bead 
to appear. 

Plat membranes, similar to the fii-st typo but less .satisfactory, were made 
by iiouring the collodion solution onto mercury in a Petri or similar dish. 
One milliliter of collodion solution covers G.5 to 7 sq. cm. of surface. Hence 
a dish with a diameter of el cm. will require 0.12 eP ml. Allow to dry for thirty 
minutes in a dust-free atmosphere, soak in 50 ])or cent alcohol for fifteen min- 
utes or longer, then wash with distilled Avater. 

Pore size of Ihc membranes. The osmometer can be used for the measure- 
ment of alleged pore size of membranes, as it is commonly rated. Distilled 
Avater is placed in both upper and loAver chambers, using a membrane Avhieh 
has soaked in distilled Avater. After a zero reading lias been taken, a negative 
• pressure of about 200 mm. {II) is established and the time t in seconds required 
to move the kerosene drop a given distance L is observed. Using another sam- 
ple of the same membrane {s mm. square), the thieloiess I is measured Avith a 
micrometer and the Avater content IF is determined by Aveighing before and 
after drying. All measui’ements are in millimeters and the AA^eight is in milli- 


grams. 
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The pore diameter (in millimicrons) is given by the eciuation 
d = ^ 56,600 I s 7 / f 

The ratio of the capillarv diameter d. to the effective membrane diameter 
d„ can be permanently determined for each apparatus by estimating the capil- 
lary diameter as follows: W' milligrams of mercury is introduced nito the 
capillary tube and the length h of t he colu mn is noted. The diameter in milli- 
meters is then equal to dc = 0.30T VTT'/tc ■ 



Fig. 2. — ^The Donnan osmotic pressures of various concentrations of human plasma, plotted 
against grams of protein per 100 c.c. Upper curve: Citrated human plasma from a “blood 
bank." The higher concentrations were obtained by dialysis in a collodion bag. Lower curv’e: 
Dried human plasma which had been found to be unsatisfactory' by other tests. The various 
concentrations were obtained by weighing the dried powder. 

In all cases the protein concentration was checked by the Barbour and Hamilton falling- 
drop determination of density’. 

Linear curv'es were also obtained with dilutions of horse serum, cat plasma, and a sample 
of approved dried human plasma. 


RESULTS 


Fig. 2 illustrates the results obtained with this apparatus. The curve for 
lilood plasma at various concentrations above and lielow the normal level is 
.seen to give consistent values. Another curve in Fig. 2 shows some obseiwatioiis 
on dried plasma at various concentrations. These values, although lower than 
for normal pla.sma, are consistent among themselves. Readings were found to 
lie reproducible within 5 mm. of water. 


In addition to the consistency of the readings it. will be noted tliat tlirough- 
out the range from zero up to four times normal concentration, the osmotic 
prossnvc is a linear function of the protein concentration, as measui-ed bv .spe- 
cific gravity. This agrees u-ith the statement of Homer Smitli and co-woVkersS 
and is contrary to the claim of Adair, Adair, and Greaves.’ Further presenta- 
tion of results will be included in future papers. 
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SUM MAI! Y 

An ai)])ani(u.s for iiiaa.siiriiDjr tin* “prolain osiinili!!” or ‘’oiicotir," i»i'e.s- 
surc of serum or other solutions is deserihed. Tliis apparatus reipiires only one 
or 2 ml. of fluid; it involves no eorrection for eaiiillarity and it •rives, in fifteen 
minute.s, values whieh are rei)rodueil)Ie within o mm. of water. 

Kapid equilibrium is |)rodueed by e.\erlin<r a negative jiressure on the 
“outer” or “referenee fluid" by means of a levelinfr bulli. When the etiui- 
librium pressure is found, a drop of kero.sene in a horizontal eapillary tube 
bceomes stationary. The Donnan osmotic i)ro.ssure is then read from a manom- 
eter. 
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THE JHORODETEinriNATION OF GOLD IX BIOLOtJlCAL TISSUES^ 


Wai.tki! D. Block, Bii.D.. and OLivim JI. Buchanan, !M..S. 
Ann Akdok. Alien. 


I N ORDER, to determine .small quantitie.s of f^old in tis.sue.s it wa.s found neee.s- 
sary to modify the procedure de.scribed by Block and Buchanan' for the 
microdetermination of gold in blood and urine. The modifications were pri- 
marily in the digestion of the tissues, but the final iirocedure so differed from 
the original method in details that it is thought advisable to report the com- 
plete procedure with typical recoveries for tissues. 


PROCKDUIilC 


Digestion . — The tissue (0.5 to 10 Gm.) to be analyzed is placed in an accu- 
rately calibrated 100 c.c. Kjeldahl flask whose neclc has been shortened to 5 
or 6 cm.' Ten to 20 c.c. of concentrated nitric acid and a fexv drops of caprylic 
alcohol are added and the tissue is allowed to stand for a few hours until solu- 


♦From the Rackham Arthritis Research Unit, University of Michigran Medical School 
Ann Arbor. ’ 
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tion has occurred. Ten to 15 c.c. of concentrated sulfuric acid are introduced 
into the flash: Avhich then is heated on a Kjeldahl digestion rack until the tissue 
is thoroughly charred. After the digest is cooled, a 30 per cent solution of 
hydrogen peroxide (Superoxol) is added drop hy drop until the solution is 
water clear. The solution is evaporated to dryness over a microburner. The 
sulfuric acid fumes are removed by inserting into the neck of the flask a glass 
tube which is connected through a water trap to a water pump.’ The contents 
of the flask are then treated with acpta regia to convert the gold to the chloride. 
If the tissues contain amounts of gold less than 200 micrograms, the color is 
developed and read as previously described’ directly udth the entire contents 
of the digestion flask. However, if larger amounts of gold are present, the 
aqua regia solution in the flask is heated to boiling, cooled, and transferred to 
a 100 c.c. volumetric fla.sk. The Kjeldahl flask is rinsed twice with 15 to 20 c.c. 
of boiling aqua regia, the washings are added to the volumetric flask, which is 
made to volume with distilled water. Aliquots containing 50 to 150 micro- 
grams of gold are transferred to the shortened graduated 100 c.c. Ivjeldahl 
flasks and evaporated to dryness. Remaining traces of sulfuric acid are re- 
moved as before and the gold is reconverted to auric chloride by boiling udth 
aqua regia. The aqua regia solution of this aliquot is then used to develop the 
color. Any fatty or muscular tissue (legs, ga.strointestinal tract) is treated in 
the same fashion, except that the digestion is eanded out in a 300 c.c. K,ieldahl 
flask with the addition of selenium as a eataly.st. After evaporation to dryne.ss 
with complete removal of the sulfuric acid, the residue is put into solution by 
boiling with three 40 c.c. portions of aqua regia. All the washings are col- 
lected in a 250 c.c. volumetric flask, made to volume with water, and aliquots 
containing 50 to 150 mierograms of gold are transferred to the s^pecial 100 c.c. 
Kieldahl flasks. The procedure is then carried out as already described for 
other tissues. 

This same procedure can be applied to large organs or carcasses of small 
' experimental animals as well as to dried animal and human feces, the only 
modification being that a 500 c.c. ll,ieldahl digestion flask is used. 

Development of Color . — ^This is accomplished’ by the addition of 75 c.c. of 
distilled water to the precipitate in the 100 c.c. Kjeldahl fla.sk in order to dis- 


solve the inorganic salts. Three-fourths cubic centimeter of hydrochloric acid 
(1:4), 8 c.c. of potassium fluoride (10 per cent), and 1 c.c. of o-dianisidine 
solution (0.1 per cent) are then added to the flask. The volume is made up to 
100 c.c. with di.stilled water, the flask is stoppered and the solution thoroushlv 


mixed. The solution is then transferred to a colorimeter absorption tube, fillin's 
the tube to within 1 to 2 cm. of the top. After stoppering, the pink color, 
which reaches its maximum intensity within three to ten minute.s. is read in 
the Evelyn photoelectric colorimeter with filter 440 and a center setting of 76. 

Special attention should be called to the amount of 1;4 hydrochloric acid 
added in the color reaction, for the rate of color development and fading de- 
pends upon tlic ratio of fluoride to acid. The amount of acid which reniains 
m the flasks after convci-sion with mpia regia depends upon the amoimt of 
inorgmme salts present. A maximum color will develop in .six to eight minutes 
f 0./.O c.c. of 1 :4 hydrochlorm acid is used in direct determination of -old in 
tissues or urine. In determinations of gold in carcasses or feces 1 95 c r of th 
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acid iiuist be added, and in tin: case of diluted tissues, 2.5 c.c. Jt is Iie.st to 
read llu; color at one-niimite intervals duriii'r llie development until the nia.x- 
innnu color is reached and fadin<r begins. Since it refpiire.s only fifteen .soeoiids 
to make a reading, four tubes may be easily read at minute intervals. 


Taw.i: 1 

Kkcovkkv or Kn(»\v.v AiiotaNTs or (ioi.o Aoinai to 'J'issurs am> K.xckkta <jr rm: Wmn: 1!.\t 
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•Gold .added to urine an<l fece*.* collected ocer a Iw'o-weok period. 


KKSrLTS 

Table I gives the percentage recovery of various amounts of gold added 
to tissues and excreta of the white rat. The recoveries vai-y from 00 to 100 
per cent, except in one case, in M-hich 0.5 mg. of gold was aflded to fece.s. In 
this instance recovei'y was 81.0 per cent. This comj)ai’atively low recovery is 
probably associated with the inhibition of color develo])mont due to the pres- 
ence of large amounts of inoi'ganic .salts in relation to the small quantity of 
added gold. 

CONCI^U.SIO.N 

The method of Block and Buchanan for the Tiiicrodeterminalion of gold iti 
urine and blood has l)een modified to apply to tissues and feces. Kecoveries of 
added gold by this proccduia,* vary from 00 to 100 per cent. 

KKI'KinCNCK 
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A STORAGE VESSEL EOE BLOOE^^ 


Frederic B. Hoeiies, Cixcixxati, Ohio 


T he slow rate of diffusion of gases into oil delays, but does not entirely 
prevent, measiu’able changes in the gas content of specimens stored undei 
oil. The vessel shown in Fig. 1 was used for the anaerobic collection and stor- 
age of 10 to 15 ml. specimens of blood “under mereiuy.” It is compact, port- 
able, and stands firmly on its own base. It has pi’oved satisfactory in about 
eight months’ use in this laboratory. 

In preparation of the vessel for use, the lower expanded part of the outer 
bulb, the storage chamber (inner bulb), and the capillaiy and cup above it are 
filled with mercury. A piece of % by %2 inch rubber tubing (not shown) is 
attached to the nipple in the cup and extends about 2 cm. above its rim. Liquid 
anticoagulant in a graduated 1 ml. pipette inserted in the top of this tube is 
allowed to fl.ow toward the outer bulb until it passes through the stopcock. 
Then the stopcock is turned and the desired amount (usually 0.3 ml.) is de- 
livered into the chamber. The rubber tube is removed and the cock is re- 
opened to allow mercuiy to fill the capillary between cup and chamber. The 
rubber tube is again attached and filled with mercury from a capiUaiy pipette 
or syringe. 

The blood specimen is taken into a syringe containing oil. The glass tip 
of the sjTinge is inserted into the rubber tube. Any minute bubble trapped at 
this point is rejected through the capillary leading into the outer bulb. The 
unexposed specimen is allowed to flow into the chamber. Tfhen the rubber 
tube is removed, mercury in the cup immediately seals the top of the capillary. 
The cock is opened momentarily to allow mercury to flush blood from the capil- 
lary into the chamber. ^Mercury is snarled aroimd the walls of the chamber by 
gently shaking the vessel in a slanted position in order to mix the blood with 
anticoagulant, and later to maintain a uniform distribution of red blood cells 
in the specimen during sampling. To withdraw a sample for analysis, a clean 
piece of rubber tubing is attached as before. ^lercury from the capillary and 
a drop or two of blood are sucked into any convenient pipette and discarded. 
The sample is then drawn into a measuring pipette, such as the Tan Slvke- 
Ostwald. The remaining unused specimen is protected by resealing with mer- 
cury in the usual manner. 

naU. Internal Medicine. CoIIcko of Medicine. University of Cincin- 
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The dimensions oi’ parts of the api)arat,ns, wliicli are not eritieal, can be 
obtained l)y eoinparison witli tlie scale included in Fi<r. 1. ]'’or l)est results the 
capillary and bore of the pluf; of the cock must be free of offsets, bnlfres, or 


5 

O 



Fig. 1. — Two vlcw.'s of tho inorcury-jjcaled bloo<! J^torapo from tlo.* riplit 

front viow. 

Xjockets in which blood can collect, and should I)e of approximately O.S mm. 
inside diameter. The inside .iunetion of the capillary with the top of the chamber 
shoidd be abrupt .so that the capillary remains tilled with meiTiiry durin<r .stir- 
ring of the specimen. 



In Memoriam 


ARTHUR H. THO^IAS 

; Few names have been move closely identified with medical laboratories than 
has that of Arthur H. Thomas whose death occurred on August 31, 1942. 

The Thomas catalogue .stands on the shelve.s of nearly all clinical labora- 
tories. It is doubtful whether there is a laboratory in the country which does 
not have many pieces of diagnostic apparatus manufactured by the Thomas 
Company, The name Arthur H, Thomas has appeared in the advertising pages 
of ever}’ issue of The Journal of Laboratory and Clinical Medicine from Vol- 
ume 1, Number 1. 

A native of Pennsylvania, ilr. Thomas entered the employ of the old Phila- 
delphia firm of James "W. Queen and Company, dealers and maker's of optical 
and scientific instruments in 1892. He organized his own company in 1900. 
Since then, Arthur H. Thomas Company, dealers in laboratory apparatus aird 
reagents, have remained among the leaders in their field. 

iilr. Thomas was a Tr-ustee and Director of Brr-n ilawr College and a 
member of the Board of Managers of Haverford College. He was a member of 
the Board of the Provident IMutual Life Insurance Company. 



DEPARTMENT OF ABSTRACTS AND REVIEWS 


]{oiiK!iT A. Kii.DUf'Ff:, M.I)., AiiktI!.u,t Kditoi: 


TEYPSIN, Method of Assaying StiUahlc, for Eoutinc Use in Diagnosis of Congenital Pan- 
creatic Deficiency, Andersen, D. H., and Early, M. V. Am. .1. Dis. Cliild. G3: 801, 
1942. 

'Die inodiliod Fermi melliod is carried oat iih foll(iw.«: 

The substrate is a 7.iS jier cent .solution of Knox gelatin, obtained from the local 
grocer. In a dO c.c. beaker are placed 18.75 (im. of gelatin. .Miout 49 e.c. of cold distilled 
water arc gradimlly added, atid the mixture is stirred until it is a semiliquid paste free 
from lumps. This paste is tninsferred through a small funnel to a 259 c.c. volumetric 
llask, and the beaker and futincl are washed with about 1911 c.e. of water, 'i'he flask is 
heated on a water bath, with occasional shaking until the solution is clear. Jt is then 

cooled, made up to volume with water, and replaced on the water bath until the gelatin 

is entirely melted. The flask is shaken until the contents appear homogeneous. The 
gelatin is transferred to a stock bottle, and a small amount of thymol is added. When 

stored in the refrigerator, the .substrate can be used for at least six wc<“ks. 

The substrate should be left to melt in an incubator at a temperature of .'!7° C. for 
approximately one hour before using. Twenty Wassermann tubes are set in a rack in pairs 
and labeled from 1 to 19; 2 c.c. of melted substrate are placed in each with a tratisfcr 
pipette. One cubic centimeter of duodenal juice is placed in a 19 c.c. volumetric flask and 
made up to volume with a 5 per cent .solution of sodium bicarbonate, this giving a 1:19 
dilution. One cubic centimeter of this material is placed in a second 19 c.c. flask and 
made up to volume in the same way, with a resulting 1:1(I9 dilution. Kach of the flrst 
pair of tubes then receives 0.125 c.c. of the 1:199 dilution, measured with a 1 c.c. :Mohr 
graduated pipette, and 1.S75 c.c. of 5 per cent sodium bicariionnto solution: this makes a 
total volume of 4 c.c. in each tube, of which 0.00125 c.c. is duodenal juice. The remaining 
tubes are set up in a similar manner; the second pair e;ich receives 0.25 c.c. of 1:100 
dilution, and the following ones 0.5 and 1.0 e.c. of the 1:100 dilution; then 0.2, 0.4, O.S, 
and l.G c.c. of the 1:10 dilution; and finally 0..'i2 c.c. of the undiluted juice in a total 
volume of 4 c.c. The remaining pair of tubes contains no juice and serves ns a control. 
Each of the tubes is then covered by the thumb and inverted several times to insure 
mixing, care being taken to handle the control tubes first, then the pair with the lowest 
concentration of juice, and so on in order. The rack of tubes is incubated for one hour 
at 37° C. and is then left in a refrigerator at about 4° C. Twenty to twenty-four hours 
later the tubes are removed from the refrigerator and read immediately. The lowest 
dilution in which the gelatin has liquefied in one or both tubes is considered as the rending. 

PNEUMONIA, Eecognition of Virus Type, Goodrich, B. E., and Bradford, H. A. Am. J. 

Itl. Sc. 204: lfi3, 1942. 

Virus-type pneumonia presents specific clinical features permitting diagno.sis by positive 
findings. Diagnosis by exclusion alone is seldom necessary. 

Chemotherapy with the sulfonamide group of drugs is not indicated in this disease. 
Recognition of this disease may avoid needless .and possibly dangerous therapeutic efforts. 

The initial roentgen ogr.aphic appearance m.ay closely simulate acute exudative tuber- 
culosis. Progress roentgenographic study may be necessary for differentiation. 

There is evidence that this disease is now showing an increasing incidence. This fact 
is explained not alone by familiarity with the clinical concept. 
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TTIBBUCIiE BA.CILIiTJS, A MetUod of Staining, Weiss, E. Atn. Ecv. Toberc. 42: 

199, 1942. 

1. Mordant: The niordunt consists of two separate .solutions. Solution A contains 100 
Gm. of tannic acid dissolved in 100 c.c. of 9.5 per cent alcoliol. Solution B contains 15 c.c. 
of glacial acetic acid diluted to 100 c.c. with 15 per cent dilution of “solution fonnalde- 
liyde” (Mcrclt), Before using the mordant, one part of solution A and two parts of solu- 
tion B arc mixed together. This mixture does not require filtering and keeps for several 
weeks. .Solutions A and B keep indefinitely, 

2. Safranine (or pj-ronine) stain; Two and one-half grams of safranine or pyronine 
are dissolved in 100 c.c. of 10 per cent alcohol. The dissolving process is facilitated Ijy the 
application of heat. The solutions arc then filtered and keep indefinitely. 

3. Decolorizcr; Fifteen cubic centimeter of glacial acetic acid are diluted to 100 c.c. 
with acetone. This decolorizer keeps very well. 

4. LoiBer’s methylene blue: Tliirty cubic centimeters of a .saturated alcoholic solution 
of methylene blue (5 6m. dis.solved in 100 c.c. of 95 per cent alcohol) are diluted with 100 
c.c. of a 1:10,000 solution of potassium hydroxide. The filtrate keeps welL 

Stainino Technique. — (1) Prepare uniformly thin smears and fix the dry smears over 
the flame. (2) Cover the slides with the foregoing mordant mixture and steam for five 
minutes. (3) Wash with running water. (4) Cover the smears with the above safranine 
or pyronine stain and steam for five minutes. (5) Wash with running water. (6) Decolorize 
the slides with the above decolorizer until they become colorless. (7) Wash vigorously with 
running warm water. (8) Cover the smears with Ldtfler's methylene blue for one minute. 
(9) Wash with running water and allow the slides to dry. The tubercle bacilli appear as 
large, thick, deeply red-stained rods while the other bacteria and tissue structures are stained 
blue. 

Evaluation of the procedure: The proposed method has been compared with the Ziehl- 
Is’eelsen method on at least 250 diagnostic smears. Tlie tubercle bacilli appeared not only 
thicker and larger but also more numerou.s. Thc.se observations are based on actual counts 
performed on the above specimens. 


ALKABTONTTEIA, The Instantaneous Diagnosis of, on a Single Drop of Drino, Fishberg, 

E. H. J. A. AI. A. 119; 882, 1942, 

The urine is made strongly alkaline with sodium or xmtas.rium hydro.xide and dropped 
on regulation sensitized photographic x)ai)er. Wherever a drop of the urine touches the 
paper, the latter turns coal black instantly, a process similar to that used in everyday 
photography. This may be done in full daylight. 

ATo other substance present in urine, either normally or pathologically, i.s capable of 
reducing the photographic paper in this manner. Diabetic urine, no matter how high the 
concentration of reducing sugar, remains without cltect. Also, tlic higher concentrations of 
vitamin C present in urine after metabolic experiments do not act in this manner. 

Since alkaptonuria is either total or absent and the substance is excreted in quantities 
as high as IG Gm. a day, usually, however, about 3 to 5 Gm., the reaction is unlikely- to be 
negative in an alkaptonuric patient at any time. 


ORAL GLDCOSE TOLERANCE TESTS, Instances of Disagreement in tlie Results of Two 
Types of, Langner, F. H., and Dewees, E. J. Am. .1. AI. St. 204; S5, 1942. 

From a group of KiO svibject>- who had .mbmitted to the two-dose, one-hour glucose 
tolerance test, IG cases are presented in wliieh the re.sulls were border line or slightly ab- 
normal. A one-dose test was also performed on these persons. In ].3 instances the one-dose 
test and tlve :ivailablc clinical data indicated a normal carbohvdrate metabolism and there 
fo... «wc i„ „i,l, ,1,. „„ .,1^^ „,1„. j,,,,' 
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PORTAIi CIRRHOSIS, Gottardo, Paul, and Winters, W. L. Am. ,T. :M. .Se. 201: 205, 1012. 

A series of 21 cusc.s of jiorfnl cirrhosis of tlie liver in varying; stiiKes w:i.s studied in 
an attempt to correlate clinical and laboratory tlndinj;.". The diafjnosis uas contirmed by 
peritonco.scopy in 20 cases and by iiosl-inortem e^amination in •{ cases. Marked clmiige in 
the scrum albumin and K'ohulin wore noted in 100 per cent of tlu* cases. There was a 
marked tendency to the lowerinjj of the serum albumin aird :i rise of the serum plobulin, 
with a consequent lowerinff of the albumin "lolmlin ratio in :ill cases. There was a reversal 
of the albumin-globulin nitio in two-thirds of the cases, .liiundice was a fairly constant 
feature, being present in some degree, as measured by the icteric, indc.v, in all cases, .laun- 
dice was evident on ]iliysical e.xamiimtion in 70 per cent of the cases. Clianges in the 
peripheral blood were marked in 00 per cent of the cases. A macrocytic or hyperchromic 
anemia was present in 07 per cent of the cases while 25 ]>er cetit exhibited a microcytic or 
hypochromic anemia. One case presented a typical severe sickle-cell anemia. Deficiency of 
liver function, as determined mainly by the hippuric. acid test and also by a glucose toler- 
ance and a bromsulfalein test, was noted in .St; jier cent of the cases. AVlien the scrum 
protein determinations were utilized ns a liver function test, 100 per cent of the cases ex- 
hibited a diminution of liver function. 

A correlation of clinical and laboratory findings, together with peritoneoscopic exam- 
ination of the liver and post-mortem analysis, would appear to offer useful fields of investi- 
gation in liver disease. 

RENAL GLYCOSURIA, The Renal Blood Plow, Glomenilar riltr.atlon Rate and Degree of 

Tuhul.ar Reahsorptlon of Glucose in, Prlcdman, M., Sclzcr, A., Siigarman, J., and 

Sokolow, M. Am. ,T. Af. .Sc. 201: 22. 10-12. 

The effective renal blood flow (diodrast clearance) and the rate of glomerular filtra- 
tion and the degree of renal tubular reabsorption of glucose were studied in 7 normal per- 
sons, and in 5 patient.* with renal glycosuria. 

The effective renal blood flow and glomerular filtration in the ]>atient with renal 
glycosuria wore found to be normal. 

The lessened tubular reabsorption of glucose in the jyerson with renal glycosuria does 
not appear to bo due to an organic kidney defect, for at plasma glucose levels above 20(t 
mg. per 100 c.c. the eflicicncy of ttibular rea1).«orjition of glucose in these cases equals or 
exceeds that found in nonglycosuric patients. 

GALACTOSE TOLERANCE, Studies on. With Special Reference to ThjTOid Disease, 

Rosenkrantz, J. A., Bruger, M., and Lockhart, A. J. Am. J. Af. Sc. 204: 3.5, 1942. 

The factor of age per so apiiears to e.xerl little or no influence on the galactose toler- 
ance curve. 

Patients with hyperthyroidism. Bright ’s disease, iipjier resi)iratory infections, malignant 
disease, and those who have recently received sulfonamide theraj)y frequently demonstrate 
impairment in g.alactose tolerance following the onil administration of this sugar. The 
impairment in galactose tolerance, however, is most marked in patients with thyrotoxicosis, 
which may be ascribed to a dual mechanism: (a) inereased rate of absorption of this sugar 
from the intestinal tract and (b) hepatic damage. 

Patients with diabefe.s mellitus arc shown to have a nonnal tolerance for ingested 
galactose. 
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ANTIBODT PRODUCTION AND THE ANAIINESTIC REACTION^- 


PAmi R. Caxxox, ILD., Chicago, III. 


S O]ME important aspects of antibody production iiave remained obscure for 
many years because of the doubt coneeming the chemical nature of anti- 
bodies. The problem of antibody action, therefore, has received more attention 
than has that of antibody structure- Within the past few years, however, new 
facts about the chemical constitution of antibodies have suggested new methods 
of approach to the general proiilem of antibody formation. The resultant rap- 
idly changing viewpoint can be briefly summarized as follows; In 1929 Wells, ^ 
in expressing the commonly held opinion of that time, said, “We have absolutely 
no knowledge what these antibodies may be, or even that they exist as material 
objects. Like the enzj'mcs, we recognize them by what they do without knowing 
just what they are. We do not know whether they are specific molecular aggre- 
gates or merely physical forces dependent on altered surface energy' of the same 
substances which were already present in the blood before the process of immuni- 
zation was even begun.” Zinsser, two yeam later, indicated a chan^ng point 
of riew.= “It is generally assiuned that antibodies cannot be separated from 
proteins and are usually contained in the pseudoglobulin fraction, in some cases 
in the euglobulin fractions of the sera.” By 1938 Heidelberger had stated the 
current view in these words “Although un-iters on immivnologr- are stfll to 
lie found who prefer to consider antibodies as ideas, rather than chemical sub- 
stances, there is now much evidence that antibodies actually are modified serum 
globulins.” And llavraek has recently said (1942) “Now, however, that a 
large volume of evidence has accumulated which shows that antibodies are modi- 
fied serum globulins, the chief problem has become the stnicture and properties 
of proteins in general and the special characteristics of antibodies in par^ 
tUn^.” With the chemical composition of antibodies thus definitely established 
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it should now be possible to ])r()eeed more confidently to the study of the con- 
ditions that influence their production. 

Present-day theories refiardinir the formation of antibodies all a^roc in 
postulating their intracellular ])roduclion from globulin. The molceiiles of 
globulin are .synthesized in stereochemical relationship to antigen, aiid when 
released, exhibit speeifie affinities for this antigen. 'I'he theory of Breinl aiul 
Ifaurowitz’’ assumes that during the jiroeess of antibody formation antigens 
enter into the mixture of amino acids and peptides and induce new groupings. 
The formation of antibody thus rej)re.sents the .synthesis of a special kind of 
globulin in which the molecules orient themselves in ways eharaeteristie for 
each antigen. As the antibodies ]>ass into the blood the antigen remains behind, 
thereby continuing to influence the formation of n(!W antibody globulin until 
the antigenic components are destroyed or eliminated from the antibody-])ro- 
ducing cells. Alexander" ])osfulates the development within cells of “new 
speeitie catalysts” capable of directing antibody synthi'sis. During their de- 
velopment the antigen becomes an ‘‘essi-nlial part of the directive surface of the 
catalyst i)artieles, thereby leading to the formation of groui)s of j)articles with 
reversed electrostatic charge patterns.” liy such a mecdianism minute fpinn- 
tities of antigen, even as little as one molecule, can “convert a cell or an extra- 
cellular catalyst into a potential ju-oducer of antibody.” Mudd's theory' em- 
bodies the idea that antibodies are syntlu-.sized from jiei)tide.s and amino acids 
in an “orienting environment, namely, the antigen-i)rotoplasm interface.’’ 
Amino acids which become coupled to the growing antibody molecule must con- 
form to the “.si)atial and chemical requirements of the interface in which syn- 
the-sis is ])roceeding.’’ Therefore, the antibody eorre.sponds structurally to the 
configurations of the antigenic surface and hence is specific, i.e., after di.s.socia- 
tion it can recombine with antigenic molecules of similar structure. Further- 
more, after di,s.soeiation the antigen again is available to act as a directive pat- 
tern for further synthesis of antibody. Pauling' has suggested recently that 
during antibody formation the molecules of antigen act as directive patterns or 
templates in the proee.ss of globulin .synthesis; eonsecpiently, a molecule of anti- 
body differs from a molecule of normal globulin only in the ])ortion of the coiled 
polypeptide chain which has been “temi)lated’’ during .synthesis by contact with 
portions of the antigen. According to this concept normal globulin and anti- 
body globulin are essentially identical chemically but differ structurally some- 
what as one automobile tire may differ from another in tread pattern although 
being chemically similar. Further verification of this concept is .suggested by 
the recent experiments of Pauling and Campbell,®’ demonstrating the forma- 
tion of specific antibodies in the test tube by a pi’occss of “unfolding” of poly- 
peptide chains, followed by a “refolding” in llie presence of antigen. Later 
dissociation of the complex rclea.ses the antibody globulin molecules which can 
then recombine with their specific antigen. 

Inasmuch as these theories and the facts on which they are based all war- 
rant the conclusion that antibody globulin is specifically modified normal glob- 
ulin, it becomes evident that the mechanism of antibody formation is closelv 
related to that of globulin production. Furthermore, if both types of globulin 
arise from the same source, deficiencies in the formation of the one must be 
related to deficiencies in the production of the other. It would seem, therefore 
that a clearer understanding of the conditions determining the production of 
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globulins should help to elucidate lioth the nature of the antibody mechanism 

and the processes of aiitibody production. _ _ 

iluch progress has been made in recent years in the search for the origin 
of the serum proteins, and many vrorkers have emphasized the importance of 
the liver; but, as has been pointed out,’* contradictory experimental results 
make it impossible to conclude that the liver is the sole source. Keimann, ^Iede.s, 
and Fisher, in their revieiv of the subject,” remarked; ‘'It ivoiild, however, 
seem reasonable to search for the site of origin of blood proteins in the blood- 
formins organs and. for this reason, the bone marrou , the endothelial sj stem 
including the liver and spleen, and the cellular elements of the blood have been 
widely studied. Since it is now generally accepted that bilirubin arises from 
hemoglobin after the dissolution of eiwthroe\-tes, it seems plausible to suggest 
that the plasma proteins might arise in a similar manner from certam cells in 
the circulation or in the bone marrow, or from tissue cells generally. It would 
be in the nature of biologic economy to utilize the substances thus libei’ated, and 
certain experimental and presumptive evidence supports this mew. ' ’ 

Evidence substantiating this suggestion of Reimanu, IMedes, and Fisher has 
come both from observation and experiment. Tluis Downey and Weidenreicli*" 
observed the .shedding and dissolution of protoplasTuic material from- l.vmpho- 
cytes and plasma cells and thought that this might indicate a secretory activity 
of these cells. Sabin’^ reasoned from her earlier studies on the origin of the 
blood vessels in the chick blastodenn that “since for a vessel to function as 
such it is essential for the plasma to contain some protein to maintain the balance 
of intra- and extracellular fluid, the origmal transformation of a solid mass 
of angioblasts into a vessel involves the sacrifice of some cytoplasm to make the 
serum proteins.” Her later experiments utilized “marked antigen” of alum- 
precipitated dye protein, the fate of which, when it was injected into rabbits, 
could be seen within macrophages. She obsciwed that “coincident Avith the 
time when the dye protein is no longer Ausible within the cells and when there 
are antibodies in the serum, there is a marked shedding of the surface films of 


the macrophages without damage to them.” If this pi'ocess of cytoplasmic shed- 
ding is a general property of globulin-producing cells, any such cell which can 
phagocytose antigen or alloAv its entrance into the cytoplasm may be a precursor 
of antibody; furthermore, a part of the antibody globulin may remain within 
the cell for long periods of time instead of being “sacrificed” as blood protein 
to the surrounding fluids. Landsteincr and Parker" have shown, in tissue cul- 
ture, that in the fluids resulting from the giwth of connective tissue cells of 
chicks in rabbit plasma, proteins are formed Avhich react by precipitin tests with 
sera from rabbits injected with chicken serum. No attempts Avere made to de- 
termine Avhether the proteins Avere albumins or globulins, but the experiments 
furnished presumptive evidence that connective tissue cells can fonn serum 
proteins. It Avould he of particular interest to knoAv to what extent such cells 
can produce globulins; their inability to do so aderiuately and eontinuou.sIv 
under the artificial conditions of tissue culture might explain the numerous con- 
flicting results of attempts to produce antibodies in vitro. 


The idea of the intracellular origin of globulin becomes e.speeiallv imnor 
taut in connection with the possibility that immune reactions mav oc-mtr inde' 
pondently of the presence of antibodies in the blood. Besredka *= in Ins formir 
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lation of tlie concept of local iiiiimuiity, jiostulalcd a local tissue iininuiiity willi- 
out the ol)ligaloi’y participation of antihoflics in the circulating lluids. Kahn’' 
suggested that specifically iininunizcd tissues may ac(iuire a capacity for union 
with antigen independent of the ])rescncc of antibodies in the blood serum. 
Secgal and SeegaP' demonstrated antibodies in ocular ti.ssucs in the absence of 
demonstrable antibodies in the adjacent extracellular fluids. Jliencs and Mal- 
lory’* pointed out that liyjier.sensitivcne.ss of the tuberculin typo may occur in- 
dependently of the jirc.scnce of humoral antibodies and concluded tliat “if cir- 
culating antibodies arc involved in the mcehanisin of tins type of hypersensi- 
tivity tliey must be of an unknown nature or else exist in tbc blood stream in 
some as yet undetectable form. It a|>pear.s more jirobablc that we arc dealing 
with an altered tissue reactivity.” AValsh and Cannon’'-’' ■“ concluded that 
regional immunization may lead to the formation or accumulation of antibodies 
in locally immunized tissues in concentrations higher than in other organs of 
the same animal and at times even higher than in the blood serum. Although 
the above workers have all used methods which are admittedly' inadequate in 
some respeet.s, sufiicient evidence exists, neverthcle.ss, to indicate the presence 
of changed reaction cajiacities of tis-sues which do not jiarallel the antibody 
content of the blood. Inasmuch as the solution of many of the jiroblems of 
allergy and of tissue immunity deiiends ujion the understanding of the relative 
influences of cellular and humoral immune reactions, continued efforts must be 
made to determine their re.spccfivc potentialities. 

An immune phenomenon hitherto not adequately studied is the anamnestic 
reaction. This jihcnomcnon, while generally recognized as a source of error 
in the interpretation of certain laboratory jiroeedurcs, has not received the 
theoretical attention it deserve.s. The name “anamnestisehc .scrum rcakfion” 
resulted from observations by Conradi and Biding-’ in 1910 that soldiers pre- 
viously vaccinated with the typhoid vaccine had a sharj) rise in titers in the 
Grnber-Widal reactions in the counsc of febrile disca.ses that stimulated typhoid 
fever, but that later jirovcd to be something else, as for example, typhus, miliary 
tuberculosis, pneumonia, erysiiielas, bacillary dysentery, ‘Weil's disease, etc. 
Conradi and Biding demonstrated in rabbits immunized .'igainst typhoid bacilli 
that the later injection of colon, dijilithcria, or dysentery- bacilli also caused a 
sharp rise in the titer of the serum against typhoid bacilli. Tliey concluded, 
therefore, that the stimulation of antibody-producing cells by heterologous micro- 
organisms caused them to “recall'’ their previous jiroduction of antibodies to 
typhoid bacilli. 

These observations of Conradi and Biding, although not new, served to 
emphasize the significance of earlier ones. Dieudonne,== for examjilc, as early 
as 1906 had shown that the injection of .sodium cinnamic acid into typhoid- 
immunized rabbits with low agglutinative titers caused a renewed formation of 
agglutinins. This demonstration apparently aroused but little interest until the 
diagnostic problems arising in AVorld AVar I called renewed attention to the 
importance of the anamnestic reaction. Thus, Fleeksedcr==' iu I9i6 eoncluded 
that many kinds of febrile diseases could cause a sharp rise in the concentration 
of agglutinins to the typhoid bacillus in the serum of immunized persons, and 
AVeil and Felix=’ saw a rise in titers in the Gruber-Ai’^idal reaction in approxi- 
mately 53 per cent of patients in the course of typhus, as well as to some degree 
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in other infections processes. In 1917 Dreycr and Imnan=^^ emphasized the 
importance of quantitative methods in agglutination tests in typhoid-immunized 
persons ^Yith enteric disease because of the concomitant production of major 
and minor agglutinins. In the same year Baehr^*^ said; “It has been oceasion- 
aUy noted that the lYidal reaction may liccome positive during any febrile 
disorder in persons who previously had typhoid fever or who have recentlj been 
vaccinated with typhoid bacilli. . . This temporary lighting up of the Widal 
reaction during typhus fever was commonly observed by the German and 
Austro-Hungarian army bacteriologists in Russian Poland and Yolhynia, for 
all the troops had received typhoid vaccinations. “ It was not known until manj 
years later that the capacity to produce agglutinins to the typhoid bacillus after 
immunization may persist in healthy persons for as long as from six to nine 
years.^' 

The demonstration by Dicudonne that nonspecific agents can elicit the 
anamnestic response was confirmed in 1917 by Kirstein"® in his experiments 
showing that infection of tj-phoid-immunized rabbits with vaccinia virus also 
caused a mobilization of agglutinins to the typhoid bacillus. He emphasized 
particularly the fact that nonbacterial agents had a stimulative effect. In aU 
of these earlier observations, however, the primarj' emphasis was on the prac- 
tical aspects of the reaction because of the diagnostic difficulties presented, and 
only a few efforts were made to ascertain the cause of the anamnesis. Some 
attributed the reaction to the reappearance of “prefonned antibodies”;®" others 
thought that the acute hyperplasia of the .spleen was responsible ; only Conradi 
and Bieling made any attempt to determine expeiimentaUy the underlying na- 
ture of the phenomenon. 

The anamnestic phenomenon can be demonstrated, also, against nonbae- 
terial antigens. Obermeyer and Pick®® in 1904 observed the reappearance of 
precipitins to beef serum after injection of horse albumoses in rabbits previously 
injected with beef serum. Little attention was paid to this aspect, however, 
until 1917, when Hektoen®® pointed out an impoidant source of error in the 
production of precipitins for foreign sera in that, when rabbits were injected 
with one type of serum and were later injected ivith a heterologous serum, pre- 
eipitins to the first serum reappeared. He said at that time: “The particular 
point on which special stress is placed now is the capaeitj- of the rabbit imder 
suitable conditions ... to elaborate different precipitins at the same time. It 


appears that the precipitin production induced in the usual way leaves behind 
it an increased power of further production so that large amounts of major as 
well as group and minor precipitins are elaborated on the injection of a new 
serum or blood, ilanifestly, the phenomenon is an expression of an increased 


reactivity and may be classed with other manifestations of allei’gy. ’ ’ Bielino- 
in later experiments, re-emphasized the idea that the changed reaction capacity 
of tissues is an expression of allerg>' whereby tlie power of a cell to produce 
antibody can be changed both specifically and nonspeczfically. He msualized 
the immune state in a cell as a process of development of a nonspecific hY-per- 
susceptibility to other kinds of stimuli: as a result of this, later stimuli can 
engender the appearance of nonspecific antibodies in the pretreated animal 
5r.cka„.ic and FriilbaMr” reported that after preeipi, ins to forcim prLin, had 
dtsappeared from the Mood. later injection of another protein eat^cd them to 


132 


TIIK .lOUKNAl. or OAHOItATOUY AND (JIANICAD AIEDICINK 


reappear; fuvlhcrmorc, tlu* i>recii>ilins (o flie last anti;j!en previously injected 
were llic first to reappear, [{cktoeii nn«l Welker'*" have shown, also, that subsc- 
(piont to the indnetion ainl disapjx'araitee t)l' rntilliide j>roeipitin formation by 
tlie suece.ssivo iiilrodiielioii of dif/ereiit anti^'en.s, the injection of only one of the 
antigens previovi.sly used may caaso tlie roa])pearanee of preeipitins to tlic .same 
as well as the other antigens. 

During the entire iteriod of study of the anannn'.siie reaction, mineee.ssary 
confusion has centered around the use of the t(‘rin itself. 'I'lie word ‘‘anamne.sis” 
means “a recalling.” and in the anamnestic reactiem the antihody-jjroducinii 
cells pre.siunahly "recall” or " remember” a jirevious antigenie experience 
during tlie course of a suhseipient and fre<iuently unrelated type of cellular 
stimulation. Decause of the heterologous nature <if the later stimuhis too sharp 
a restriction has been placed upon this feature of the phenomenon. As Topley'*' 
has said; "In this connection we note the terminological confusion ■which has 
sometimes arisen in the literature. 'I’he production, in respon.se to an antigenie 
stimulus, of an antibody that has been produced in the tissues on .some jirevious 
occasion is often referred to as an aiiamnestie reaction (anamne.sis recollection). 
Sometimes this term is used in connection with the type of nonspecific stimuhis 
to which we have just referred — tlie tissues are stimulated to general activity, 
in which is included the renewed iiroduction of a jiarticular antibody that has 
been formed at some time in the past. Sometimes, jierhaps more Jiccuratcl.v, 
it is employed in reference only to those in.slances in which the particular chem- 
ical stimulus concerned formed part of the earlier esiierieiicc of the antibody- 
producing cells.” There can be no doubt, therefore, that Topley applie.s the 
term "anamnestic reaction” both to the nonspecific and the siiecific liberation of 
antibodies into the blood stream conse()uenl to a later antigenic stimulation. 
This broader ]ioint of view imiilies, therefore, that if antihody-prodneing cells 
are to manife.st some type of "recollection” of an earlier antigenic experience, 
there is no reason why tiiis should hajipen only after a nonspecifie stimulation. 
The determining feature of the anamnestic reaction is the sjieedy release of 
antibodies from their site of iiroduction. regardless of the stimulus which ma.v 
bring it about. Acee])1ance of this jioint of view makes it immaterial whether 
the reaction is called "anamne.stic,” "secondary immune respon.se,” "injection 
de rappel,” or the reaction to "stimulating,” "booster,” or "repeat” injections. 

In the present discussion the anamnestic leaction is considered to be the 
result cither of nonspecific or specific stimulation of antibody-producing cells 
which have undergone earlier antigenic stimulation. After nonspecific .stimu- 
lation there is the reapiiearance of antibodies to the earlier antigen; after 
specific stimulation there is an earlier and more ahnudant rea])pearanec of anti- 
bodies to the specific antigenic stimulant. 

The importance of tiie anamnc.stic phenomenon is seen also in infeetious 
processes. For example, (lie use which i.s now being made of the so-eaUccl 
‘‘stimulating” or ‘‘boo.stor” injections of toxoids in order to call forth an 
accelerated liberation of antitoxins****'**® is an instance of ‘‘specific anamnesis,” 
whereby higher levels of antitoxic immunil.v are attained in children and in 
soldiers who have been immunized previously with toxoids of diphtheria and 
tetanus. Jones and Moss describe the case of a person who eight months after 
immunization with tetanus toxoid suffered a puncture wound of the liand 
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HLs blood serum, when tested after immunization, had shown the following anti- 
toxic levels; at six weeks, one-tenth unit per cubic centimeter; at twelve \veeks, 
one-twentieth unit ; at six months, one-fortieth unit. On the day following the 
injury he was reinjected with 0.25 c.e. of alum-precipitated tetanus toxoid; his 
blood serum, tested one week later, contained one-tenth unit per cubic centi- 
meter, and four weeks later, one-half unit. The authors estimated that his total 
blood, therefore, would have contained approximately 3,000 units of antitoxin, 
or “more than enough antitoxin to protect against the development of clinical 
tetanus” as well as to possess an active immunity far superior to the passive 
protection which would have been po.ssible by tlie injection of antitoxin. These 
authoi’s showed later, moreover, that stimulating injections of toxoid not only 
accomplished the accelerated elevation of antitoxic levels in the blood, but that 
these levels persi.sted longer than after fii’st injections. It is not ruilikely that 
in pei’sons adequately immunized wth toxoids a later infection with diphtheria 
or tetanus bacilli will, because of the speedy liberation of small quantities of 
toxin into the tissues, engender an accelerated secondary I’esponse and thus 
bring freshly liberated antitoxins riuiekly to the site of dcvelopmg infection, 
thereby favoring an early termination of the infective focus. 

The anamnestic reaction may operate similarly m infections in which anti- 
genic stimulations accompanying the acute infectious process may liberate, in 
varying degrees, antibodies engendered by earlier antigenic experiences. It is 
conceivable that such a response wovrld help materially in restraining the de- 
velopment of incipient secondary infections which might otherwise complicate 
seriously the major infectious process. For example, Hektoen and Boor®® called 
attention to the fact that '‘the serum of apparently healthy persons contains, 
as is well known, small quantities of a great variety of antibodies for infectious, 
as well as non-inf ectious, antigens ... it seems reasonable to assume that 'nor- 
mal antibodies’ may develop in response to antigens that enter the blood from 
the digestive and respiratoiy tracts, as well as in other ways. ' ’ 

It may be recalled that during the first World 5Yar the most serious compli- 
cations of influenza and measles occurred in soldiers from the sparsely settled 
rural areas. These men, presumably, had had fewer antigenic experiences with 
microorganisms commonly implicated in respiratory infections than had soldiers 
coming from the thickly populated urban areas. It is possible that, during the 
coui-se of influenza or measles, the anamnestic mobilization of multiple anti- 
bodies to various types of streptococci and pneumococci may have played an 
important part in restricting the early growth and spread of secondary bacterial 
invaders which might otherwise have caused serious or even lethal infections. 

The anamnestic reaction may also play a beneficial role in the ti-eatment of 


chronic or focal infections in which, pre.sumably. foci of infective agents persist 
in the tissues over long periods of time. For example, in the treatment of chronic 
syphilis, arthritis, or iritis, stimulation of the antibody mechanism bv various 
foreign protein materials, sucli as typhoid vaccine, milk, malarial parasites, or bv 
hyperthermic means, may cause the liberation into the blood stream of .sit^nifi- 
cant amounts of specific antibodies engendered by previous antigenic experirace.s 
but wiiieh could not otherwise gain access to the infected foci -fcTOrdiim to 
Ceeil.- ••perhaps the most important function of the foreign protein reaction 
IS the mobilization of immune bodies in the circulating blood. . . Indeed it has 
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licen shoMii Iiy nuiiieroiis mitliors liial any I'orin of fovcr is coiHliicive to an 
increase oi’ immune bodies in the circulalin^ lilood. Whellior Ibis is due to an 
increased formation or to increased moliilization of antibodies it is difticult to 
say." O'Leary" al.so remarks: “Tlic literature contains numerous ]iypotliese.s 
as to tlie meclianism that produces tlie satisfactory results of fever therapy, but 
not one of tbe.so offers suOicient evidence to varrant its aceeiitance exceiit a.s a 
theory. In tlie fever induced by the malarial treatment, as well as in that pro- 
duced by other nonsiieeitic aprent.s, it is my imiire.ssion that the satisfactory 
therapeutic effects arc the result of .some fundamental chang:o in the iimnunolo<;ic 
processes, the nature of which is unfamiliar. The hip:h temperatures which are 
lU'oduced may be a factor in bringing- about these changes.'’ Although more 
examiiles might be cited, tlie.se will suftlee to illustrate tbc general importance of 
the phenomenon, not only through its efl'cets upon various laboratory iirocedurc.s, 
but also upon many important problems of acipiired rcsi.stance. 

Perhajis, however, the relationship of the anamnestic reaction to the jiroblcm 
of antibody production is of even greater signifieanee. Although it is now 
generally agreed that, the aiitibody-jirodueing mechanism consists predominantly 
of macrophages comiu-ising the retieulo-endothelial system, it is po.ssiblc that 
antibody formation may be more widespread. In fact, any cell which can ac- 
tively phagoeyto.se foreign antigenic materials, or even allow them to enter it.s 
cytoplasm and remain there while globulin is being .synthesized ma.v, pre- 
sumably. either produce antibody for relea.se into the circulating lluicls or de- 
velo]) a changed reaction cajiacity to the same type of antigen. It seems jwob- 
able, therefore, that several kinds of cells may play an inpiortant part in the 
synthesis of globulin and that tissue globulin functions as the mother substance 
or matrix from which antibodies are foi-med, regardless of whether they are 
liberated into the blood or remain at their sites of formation. 

Such a matrix of globulin, if it is to function effectively both for the pro- 
duction of antibodies and for the jire.servation of the antibody mechanism it.self, 
must be adeipiate (lualitatively and (luantilatively. (ton.sc(|uently, the reserves 
of tissue globulin must have been properly constructed during .synthesis, and 
in sufficient amounts. Inasmuch a.s t he.se ari.se ultimately from amino acids 
in the food, nutritional conditions suitable for the effective synthesis of globulin 
are necessary. This particular asj)ect of the ])roblem will not be discussed in 
the present pajicr, since it has been considered in more detail elsewhere.''- It 
is a well-known fact, however, tliat the production of antibodies is, as a rule, 
poorer in conditions of immaturit.v, severe malnutrition, and excessive loss of 
blood proteins. 'While the causes of this imj)aired capacity to form antibodies 
are still unlojown, antibody-producing cells posse.ssing an adequate content of 
tissue globulin of good quality should be capable of synthesizing as many varie- 
ties of specific antibodies as there are antigenic templates to influence their 
specific formation. Helctoen and Boor"® have shown that the injection of 35 
different antigens at one time engendered the simultaneous formation of 34 
specific antibodies. Furthermore, Delves^® found that the immunization of I’ab- 
bits with a mixture of ten kinds of laked blood led to the simultaneous produc- 
tion of specific precipitins for many blood proteins and specific agglutinins and 
lysins for different species of blood corpuscles. These findings indicate that 
under normal conditions of antibody formation, antibody sj-nthesis depends upon 
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the presence mthin tlic antibody-producing cells of antigenic components, re- 
gardless of tlieir numbers at any one time. The process may be likened to 
that .of the printing of letters of dough for the preparation of alphabet soup. 

If one compares the dough to tissue globulin, one can think of it as passing 
tiu’ough a stamping machine with the various letters of the alphabet emerging. 
If, however, some of the letter molds become injured or lost, the letteis will 
come out poorly marked or not marked at all. Furthennore, if the supply of 
dough runs low or deteriorates in quality liecause of dilution or other change, 
letters of poor quality will emerge. 

K globulins, whether normal or specifically modified by antigen are products 
of cells, it becomes essential that the supply of amino acids for proper cellular 
functioning he constantly maintained. Furthermore, it may be highly im- 
portant that the intracellular reserves of protein materials he maintained in 
these or in other cells of the body in order that globulin synthesis may go on 
uninterruptedly and even at an accelerated tempo in the presence of infection. 
"Whipple and his collaborators'*^ have shown that protem materials, particularly 
in the liver, constitute an important reservoir of readily mobilizahle px'otein 
aggregates which are in dynamic equilibrium 'with the blood proteins and which 
can be called upon in time of need for the nourishment of the protein-depleted 
tissues. Schoenheimer and his associates^® have sho'wn also that the process of 
interchange of amino acids within the tissues is extremely d\mamic, and that, 
if during the process of antibody srathesis, an amino acid (glycine) containing 
isotopic nitrogen is fed to a ralxbit, some of the heavy nitrogen quickly appears 
in the antibody globulin itself. It is evident, therefore, that even diu'ing the 
period of antibody fonnation amino acids in the food may play an active part 
in the construction of antibody molecules. 

This evidence of the active participation of amino acids of the food in 
antibody production re-emphasizes the problem of protein metabolism during 
infection. The loss of body protein during infectious disease, due to the fever, 
the toxemia, and the insufficient regeneration because of inadequate food in- 
take, may be an impoidant factor in the depletion of the protein reserves. For 
example, patients 'v\dth tj-phoid fever may lose as much as 100 6m. of body 
nitrogen in from eight to twelve days; the outstanding clinical fact in such 
patients is starvation. One may wonder in retrospect about the consequences 
of tlie low-calorie diets in the treatment of typhoid fever, particularly durmg 
those stages of the disease in which the tissues, presumably, needed an adequate 
supply of immime substances. It may be tliat the not infrequent relapses of 
tiiose times were caused, in part, by the scarcity of amino acids essential for the 
continued production of antibodies; and perhaps the favorable effects of the 
Coleman-Shaffcr Ingh-calorie diet,'*® with its eoi-respondingly higher content of 
amino acids, were due in some degi-ee, to the better production of antibodies as 
well as to the greater caloric values and the protein-sparing effects of the earljo- 
hydrate, Coleman^' has said concerning prognosis in U-phoid fever that “when 
a patient is well nourished, the natural history of the disease is profoundlv 
modified in many re.spects. There is evidence that complications occur less fre 
quently. Such complications as do occur are les.s serious in their consequences 
Tlic minnnnty processes appear to he favorahlv influenced.^’ He states further’ 
more, that from his observations “the mortality rates in patients who’ were well 
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nourished Avorc from oO ])or ceiil to 7~) per eent lower tlum in those wlio were 
partially starved.” Tliose ohserval ions sug‘_o'st, that in other .subacute and 
chronic infectious diseases, as for example, luherculosis, .syphilis, malaria, rheu- 
matic di.sease, etc., frood nutrition may also facilitate recovery to a considorahle 
degree by its action in jjromoting the more efi'eelive .synthesis of antibody globu- 
lin. 

The probability that the antibody mechanism is all’ceted by starvation is 
of ])articular importance today as one of tin; problems of war. The association 
of war, famijie, and i)e.stilenee lias long been known, but the reasons for the rise 
of epidemics an<l the higher death rates fimm infection are still not M’ell imder- 
.stood. During ^Yorld 'War I the incidence of tuberculosis rose greatly in Oer- 
many and elsewhere, and it has Ix-en estimated tliat at least 300,000 persons died 
as a result of the food blockade, many because of infectious di.seases. Part of 
this liigh dcatii rate has Iieen attributed to the lowered intake of jirofeiii in 
the diet. TJic jio.ssibilily that <lej>leted iirolein reserve's m:iy reduci' the capacity 
of a starving ])or.son to jiroduce antibody -globulin (luidcly and efi’ectively may 
be of profound iiniiorlanei' in any ineijiieni infection M'hieh might othcrwi.se 
be readily terminated. Kxperiments now in progre.ss indicate very definitely 
that rabbits with hypoiiruteiucmia. the result of jilasmaplicresis and a low jiro- 
tcin diet, .show an imiiaired ability to form ant iboilies. .Such experiments .sug- 
gest the tremendous importance of maintaining adeiiuate jirotein rc.serves; the 
only wa.v, obviou.sly, is by the inge.stion of sufficient amounts of protein in the 
diet. 

The cpiestion whether there are re.serves of stored jirotein in the li.ssucs 
comparable to tlio.so of glycogen and fat is controversial, although there is hut 
little doubt that under some conditions, as after hemorrhage or j)lasma])here.sis 
and during other hyjioproleinemie .state.s. organs and tissues may contribute 
proteins' to the blood. Nor is it known in what form or where the iirotein re- 
serves are stored, althougli the liver undoubtedly jdays an important and per- 
haps a predominant role. Berg’’* claimed many years ago that in weil-nouri.shcd 
animals protein deposits could be demonstrated mic7'o.seoi)icaIly in the liver cells 
as intracellular “j)rotein inclusions”; in starving animals tiie.se incliLsions di.s- 
appeared and tlie cells iiecame smaller. Purfherniore, Berg and Cahn-Bronnei'^'’ 
showed that, when starved animals (salamandei-s and rabbits) were fed a mixtui'e 
of amino acids obtained from enzymatic hydrolysis of beef flesh, these inclusions 
reappeared in the liver cells within a few hours and were indistinguishable from 
those seen after ordinary protein feeding. They concluded, therefore, that the.se 
represented a phase of protein storage. Elman and Heifetz-'® showed, furthei-- 
more, in dogs kept on a low-protein diet, that as the albumin values of the blood 
fell, there was a concomitant decrca.se in the amount of stainable eytojila.sm in 
the. hepatic cells. The latter became more vacuolated and the water content of 
the liver as a whole increased. 

There is no conclusive evidence as yet, however, as to the chemical state in 
which protein is stored in the liver. Luck-''* maijitained two groujis of rats on 
high- and low-protein diets, rc.spcctively, and analyzed the livers puantitatively 
for evidence of protein storage. He found that in the high-i)rotein group there 
was an increased amount of protein per unit weight of tissue but that all tlie 
protein fractions were increased about proportionally u'hen compared with the 
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similar fxaetioiis in the lovr-protein group. Addi.s and Ins associates, in cpian- 
titative studies on the effects of fasting in rats upon protein storage, found that 
the liver in seven days lost about 40 per cent of its total protein, thus indicating, 
also, the importance of this organ as a storehouse or way station in protein 
metaholism. 'Whipple and his collahoratovs have demonstrated by physiologic 
methods the important part played by stored proteins in the bodily economy as 
a “resen’e against adversity in the sense that it can be circumspectly depleted 
without apparent injury to the body. ’ ’ Whipple suggests that intracellular pro- 
teins may exist in three foimis, viz., labile reserve pi'otein, dispensable reserve 
protein, and indispensable fixed protein, and that, because of the existence of a 
dvTiamic equilibrium between the fluids and the ti.ssues, there is an “easy ex- 
change between the plasma protein and the labile protein stores of the body 
cells.” Under conditions of anemia, plasma depletion, or protein fasting even 
the dispensable reserve proteins may also be drawn upon to some extent. The 
indispensable fixed proteins, however, cannot be removed unless the cells are 
seriously damaged or destroyed. It is of interest, furthermore, that when the 
“stored” proteins are contributed to the blood .stream under the above condi- 
tions, the most labile protein reserves seem to be those with larger molecules. 
Thus Berger^^ has shomi that after the injection of a foreign protein into rab- 
bits, the resulting hviierproteinemia occurs primarily (in about four days) as a 
hj-perglobulinemia with an associated hypoalbuminemia. The albumin levels 
rise later, usually in from sixty to one hundred and twenty days. Similarly, 
after severe blood loss in normal animals there is an increase in normal globulin 
in the blood, whereas, in immunized ones antibody globulin is quickly liberated 
into the blood, as seen in the anamnestic response after severe hemorrhage. 

The facts cited in this brief review of the problem of antibody production 
and the anamnestic reaction suggest that antigenic components may persist 
within antibody -producing cells for considerable periods of time after hrjeetion 
or vaccination and thus are able to function as templates when later stimuli 
cause an acceleration of antibody production. Furthermore, there is evidence 
that antigenic templates which were effective earlier in the process of antibody 
formation tend to disappear or to become changed with time so that they lose 
their ability to influence specifically the later sjuithesis of globulin. Further 
studies of the anamnestic phenomenon should throw more light upon many 
more important aspects of the general problem of antibody production. 

SUJIMARY AND CONCLCSIOX.S 

The antibody-producing mechanism comprises a widely distributed system 
of cells, including macrophages, fibroblasts, and possibly even endothelial cells 
and to some extent epidermal cells, all of which may hav'e the potentiality in 
varying degrees of svnithesizing globulin. Wherever this material is fomed, 
antigenic “templates” may, if pre.sent at the sites of synthe.si.s, so influence 
the structural pattern of the globulin molecules as to confer .specific properties 
upon them. Some of these molecules may pass into the e.xtraeellular fluids as 
antibodies and remain there for variable periods of time; other's may pereist 
within their cells of formation. The persistence of this antibodv matrix for 
months or years may explain Ijoth the acquisition of acquired resi.stance mdc 
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peiiclciilly of !iny consider, 'ihlo aniouiils of aiililtodics in tlic blood as well as 
many of tiio tissue reaclivilics wliieh are eoininonly ree:ardcd as allerf,de phe- 
nomena. The efi'eel iveness of pdohulin syntliesi.s, :ind eonsefiuenlly, of antibody 
production will be determined by the qu.ality and (lUiintity of irlobulin reserves 
continuously availabb'. Tb(‘S('. in turn, are dependmit tiltiniatcly upon an ade- 
(pmte intake of ;imino .acids in the food. Diet, tberefoi’c, will determine to a 
large degree both the efi"(‘ctive ju'oduction of antibody globulin ;ind the potential 
reserve cai)acily of the antibody meebnnism. 
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CLINICAL AND EXPERIMENTAL 


SAKCOIDOSIS (B0]-:(:K-BH.SXII‘:1?..SCIIAU.MANN DISBASB) as 
CAL’SE OF A PITL'ITAin' SVNI)1{0:\1E® 


E. J. KuArs. 31.1)., Pkoima, Im,. 


C 031PARED willi ollior iiiinlomic lo.sioii.'i, tlie iiivolvoiiionf of Ihe pifuitaiy 
frlaiul by .siircoiclosi.s i-ci>re.';(*iil.s a rare (‘VcnI. Accordin*,' to a i-econt rcvipw 
on tills disease by Ijoiifreojic,' only six eases of jiifiiitary involvement seem to 
have Iieen pnbli.shed, all aeponipanied by diabetes insi])idns. 

The ea.se repre.sented in this pafier differs from previon.s eases in that the 
pituitary region showed jiartieular findings wliieh midit not have been described 
yet in this combination. 

Today wo know that .sarcoidosis or Boeek’s .sarcoid is identical with Inpii-s 
pernio described by Be.snier, and that uveoparotid fever represents only a par- 
tieular manifestation of the .same disease. It is a chronie disease of Ion*: dura- 
tion, usually characterized by a mild, often feverle.ss, eoui'se. a tendency to 
exacerbation and refractory behavior to treatment, and often shows spontaneous 
recession. The underlyiup: jiroce.ss is a .cramiloma with a certain resemblance to 
that of tuberculosis. Sareoidasis is not identical with tubereulosi.s, but is often 
combined with it. The most frequent orfrans attacked are the lunirs. lymidi nodes, 
.skin, spleen, liver, and e.ve: however, not many orfrans cseajie beinji involved by 
the granuloma. Sarcoidosis with especial involvement of the skeleton has been 
described erroneously by Jungling,- a (ierman author, as osteitis tuberculosa 
cystica multiplex. 

The granulation tissue in .sarcoidosis has no tendency to undergo ca.seation 
and is characterized by nodules consisting of ejiithelioid cells, lymiiliocytes, and 
giant cells with peculiar calcified inclusions. These nodules are frequently sur- 
rounded by a wall of hyalinizcd fibrous ti.ssue. They are not prone to coalesce 
but remain separate though often closely api)roximated. The etiology of the dis- 
ease is not known ; transmission to animals has not been successful so far. Among 
the laboratory findings, one of the most significant is hyperglobulinemia. 

CASE KEPOKT 

The following ca.se is that of a woman, aged 4] years, a teacher hy occupation. Her 
menstruation began at lo years of age and continued regularly for two years, the periods 
lasting three days. Then the menses disappeared without discernible cause, after which she 
bled from the nose quite regularly for two or three days every month. Prior to her death the 
epistaxis was so heavy that it had to be stopped at the hospital. 

•From the Department of Pathologj- at St Francis Ho.spital. Peoria. 

Received for publication, May 20, 1942. 
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The patient gave a historj- of previous apical tuberculos.s. She was 
en vears. She died shortlv after admission, her temperature havang risen to 104 F 

' Tlie clinical diagnosis was h>-pochromic anemia, thrombocytopenia, hypoplasia of the 
genitals, and poljniria. 



Fig. 1.— Sagittal section through the skull base, showing the dorsum sellae strikingly high and 

prominent. 


Fig. 2. — Aspect ot the cranial base, showing the atrophic pituitar>' gland lying deep in the sella 
with the flattened pituitary staik running over the abnormally high dorsum sellae. 



Avtopsy . — The body was 149 cm. in length and 4G kg. in weight, proportional in its 
dimensions. Panniculus adiposus measured 3 cm. over the abdomen, 1 cm. over the external 
bicipital sulcus, and 3 cm. over the fossa ovalis. The skin was without particular pigmentation. 
Tile liead hair was brown and thinner than normal; the axillae, were without hair; the pubic 
hair was blonde, scanty, and downy; and the trunk and extremitie.s were hairless. The 
breasts were small, flat, and poor in fat tissue; the nipples were not prominent; labia majora 
and labia minora were small. 

The skull measured 17 by 14.3 cm. in diameter and up to 0.4 era, in thickness, with a cir- 
cumference of 30,5 cm. Brain and meninges were grossly without particular lesions. The 
pituitary gland on its cranial surface was excavated and lay deep in the sella; the dorsum 
sellae was unusually high and bent slightly forward. The pituitary stalk which passed over 
the prominent edge of the dorsum sellae was lengthened, flattened, and whitish in color {Figs 
1 and 2). 


Tlio nasal cavity was filled with coagulated blood. The thvroid was small and atropluc 
In the left upper lobe of the lungs there was a deep transver.se .scar with neighboring bronchi’ 
ectasis. The left apex contained a slaty indurated area, about 2 cm. in diameter and two 
smaller calefied foe. There were fibrous .adhesions of the apical pleura. Both lungs were 
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firmer than norninl and laid reduced air content; tlic surface in many parts waS roiigli and 
showed numerous tiny grayish nodules closely comiiaetod. In the left lower lobe a fine network 
of scar tissue was found in some places. The lobes of both lungs were fused together by fibrous 
adhesions. In other jiarts the ideura showed eccbymoscs, as did the epicardiuni. The myo- 
cardium, the heart valves, and the aorta did not reveal essential changes. The broncho- 
pulmonary and tracheobronchial lymph nodes wore indurated, anfhracotic, and contained a 
few calcified foci. The mediastimil, abdominal, and relro])oriloiieal lymph nodes wore enlarged, 
especially the perigastric, peripaiieroafic, and pani-aortal ones, wliieli appeared to be about 
2 by ;! cm. in diameter, while the iliac, hypogastrie, internal inguinal, and mesenteric lymph 
nodes were only the size of a bean. They were firm in consisteney and permeated by grayidi- 
wliite nodules the size of millet sends, the nodules being closely iippro.viniated in many places. 

Tlic spleen weighed fiOO Gni., showed fibrous adlie.-.ions, and on its cut surface were many 
miliary nodules almost indistingui.“lmblc from the fcdlicles. The liver, jiartially covered by 
fibrous adhesions and weighing 1,700 Gin., was light yellowisli-brown in color and indurated, 
offering the picture of a moderate degree of cirrhosis. The gall bladder was slirunkon and 
contained a cliolestcrol-pigiuent ealeium stone. The jiunereas aiipeared to he normal. The 
adrenals were small. The kidneys together weighed 200 Gni. They were firm and light yellow 
in color. 



Fig-. 3. — One nodiilo aCtor clccalclflc.-itlon. .sliowing rorelgn boily giant cell.s .siirrounitlng tlio site 

of the incIuslonK. 

TIio uterus was small, measuring 5 by cm. The corpus wall measured up to 0.5 cm. in 
thickness. TIio tubes were 11 and 12 cm., re.spcci ively, in lenglli and very thin. TIio ovaries 
were small and slirunkcn, tlie vagina was narrow, measuring 0.5 cm. in cireumference. 

The femurs, ribs, sternum, and vertebras showed signs of osteoporosis. Two-thirds of 
the marrow in the femur consisted of light gray-red myeloid tissue while one-third was made 
up of fat tissue. 

Anatomical Diagnosis . — Abnormal height of the dorsum scllae with compression, c.vten- 
sion, and atrophy of the pituitary stalk; atrophy of the pituitary gland; hypotrichosis; atrophy 
of the ovaries, uterus, tubes, and labia iiudeiida; atrophy of the brea.sts; atrophy of thyroid 
and adrenals (hypopituitarism) ; old tuberculosis of the lung apices with fibrous adhesive 
pleuritis; circumscribed bronchiectasis of the left lung; peculiar granuloma (?) in all lobes 
of the lungs, all internal lymph nodes (apparently) and spleen; chronic splenic tumor; 
cirrhosis of the liver; chronic cholecystitis and cholelithiasis; ostcoporo.sis; hemorrhage in the 
nasal cavity-; ecchy-nioses in serous ineinbranes; anemia. 

Bacteriologio Examination . — Cultures on Lowenstein medium taken from spleen, h-mph 
nodes, and bone marrow- for tubercle bacilli were sterile after si.x weeks’ ob.servation. Guinea 
pigs, rabbits, and chickens inoculated with the same tissues did not show- any lesions after 
days. Guinea pigs inoculated with lymph nodes, spleen, liver, and' lung of these 
'onedjmima^Is showed no pathologic lesions after fifty-three days. 
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mcroscopic Exomimtion.-Lunos. There are numerous nodules of par able 

appearance. Some consist of epithelioid cells, one or a few giant ce Is sum ar to Langhans 
Xnt cells, and some round cells; frequently these are all intermingled. Other nodules are 
Srger and contain dark violet inclusions (stained by hematoxylin), spmd e, round, or rod 
shaped. Other nodules contain bodies suggestive of cholesterol ciystals. The ^ s are 

intimately attached to these structures, as is t>-pical of foreign body giant cells (Fig c). 
A number of nodules are surrounded by a thin wall of hyalinized fibrous tissue, while others 
appear to be fibrous also in the center. There is no tendency to conglomerate, though the 
nodules frequently appear close together. The final stage is a hyalinized scar containmg recent 
nodules as well as calcified inclusions. These inclusions, winch chiefly consist of calcium 
carbonate and calcium phosphate, also give a positive iron reaction, as shown in Turnbull 
blue sections. In some parts the alveolar septa arc thickened, infiltrated with many lympho- 
cytes, and contain recent as well as older and partially hyabnized nodules. 



Fig. 4. 


Fig. 5. 


Fig. 4. — Chromophobe adenoma of the anterior lobe with adjacent parenchyma, showing 
atrophy by compression. 

Fig. 5. — Anterior lobe of the pituitarj' gland, showing one nodule and fibrous atrophy of 
the parenchyma. 


Lymph Nodes. There are many apparently very recent nodules, together with old lesions. 
These nodules are small, round, and well-defined accumulations of epitheboid cells with or with- 
out lymphocytes, similar to those in tuberculosis. Giant cells are sometimes present. Those 
with inclusions have darker stained nuclei and cj'toplasm than cells without inclusions. Occa- 
sionally inclusions surrounded by a hyaline capsule are seen. In decalcified sections it becomes 
evident that these calcified inclusions have a particular, possibly organic, base which persists 
after the calcium and iron salts have been dissolved by nbneral acids. By fibrosis which starts 
in the periphery of the nodules in the form of a hyaline shell, the granulation tissue finally 
passes over into scar tissue. 

Liver. The liver sliows a moderate degree of cirrhosis with small loose aggregations of 
epithelioid cells intermingled with a few Ij-mphocytes, sometimes with giant cells, but without 
the afore-mentioned inclusions. Fat stains reveal a slight, irregular, fatty infiltration. 

Spleen. There are microscopically small nodules, variable in appearance, with and with- 
out inclusions. There are also calcified inclusions lying free in the pulp. Small ill-defined 
groups of epithelioid cells apparently represent early stages of the process. The pulp appears 
slightly fibrotic, and the follicles arc rare and atrophic. 


PiUtitary Gland. Serial sections of the pituitary gland cut in a sagittal plane show a 
marked excavation of the upper surface. In this region the cell cords of the anterior lobe 
appear atrophic and run parallel, as is typical of compressed parencin-ma of the anterior 
lobe. However, the pituitary cells in other parts of the anterior lobe ^Iso appear atrophic' 
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boiiif; Hmalhjr tlmn iioniml with thr rliromopliilin calls cvijciilly decreased in niind)er. In 
osj)eeially atrophic jiarls llie interstitial fihroiiH tissue ai)pears thiehened and hyalinired. In 
the middle of the anterior l(d)e there is a small ehromoj)hohe .adenoma nhoiit L.a hy 2 inni. in 
diameter (Fig. -I). The posterior lobe appear.s partieiihirly small and is almost replaced hv 
tiny nodules with giant cells and calcified iiiclasions. At Ih(? border of both lobes there arc 
a few .small c(dloid-/illed frrilicle.s. The anterior lobe contains occa.sioiral little nodules in the 
anterior portions of the lobe (Fig. 5). The pituitary stidk is densely infiltrated with .small 
nodules, and only microscopically small parts of the stalk are not de.-troyed Fig. G). Tlic 
capsule of the pituitary ;;land at the base of the organ is markedly thickened. The in- 
ftindibulum is likewise infiltrated by tiny nodules, and there nre a few on the basal surface of 
the o[itic chiasnia. The other jiarts of the floor of the third ventricle were dissisded in .serial 
section.s, but no e.ssential lesions were found in hemato.\ylin-eosin stained j)nraflin section. 

Other organs as thyroid, heart muscle, kidneys, and marrow did not show "ramiloniatou.s 
lesions in the sections e.vamincd. 



Fig. 6. — Pituitary stalk infiltrated by Kranuloma. Tiie black spot." reprc.sent calcified Inclusions. 


DISCUSSION 

A case of generalized gi’anuloniafo.si.s, logcllier with an endocrine disease 
characterized by genital dystrojihia, cc.s.sation of the menses, hypotrichosis, and 
polyuria, has been described. Tlic grannloniatosis is cliaraclerized by tiny 
nodules made up of epithelioid cells, lymphocyte.s, and giant cells differing from 
those of tuberculosis. These nodules show, in contrast to tubercular ones, that 
the lymphocytes are frequently intermingled with the epithelioid cells; they do 
not undergo caseation; they have a particular tendency to get surrounded by 
a thin hyaline capsule; tliej" have no inclination to coalesce; and tJiey contain 
peculiar inclusions consisting of an apparently organic base impregnated by 
calcium and iron salts, while other more rare inclusions seem to he cliolesterol 
crystals. The inclusions give rise to foreign body giant cells, but in addition 
there are similar looking giant cells which reveal no relation to foreign bodies. 
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Inchisions, as well as giant cells, may lie seen witliout other components o£ the 
granulation tissue, which differs from the findings in any known specific granu- 
loma except the granuloma in sarcoidosis. This granuloma could easily be 
entiated from tuberculosis not only by its particular histology as .just described 
but also by negative animal inoculation and cultures. 

The involvement of the pituitary and its stalk caused a pituitary disturbance 
oharaeterized by cessation of menses (substituted, however, by monthly epi- 
staxis), loss of body hair, and pohniria. At autopsy the Iniiopituitarism mani- 
fested itself by atrophy of the ovaries, uterus, tubes, outer genitals, and breasts, 
and by atrophy of thyroid and adrenals and marked hypotrichosis. 

In addition to the destruction of the pituitary stalk and posterior lobe of 
the pituitary gland by the granuloma, another lesion was found that also might 
have played a part in the pathogenesis of the hypopituitarism. It was an un- 
usually high and steep dorsum sellae that compressed and .stretched the .stalk to 
an abnoiTual length. How much the chromophobie adenoma in the anterior lobe 
influenced the picture is hard to say. It might have been compensatory in 
nature, owing to the atrophy of the anterior lobe, and thus without particular 
significance as to the development of the pituitaiw disease. 

Since the patient seemed to be normal up to 17 years, uuth regular menstrua- 
tion, the anomaly of the dorsum sellae might not have impaired to any great 
extent the function of the pituitarj' gland but the damage to the pituitaiy .stalk 
might have created a "locus minoris resist entiae” where the granuloma easily 
established itself. On the other hand, the report of diabetes insipidus in other 
cases of .sarcoidosis shows that an involvement of the nervous part of the hj-po- 
physeal-diencephalic .system is not nece.s.sarily based on a previous lesion of this 
region as described here. 


After the granuloma had destroyed the pituitary stalk and the infundibulum, 
the communication between the pituitary gland and the vegetative centers in the 
hypothalamus was cut off, the result of which was the atrophy of the anterior 
lobe. As is knomi the separation of pituitary gland from the hj^oothalamus in- 
evitably leads to atrophy of the gland, especially the anterior lobe due apparently 
to the loss of nerve communications with the vegetative centens in the floor and 
wall of the third ventricle, and also due to the interruption of channels carrj'ing 
certain products of the pituitary glands (for instance, gonadotropic hormone) 
to the diencephalon (Kraus). ^ In view of the long duration of the sarcoido.sis 
it is ejuite possible that the involvement of the pituitary region by the granuloma 
reaches far back and that the cessation of the men.ses might have been the first 
manifestation of the pituitarj' disturbance. But it is also possible that the pi'es- 
siire on the pituitary stalk by the anomalous dorsum sellae induced the pituitary 
disease, which was later much aggravated by the destiuctive granuloma. 


■\Vliiie the disturbance of the water balance certainly resulted from tlie func- 
tional I0.SS of the posterior lobe and pituitary .stalk, the genital dvstrophia with 
the hypotrichosis must be referred to the marked atrophy of the^^nterior lobe. 

The atrophy of the tlnToid and adrenals also is a result of the pituitarv in 
.sufliciency as rs tl)e generalized atrophy, including the asteoporosis Since 
cmac.alion docs not belong to the picture of .sarcoidosis, one mav suppose that 
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the goncrali/.etl alropliy in Ihis cnse (jhe jKiticnt weighed only 46 kg.) wa.s pi- 
liiilary in nature. 

Tlic vicarious luenslrualion froin the Tia.sal niueo.sa of many yoar.s’ duration 
is liard to exi)lain -when one eonsider.s the ovarie.s were entirely atrophic. The 
later profuse and finally fatal character of the epistaxis might I)c due to the 
thrombocytopenia. Since this .symptom is not mentioned in other ca.sc.s of 
sarcoidosis (while eosinophilia is (piite frc«pienl) a causal connection between the 
sarcoidosis and the blood hision is not jmohahle, nor is there ])arlicular reason to 
assume pathogenetic relations hetAveen the thromI)ocytoi)enia and the pituitary 
disease. 

StT.M.AtAIEY 

A case of sarcoidosis (Boeck-Besnior-Schaumann disease) in a woman 41 
years of age has been reimrtcd. The following microscopic changes have been 
found characteristic of this granuloma; tiny nodules made up of epithelioid 
cells, giant colls, and round cells, the latter often intermingled Avith the epi- 
thelioid cells; no tendency to coalesce hut rather to he sun-ounded by a hyaline- 
fibrous capsule; no tendency to ca.scation ; peculiar inclusions made up of calcium 
and iron salts compounds deposited in an orgajiic gi-ound substance surrounded 
by giant cells; occurj'cnee of inclusion.s, as well as giant cells, alone AA'ithout 
other components of the granulation ti.s.sue, and finally, couA'ci'sion into fibrous 
tissue. 

An endocrine syndrome characterized by genital dystrophia, ec.s.sation of 
menses (AA'ith A'iearious menstruation from the nasal mucosa), hypotrichosis, 
polyuria, and generalized atrophy has been sho\ni to be caused by the granuloma 
Avhieh has inA'oh-cd the infundibulum, the i)ituilary stalk, and the pituitary gland 
itself. An anomaly of the doi’sum sellac A\-ith jirc.ssuro on the ])ituitaiy stalk prob- 
ably caused a locus miuoris rcsi.stcntiac for the granuloma. A chromophobe 
adenoma of the anterior lobe has been interpreted as a compensatory i)rolifcra' 
tion in an otherAvise atrophic organ. A thrombocytopenia causing death could 
not be referred either to the sarcoidosis oi’ to the endocrine disturbance. 
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TREATMENT OF CONGESTn’'E HEART FAILURE IN AMBULATORY 
PATIENTS AYITH AN ORALLY AOmNISTERED 
jMERCURIAL DIURETIC*' 


Julius Burstein, M.D., George Browx, jM.D., axd Charles Kleix, jM-D. 

New York, N, Y'. 


I N 1940 Batterman, DeGraff, and Rose reported the satisfactory use of an 
oral preparation of salyrgan-theophyllinei in hospitalized patients suffering 
from congestive heart failure^ 

It seemed desirable to test the efficacy of this preparation in the treatment 
of amhulatoiy patients uuth congestive heart failure who ordinarily required 
the frequent administration of intravenous mercurials for maintenance. This 
study was conducted ivith patients attending the MorrLsania City Hospital 
Cardiac Clinie. 

subjects, jl\terlal, axd methods 


Nine patients were selected from a group of 20 who were being treated 
for congestive heart failure in the out-patient clinic. In aU these patients symp- 
toms and signs of failure were not controllable by means of digitalis and the 
usual oral diuretics (ammonium chloride, aminophylline) alone, but adequate 
diuresis was obtained by means of intravenous injections of mercurial diuretics.! 
These patients, all ambulatory, had been carried adequately, i.e., nocturnal 
dyspnea, edema, and weight had been controlled, ivith one or two weekly injec- 
tions intravenously of 2 c.c. of a mercurial diuretic, for periods varjnng from a 
few months to three years. Of this group of patients, 9 n-ere selected for treat- 
ment with the oral preparation of sahmgan-theophyUine.T The other 11 patients 
could not he taken off intravenous mercurial therapy, since the severity of their 
sjTuptoms did not permit any change of regimen. 

Of the 9 patients studied, 6 were men and 3 were women. The age range 
was from 41 to 69 years : 4 patients suffered from both arteriosclerotic and hy- 
pertensive heart disease, 2 from arteriosclerotic heart disease, one from hjiier- 
tensive heart disease, and 2 from rheumatic heart disease. The urines of all 9 
patients, on repeated examinations, .showed normal variability in specific grarity, 
and yielded no pathologic microscopic findings. Blood chemistry determinations 
were all normal. 

For two weeks prior to the change from intravenoiLs to oral mercurial 
tlierapy, the 9 patients reported to us, on printed instiuction sheets, their urine 
outputs for the twenty-four-hour period immediately following the mercurial 


'From Uin CariUac Clinic ot ttic Morrisania City Hospital, Bronx, X. Y. 
Ucceivud for rublication. May 21. 1942. 
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injeclion, and for tlie IwcMity-fonr-liour ])oriod just j)rcc((din<r llio next injection. 
This last fifriire rojirc-sontcd tlio daily output -without tlic influonce of a mercurial 
diuretic, since the incasurcnients wore made several days after the effect of the 
drug had worn ofi’. The ])aticnts were instrneled to restrict, their fluid infakos 
to 1,000 e.e. daily. They had heen receiving 4 to fi (hit. of ammonium chloride 
daily as long as they had been on iniravonou.s mercurial therapy. 
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Then, still keeping the patients on the same fluid intake, and maintaining 
the administration of ammonium chloride as before, the patients were "-iven 
5 tablets of oral salyrgan-theophylline immediately following breakfast on the 
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clay of administration, in place of the intravenous mercurial injection. Again 
the patients ivere instructed to measure and report the urine output for the 
riventy-four-hour period immediately following the oral administration of this 
preparation, and again for the twenty-four-hour period hefore the next dose. 
During this study the patient.s were weighed just before the tablets were given 
and again forty-eight hours later. 

The re.sults of this study are shown in Table I. 


ANALYSTS OF RESULTS 

The 9 patients studied received oral salyrgan-theophylline a total of IS 
time.s. The results ivere not reported tliree times, leaving a total of 15 reportable 
trials. 

Of the 9 patients studied, one (one trial) showed a decrease in ui’inaiy 
output, about 15 per cent less than when not wider the influence of a mercurial 
diuretic. One patient (two trials) showed no change in output. The other 
T patients (12 trials) all showed an increase in urinary output over that observed 
when not influenced by the administration of a mercurial diuretic,, the increase 
ranging from 10 to 63 per cent ; 7 trials showed an increase of 100 per cent or 
over; 5 trials, an increase of less than 100 per cent. 

All 9 patients reported a greater increase in urinary output after receiv- 
ing intravenous mercurial than was obtained by the use of oral salyrgan- 
theophylline. Of 8 measured results after intravenous injection, the range of 
increase was 66 to 900 per cent, -with 7 showing an increase of 100 per cent or 
more and one an increase of 66 per cent. 

Six of the 9 patients developed cramps or diarrhea or both after one to three 
doses of oral saljTgan-theophylline, which were severe enough to require that 
the medication be discontinued. 

SLTMM.^RY 


Nine patients in congestive heart failure, attending an out-patient cardiac 
clinic, who were known to be well controlled by administration of intravenoirs 
mercurial diuretics, were given instead, an oral preparation of mercurial diuretic 
in a study to detennine the usefulness of this medication in ambulatom- patients. 
Seven of the 9 patient.s (77.7 per cent) showed an increase in urinary output after 
taking this preparation, as compared ^vith their output when no mercurial 
diuretic was given. In no case was the increase in urinari' output as great as 
tliat resulting when the usual dose of a standard mercurial diuretic was given 
intravenously. Side reactions, chiefly cramps and diarrhea, occurred in 6 of the 
9 patients (66.7 per cent) and necessitated discontinuance of administration of 
tlie oral mercurial preparation. 
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ADENVLTC AOID ANfJ BACTfCRIAfj G’ROWTJr 


Saui. Casim: and A. Osi.kk® 
Nkw VoiiK, X. Y. 


ir^IRECT bacterial infection of the ]ivin»- innsclc tissue is not a common 
■L-' plicnoinenon. Duo to its anatomic position llie only avenues for imiseular 
infection are tlirouirh tlie ]yinj)ha1ics or tlie !)IofK] circulation. Deeau.se the 
latter have their own protective niechani.snis, the muscle is thus usually spared 
from infection. In addition to the above, we believe that the chemical ehangc.s 
and end products oecurriii”- durinp: muscular metabolism are inimical to bac- 
terial groAvth. 

In the production of experimental streptococcic arthritis in rabbit.s, Had- 
.iopoulo.s^ and Burbank demonstrated that, whereas the bone marrow, mus- 
cular .shcath.s, and even tendons were infiltrated with streptococci, there was 
no evidence of the invasion of the mu.sclc tissue. Ammonia and lactic acid arc 
known to be inimical to bacterial growth. However, their eonccnlration in the 
muscle is not .sufficient to inhibit the growths of certain types of bacteria. 

The work of Lutwak itlanir .showed that washed suspensions of Escli. coU and 
of other Bactcriacca dephosphorylatcd and dcaminalcd adenosine t rii)hosphoric 
acid, and adenylic acid. These reactions occurred with frcsli suspensions as well 
as with those treated witli toluene, and lliese facts have led Lutwak IMann and 
others to the conclusion that the.se reactions are due to bacterial enzyme.s. 
What effect the adenine comi)ounds and their depho.sphorylated and deami- 
nated derivatives have upon the growth of various types of bacteria was not 
determined. In order to obtain this infoi'ination, we devised preliminary 
experiments. 

Our plan, therefore, is to .study the effect of adenylic acid upon the growth 
of various types of bacteria. The usual in vitro experiments do not corrc.spond 
to the conditions that obtain in normal physiologic processes of the living 
organism. We desire to ap])roximate these normal body conditions. The work 
of Freedman and PunlF offered applicatioii in this connection. These investi- 
gators were able to inhibit the growth of bacteria in beef heart broth shaken 
with charcoal. They po.stulated the theory that by this procedure a new vitamin 
was adsorbed upon the charcoal, a vitamin necessary for bacterial growth. By 
this method, we are afforded an opportunitj^ of observing bacterial growth in a 
media partially depleted of a bacterial vitamin, and this experimental condition 
might simulate the conditions occurring in certain parts of the human body. 

EXPERIMENTAL. 

We compare the growth of B. coli. Staphylococcus aureus, Streptococcus 
hemolyticus and viridans on (1) starvation media; (2) beef heart infusion- 
(3) beef heart infusion after treatment ivith cJiarcoal ; (4) beef heart infusion 

•Consulting chemist and bacterioloBist, New York. 
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after treatment Avith charcoal and addition of 0.2 per cent adenylic acid ; and 
(5) starvation media Avith addition of 0.2 per cent adenylic acid.^ 

The inoculum for all tests is prepared as foIIoAv.s : Individual organi.sms 
are groAvn in broth culture and are seeded onto agar slants (eighteen hours 
groAAdh). The groAvth is Avashed Avith saline, centrifuged, and, again Avashed 
four or five times. Then a dilute suspension of the groAvth is inoculated into a 
flash containing 10 c.e. of media. The fiashs are incubated for ninety-six hours. 
They are then centrifuged in Hopkins tubes and read. Table I gives the re- 
sults of this experiment. 

Tabce I* 


96 HR. GROWTH 

GbCCOSE 

SiVLT 

■SOEHTIOX 

b.h.t. 

(niEco) 

1 B.H.l. AFTEK 

chaf.coae 

B.H.l. 

AFTER 

charcoal 

PLUS 

ABEXYLIC 

Acro 

G.S.S. 

1 PLUS 
ABEXYLIC 

Acm 

B. coli 

Streptococcus hemolyticus 
Streptococcus viridans 

Staphylococcus aureus 

No growth 

No growth 
No growth 
No growth 


B.C.-1.23B 
H.T. -0.01 

Very light growth j 
Very light growth 
H.T.-0.01± 

No growth 

No growth 
No growth 
No growth 

No growth 

No growth 
No growth 
No growth 


•B.C. — Bacteria in billions per cubic centimeter. H.T. — Height of tube. B.H.L — Beef 
heart infusion. G.S.S. — Star\-ation media. 


Using a similar procedure the groAvths of B. coli in beef heart infusion, 
and Avith 0.2 and 1 per cent adenylic acid are determined. The results are 
given in Table II. 

Tabij; II 


24 HR. 
GROWTH 

B.H.l. (DIFCO) 

, B.H.l. PLUS 0.2% 
ADEN'VLIC ACID 

B.H.l. PLUS 1.0% 
ADEXYLIC ACID 

0.5% ABEXYLIC ACID 
(COXTROL) 

B. coli 

H.T. -0.028 

H.T. -0.022 

H.T. -0.007+ 






0.001+ (sediment) 


The concentration of adenylic acid used in our experiments is probably 
comparable to the content of adenine compounds of the muscle. The Avork of 
at least two Avorkers in this field can be used as reference for such comparison.'*’ ® 
It is demonstrated that adenylic acid inhibits the groAvth of ordinary types 
of bacteria. 

AVc are indebted to Dr. L. G. Hadjopoulos for his cooperation in these experiments. 
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FATAL SA1j:M0NELLA INTFACKANIAI. INFECTION IN AN INFANT* 


I?i;i*<)ifT OK A Casi; 


W. E. BriAY, M.D., and .1. !M. MKriK.DiTii, ]\1.D, 
l.'N'ivKit.srrv, Va. 


C linically ;ind biictcriolo<ricjilly Iho S.'ililuint’lla proup preseiil.s many 
problems. 

Clinically, some species or 1ype.s, as, An- e.xainple, S. piiraiiiphi or B. pnro- 
iyphosus A, infeel man only and cause prolonped fever and .synii)foms indfs- 
tinpni.shable from lyjdioid fever; others, like S. arrlrucl.'r, eanse eliiefly paslro- 
inle.stinal upsel.s, Avith sudden onset and .short, dm-ation, called food ])oi.soning, 
and are found in both animals and man; and still other.s, Avliich rarely if CA'cr 
infect man, like S. puUonim, whieli caii.ses Avhile diarrhea of chickens, are im- 
portant only economically.’ 

Baeteriologically, tliei'o is not only variation in the cnllnral characicri.slics, 
such as in the feianentalion of the various sugars, hut there is marked variation 
in the antigen components and con.scquently in the serologic reactions. T’cllow- 
ing the Avork of ‘White- (192G-1929) and of Kanfi’mann- (1929-1934) and of 
later Avorkei-s^ in antigen .analysis, so many s})ccies or ty])cs have been descrihed 
that Jordan and BurroAvs,'* in their recent edition of their Tcrthool: of Bnc- 
icrioJogu, consider that simplification is c.sscntial. 

The organism cultured from the case here reiiortcd Avas morphologically 
and culturally like one of the Salmonella group, especially S. cntcrilidis, and 
Avas agglutinated to a moderate titer Avith anti.sera of S. acrlnjchc and S. schott- 
miilleri, hut only very slightly Avith antiserum of S. cnlcrUnlis. Because of 
these findings and because of the unu.sual clinical picture, the culture Avas sent 
to the Salmonella Typing Station, located at the UniA-ci’sity of Kentucky, Le.x- 
ington, Ky., for identification of the type of the Salmonella. Dr. P. R. BdAA’ards, 
bacteriologist. Department of Animal PathologA-, Avho has kindly giA'cn us per- 
mission to use his reports, found the culture to he S. sandiego, the antigenic 
formula of Avhieh is lY, Y : eh enZij. 

S. sandiego Avas first descrihed by Kauffmann,' Avho studied the S. chesfer 
group and, on the h.asis of the structure of the H antigen, particularly the yS 
phase, diA'ided the group into Iaa’o serologic types; S. chest cr and S. sandiego. 
To the S. sandiego tj^e belong: 

1. Two original cultures isolated by Professor K. F. Meyer of San Fran- 
cisco from a case of food poisoning in an outbreak at the San Louis Key iMission, 

•From the Departments of Clinical Pathologj- and of Neurological Surgery University of 
Virginia Hospital and School of Medicine. 
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where two hundred pereons suffered from severe abdominal pain accompanied 
by vomiting and diarrhea, hlost patients recovei’od Avithin one to two days, but 
some were ill for ten days or longer. 

2. An old laboratory culture, No. 1254, isolated in 1929 in Denmark and mis- 
taken for S. reading. 

3. Culture CB 42/2, isolated from a healthy pig by Professor E. Hormaeche 
of klontevideo, Druguay. 

4. Culture b641, obtained from a human being by Professor Hormaeche. 

5. Culture 123, obtained by Dr. P. R. Edwards, Lexington, Ky. 

The antigenic formulas for these strains are given in Table I, to Avhich 
Ave haA'e added the formula for our strain, as determined by Di*. EdAA'ai’ds. 


Tablb 1 


STRAIN” 

AXTIGEX FORilULA 



Original 

IV, XII 

eh 

enz,j 


IV, XII 

eh 

enz,j 

CB 42/2 

W, V, XII 

eh 

enz,; 

641 

JY, V, XII 

eh 

enz,„ 

123 

IV, V, XII 

eh 

enz,. 

UVa 

V 

eh 

enz,; 


Dr, EdAvards® has typed 17 cultures of S. sandiego: four from animals, one 
from seAvage, and 12 from man. 

The mo.st unusual feature of the folloAving ease is the localization of the in- 
fection in the subdural space, forming an abscess. The Salmonella infections 
tend to localize in the bones, joints, and other tissues,' and certain members 
of the Salmonella group, notably S. enieriiidis or Gartner’s bacillus, have fre- 
quently been reported as causing meningitis.® 


PBELDIIX.ARY XOTE 

Baby B. M., Jr., a Tvlute male infant, aged iVj months, University of Virginia History 
Ko. 1G3058, was admitted April 2, 1941, and died April 16, 1941. 

The cliild was bom at the University of Virginia Hospital on Kov. 12, 1940, and 
remained until Dec. 31, 1940. He was a premature child (seven months), forceps being re- 
quired for delivery. His birth weight was 2,185 Gm. 'Ulien discharged (Dec. 31, 1940) he 
Was in good condition (weight 2,975 6m.), although his head was observed to be large, even 
at that time. At birth the circumference of the head was 35.5 cm.; normally it is 34.7 cm. 

The child was next seen on April 1, 1941 (aged 4i,A months) in the pediatric out-patient 
department. He appeared to be very ill. His temperature was 102.2° P. (rectal). The cir- 
cumference of his head was 53.2 cm. (normal, 40.5 cm.), it being tremendouslv enlarged. 
He had vomited for two days previous to his visit to the clinic. 

Examination at that time (April 1, 1941) revealed Avhat appeared to be marked hydro- 
cephalus (Fig. 1). The fontanelles were very large and the cranial suture.s were widely .sepa- 
rated. The child gazed downward con.stantly in a typically hydrocephalic appearance." 


KEPORT OF CASE 

The following day (April 2) the child was admitted to the ho.spital on the • , 

service for study and possible operation, with a temperature of lO"’ T r t n 
lateral angle of the anterior fontancllc was aspirated and verv san,n,-,„' ^“eh 
fluid was obtained. This fluid contained 40,900 K.B C and '] 9S0 AV R P ‘at purulent. 

The following day (April 3) the erythrocytes of the a.spiVated 'fluid w’erf't^^- 
hut the white blood cells were considerably increased (27,300 R.B.C.- 8 

* * *> f '♦ 84 pGr 
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cent P.M.N.) ; one week Inter (April 10) the fluid wns very cloudy and eonfninod only OSO 
R.U.C. Imt ;!0,15(l W.B.O. jier euliic niilliiueler. Two day.- before death (April 1-1) the fluid 
aspirated through the anterior fonttiuelle contained -12,000 W.B.E. per cubic inillinicfcr and 
appeared frankly purulent, with no gross blood discernible. 

Examination of the fluid aspirated through the fontanelle on two occasions, for tlic 
preseneo of tumor cells was negative (hemalo.xylin and cosin .stain of centrifuged .specimen). 



Fljr. 1. — PIiofogTnpli of tlic patient (twenty-four liours after tlic first aspiration of fluid 
through the anterior fontanollo) taken on the day after atliniKslon to tlio liospital (.April 3. 
1941). Note tlie very largo liead. tlie engorged scalp veln.s, and tlie typical downward gaze of 
the eycball-s so often seen in hydrocephalic Infant-s. 

The blood and ventricular fluid Wns.scrnninn reactions wore negative. Urinalysis revealed 
many large granular pscudocasts but no rod blood cells and no albumin or sugar. An occasional 
white blood coll per high-power field was seen. Blood counts arc shown in Table II. 


Table II 


BATK 

! HEMOGLOIIIX 
i(%) (GM. %) 

(millions) 

W.B.C. 

4/ 3/41 

C2 

9.0 

3.03 

9,300 

(Day after admis- 




P.Al.iN. 28%, Lymph 67%, Jlono. 

sion) 




5% 

4/ G/41 

Go 

10.0 

5.0S 

21,000 

4/ 8/41 



4.10 

19,200 

4/11/41 



3.84 

11,200 

4/14/41 



. 3.1G 

34,500 


Bacteriologic Examination of Removed Intraventricular or Subdural Fluid. 
— This was done on several occasions. It soon became evident that none of the 
ordinary pyogenic bacteria were the cause of the infection. A SalmoneUa-like 
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organism Avas isolated, designated Salmonella sandiego, constituting the first in- 
stance of an intracranial infection from this organism in our experience. 

Course in the Hospital— The child’s condition, as might he expected, was 
precarious at all times. He died two weeks after admission. His terminal tem- 
perature was 101° P (rectal) , the temperature readings fluctuating widely, the 
highest reading being 105.2° F. (rectal) the day after admission. The anterior 
fontanelle remained verj' tense at all times except immediately after aspiration. 
Con%'ulsions occasionally occurred. Sulfathiazole, sulfapyridine, and trans- 
fusions of blood were given. Chcync-Stokes respiration and cyanosis were fre- 
quently observed. Tlie immediate cause of death was respiratoxv* failure in- 
cident to the overwhelming intracranial infection. A post-mortem examination 
could not be obtained. 

DI.SGUS.SIOX 

An intracranial infection from the organism identified in this case {S. san- 
diego) is veiy rare. It is possible that the child had a primary (congenital) 
hydrocephalus on Avhieh was engrafted the Salmonella infection, since the 
child’s head was enlarged at birth. Interest also centers on the exact location 
of the intracranial infection. Was it primarily intraventricular or subdural? 
The impression of one of us ( J. jM. M.) who observed the child daily in the ward 
was that it Avas primarily subdural, although this can never be proved con- 
clusiA'ely .since no burr openings Avere made over the cerebral hemispheres and 
no post-mortem examination Avas permitted. It is also quite conceivable that the 
intracranial involvement began as a purulent meningitis from a primary- infec- 
tion elscAA’here in the body (gastrointestinal tract) or from a blood stream infec- 
tion, proceeding on to gross intraventricular infection (purulent ependAinitis) 
and subdural infection as Avcll. 

EPIDEAnOLOGY 


Efforts were made to determine the manner in which the infant might have 
obtained such an unusual infection. Dr. T. S. Englar, Director of the Joint 
Health Department of the County of Albemarle (Va.) and the City of Char- 
lottesA'iHe, kindlj' instituted a survey of the child’s home enAuronment in a 
nearby countrj- district. His department found that the child had not been 
breast fed. The mother had been A-erj- careful to boil all milk before feeding 
the baby. 

The baby’s diet had consisted of boiled milk Avith Karo syrup added, as Avell 
as orange juice and Avater. He had been fed entirely by bottle and nipple, Avhich 
were con.sistently washed and boiled. The milk was usually boiled each momin"- 
and night. 


The baby’s mother continually complained of feeling bad, mth headache 
and nausea, frequently not eating at mealtimes. She did not complain of diar- 
rhea 01 ’ dysentery at any time so far as is kno'WTi. 

The evato supply was trom tivo open springs. Samples of water from 
these sprmgs ,vere esammed ip the labotutory of the Department of Prm eS°™ 

with B. cot. and B. acrapear, confirmed in three tubes of wircrch'frort'he 
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oilier siiring, 3S colonies jiei' (‘uhic cenf iineter, with B. ucnxjcncs confirmed in 
one lube of 3 e.c., and two tubes of 10 c.e. 

The scwafio was disposed of tbronirli a pil-tyiie toilet located so as not to 
contaminate the water sujiply. 

The home milk snjiiily was from two cows. One had been sold before tlic 
healih deiiarlment survey was made; bacteriolo'.de analysis of milk from tlie 
udders of the remainin'r cow (collected directly into a sterile bottle) .showed a 
count of 56,000 with no laeto.se fermenters. 


.SU.MMAKV 

A fatal intracranial infection due to BuhnaurUa sandirf/o, an uncommon 
typo of the genus, is reported in an infant. 

A list of the reported cultures of this type, with their antigenic fornuiks, 
is given. 

This appeal's to be the first report of this organism since the original de- 
scription of the type. 

Addciuht . — Since this jiaper was preiiared, another case of infection with 
S. sandiego in which localization of the infection occurred in the right kidney, 
and apparently also in the degenerated and necrotic :irea.s of a large uterine 
fibroid, has hcen treated in the University of Virginia Hospital. The cour.se of 
this illness, extending over a jieriod of sevent.v-six da.vs, was septic in character 
with blood stream infection, and recovery began apjiarently onl.v after the in- 
fected foci were removed by surgery. 
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EFFECT OF INJECTION OF TISSUE EXTRACTS ON THE NIDIBER OF 

BLOOD PLATELETS* 


Alfred Uihleix, ISI.D., Rochester, IMixx. 


T his investigation "svas stimulated by experiments-’ 'whicb indicated that 
a thronibocj'tolytic agent, “ thrombocytopen, ” can be extracted from spleens 
of patients "who have idiopathic hemorrhagic purpura and was undertaken at 
the suggestion of Dr. H. Z. Giffin and Dr. J. deJ. Pemberton. Some reports in 
the literature demonstrated that a substance can be isolated which not only 
decreases the number of circulating blood platelets of animals,"’ but even 
alters the normal contigiiration of the megakaiyocrtes when cultured in 
rttro.’*'^' The thromboertolj’tie substance apparently reduces the number of 
platelets, but experimentally, it does not produce purpura. Dui’ing the progre.ss 
of this study, several investigators^’ ■*’ reported their inability to isolate 
thromboGj-topen, while others confirmed its presence.-’ ’’ 


METHOD 


For the purpose of investigation, extracts of 28 spleens, together with normal 
hepatic and Ijmphoid tissue from one patient, were prepared. Thirteen spleens 
were from patients who had idiopathic hemon-hagie purpura, five from patients 
who had hemobdie icterus, five from those who had Banti’s disease, and one 
from a patient who had Hodgkin’s disease. There were four normal spleens. 
All hut three of the spleens Avere obtained from the operating room, and each 
was prepared for extraction within thirty minutes after splenectomy. Three 
spleens and the hepatic and bmphoid tissues were obtained Avithin an hour and a 
half after death. 


The tissues Avere extracted according to the procedure outlined by Troland 
and Lee.^' Briefly, each tissue Avas ground in a medium-fine meat grinder and 
AA'cighed, It Avas then placed in a .“jar containing acetone, the A'olume of AA'hich 
Avas tAA'icc the AA-eight of the ti.ssue. The container AA-as sealed and permitted to 
remain at room temperature for about four AA-eeks, gently agitated at least once 
a day. Three spleens AA’cre extracted in commercial acetone, Avhile all other 
tissues Avere placed in reagent acetone. After e.xtraetion the mixture AA-as filtered 
and centrifuged. The acetone then AA-as removed by distillation. The residue 
AA-as broAA-n and gummy. It AA-as mixed AA-ith a .sufficient amount of distilled AA-ater 
(0 make J c.c. represent 1 Gm. of ti.ssue. This aqueous mixture again AA-as filtered 
and the filtrate Avas placed in the refrigerator AA-here it remained for about tAA-o 


•From the Mayo Clinic, Roche.ster. 

, ...■''''’’■'''iUnenA ol tlie.“is .»ubmlUe(l to the faculty of tlm Graduate ‘lohoni t- , 

fuinilment of tho ronuJrcmbnts tor Utc clc-j^ree'ot 

■Work <lonc in the In«litule of Experimental M^-dicinr» tho 'Ktuvr. i *- « 

Keeeivfd for puhlicaiion. May 2.1, 1942- * ^^undation, Koche5tC'r. 
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weeks. If .‘I ])reeipit!itc formed, penile .'ipiliilion nnd pn.ssnpe lliroiiph a Zeks 
filter cleared the filtrate. A preservative was not added.® 

At first, experiment.s were eondue,fed on rabliil.s that averaged 2 kg. After 
a few c.xpcriincnfs, however, rabbits were rejeeted beeansc it was difficult to 
olitain control platelet eonnts from tboin, and rats weighing 200 Gm. (Wistnr 
strain) were used. Control platelet eomils were carried out for from one to 
tlirec days prior to injection of the extract. Usually 1 e.c. of the extracted mate- 
rial, the equivalent of 1 Gm. of lis.sue, was injected intravenously; however, 
as much as 20 e.c. were given. Subcutaneous and intraiieritoneal injections also 
were tried in a few instances. Following intravenous injection the number of 
platelets was determined at hourly intervals for the fii-st six hours, and there- 
after, every six hours until no further variation in the number of platelets was 
noted. Each animal received only one injection. 

The method u.sed for counting the platelets differed slightly from that of 
Troland and Lee.*' A 2 ])er cent solution of sodium citrate in normal .saline 
solution, as de.seribcd by Ottenberg and Ecxscntbal but modified by the Division 
of Clinical Pathology of the itlayo Clinic, was used instead of the Eeas-Keker 
solution, as the latter diluent contained too many platelet-like artifacts. The 
.solution of .sodium citrate contained 2.2(5 Gm. of .sodium citrate, l.S Gm. of 
sodium chloride, and 220 e.c. of distilled water. The solution Avas tlirice filtered 
into a .sterile fla.sk. The diluent awis ahvays freslily jirepared and Avas used at 
room tom])eraturo. 

Blood AA’as obtained by cutaneous puncture of the car of the animal. The 
firet fcAV drops Avere discarded,-'' " and specimens Avere not collected unlc.ss the 
blood floAved freely Avithout comprc-ssion of the oar. IIoAvever, gentle compres- 
sion of the ear Avas at times nece.s.sary after injection of (he extract beonu.se the 
blood floAv Avas decreased; the cause of this Avas not ajAparent. The blood Avas 
draAA’ii up to the 0.5 mark in an orythrocylc pipette nnd diluted to 1.1 AA-ith the 
solution of sodium citrate. Tliis mixture AA-as agitated gently by hand for three 
minutes. FolloAving a fiA’c-minutc quiescent ])criod a tliii'd of the contents in the 
bulb of the pipette Avas expelled, and suceceding drops Avere carefully placed 
under each half of the cover slip on a modified Ncubaucr counting chamber. 
The chamber AA-as then placed on a moistened piece of filter paper in a Petri dish 
for ten minutes to avoid desiccation and to permit settling of the cells. The 
number of platelets and erythrocytes in eighty small squares Avas counted Avith 
a high poAver objective and a lOx ocular. Computation Avas made in the usual 
manner. Only a A-ariation of ±200,000 in each count Avas considered significant. 

RESULTS 

Extracts of 2S human spleens, and one extract of hepatic and one of 
lymphoid tissue Avere prepared. Of these, four spleens, the liver and Ijunph 
nodes Avere obtained as controls. Various responses Avere obtained. Tlie first 
tAvo spleens extracted Avere from patients aa-Iio had idiopathic hemorrhagic pur- 
pura; these spleens Avere only slightly larger than normal (Table I). The ex- 
tracts of these tAvo spleens, Avhen injected, produced a dramatic fall of number 
of thrombocytes of the first rat from a preinjection level of 700,000 in each cubic 

•I wish to express my appreciation to Dr. A. E. Osterberg for Iiis assistance in preparation 
of the tissue extracts. 
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millimeter of blood to 40,000 in twenty-four hours (Fig. 1). Blood smeare, 
stained -ndth Wright’s stain, confirmed the presence of thrombopenia. The 
thromhopenia was prolonged for seventy-two hours, after which the number of 
platelets gradually returned to the preinjection level. IMoreover, injection of 
these extracts was followed by a similar response in eleven other normal rats, 
each of which weighed 200 Gm. All the animals appeared ill at the height of 
the thrombopenia. At the end of approxnnately a week these extracts became 
extremely toxic. Subsequently all animals died within six hours after the 
injection.” Hemorrhage or purpuric spots did not appear, nor could any 
definite change be noted in the bleeding or coagulation time. The number of 
erji;hrocji:es did not varA* significantly. 

Table I 


C-ASES IX WmCH THE Spleex Was 'Bxtr.acted 


case 

SEX 

COXDITIOX 

weight of 

TISSUE 

extracted 

(Gil.) 



Hemorrliagic purpura, idiopathic 

115 

2 • 


Hemorrhagic purpura, idiopathic 

110 

3 


Hemorrhagic purpura, idiopathic 

so 

4 


Hemorrhagic purpura, idiopathic 

90 

5 


Hemorrhagic purpura, idiopathic 

Hemorrhagic purpura, Idiopathic 

55 

6 


64 

7 


Hemorrhagic purpura, idiopathic 

120 

8 


Hemorrhagic purpura, idiopathic 

100 

9 


[Hemorrhagic purpura, idiopathic 

117 

10 


Hemorrhagic purpura, idiopathic 

104 

11 


Hemorrhagic purpura, idiopathic 

' 95 

12 


Hemorrhagic purpura, idiopathic 

78 

13 


Hemorrliagic purpura, idiopathic 

195 

14 

F 

Hemolytic icterus 

363 

15 

F 

Hemolytic icterus 

188 

16 

F 

Hemolytic icterus 

160 

17 

M 

Hemolytic icterus 

460 

18 

M 

Hemolytic icterus 

Banti ’s splenomegaly 

180 

19 

JI 

350 

20 


Banti ’s splenomegaly 

320 

21 

M 

Banti ’s splenomegaly 

300 

22 

M 

Banti ’s splenomegaly 

382 

23 

At 

Banti ’s splenomegaly 

Hodgkin’s splenomegaly (grade 4 sarcoma tAmel 

282 

24 

U 

590 

25 

F 

NTormal spleen 

36 

20 


Kormal spleen 

140 

27 


Xormal spleen 

125 

28 


Normal spleen 

125 

29 


Normal liver 

Normal lymph nodes 

490 

25 


Three other extracts of .spleens obtained from patients Avho had hemorrhagic 
puipura produced only a small transitorj- decrease in the circulating platelets in 
six hours ; one other extract of a spleen from a patient ivho had henmlj-tic icterus 
produced a definite decrease in the nmnber of platelets, which la.sted only a few 
hours. None of these produced tlie striking thrombopenia of the first Hvo ex- 
tracts (Fig. 1). These extracts, however, never became toxic, although several 
animals received injections. The extracts from the remainin'^ tissue did not 
produce any significant decrease of the number of blood platelets or erythrocAdes 
after injection (Fig. 1). Even injection of larger amounts of the extracts 
lugh as 20 c.c. failed to reduce the number of platelets. However, all animals ap- 
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pearecl apathetic foi- short ptM-iods after tlie in.ie<-lions', a result siip:(,'e.stive of an 
iiukteriiiniato type of reaelioTi. 

COMMKNT 

Although thromhoeyt 01)011 cotild not he extracted eonsistently from all the 
s])leens of patients who had hen\orrha"ic purpura, its i)resenee was indicated in 
sonic of them. Five extracts of the 10 spleens from patients who had idiopathic 
hemorrhatric purpui-a iiroduecd a certain amount, of thromholytic activity. 
Jloreover, one of five silicons from patients who had liemolytie icterus apparently 
contained a thromhoeytolytic .sulistanee (Table II). The fact that all animals 
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albino raU 

were apathetic after the in.icelion of the extracts suggests an anaphylactoid re- 
sponse, probably nonprotein in nature since the acetone is believed to remove 
all the protein. The extracts were impure and the lipoid fraction may have 
contained substances which produced this effect. 

Neither extraction with reagent acetone or with commereial acetone nor 
distillation of the acetone fraction by various methods seemed to intluenee the 
thrombolytic activity of the extracts. 

No explanation can he given for the toxic manifestations encountered with 
the fir.st two extracts used. Dilution of the material and filtration through a 
Zeiss filter failed to diminish the toxicity. It is not likely that failure of the 
number of blood platelets to decrea.se could he attributed to the citrate solution. 
Platelets counted after dilution with a 2 per cent solution of sodium citrate re- 
mained consistently constant prior to injection, and this result suggested that 
the method was satisfactory. "With the Itee.s-Iijcker stain a platelet count that is 
too high rather than too low is likely to be obtained. 
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TjIHLEIK: effect of injection of tissue extracts 

Rats were used instead of ralibits principally because the control platelet 
counts ivere more constant and because these animals were more available. 
Since most of the data in the literature on this problem were derived from ex- 
periments on rabbits, some inv&stigators may criticize these results as incom- 
parable with the results of earlier studies. It is doubtful, however, whether the 
tjTie of laboratorA- animal used is a factor in influencing the results, since rabbits 
also were given injections of the extracts in the first few experiments. ^Vith 
rabbits the response of the platelets was not unlike that found among rats. 

Table H 


Kespoxse or Platelets to IxaECTiox or Tissue Extract 


cases in avjiich spleen avas extracted I 

decp.ease in number or platelet.s 

CONDITION 

XCMBER 

100,000 

, .*VXD MOKE 

LESS THAN 
; 100,000 

Idiopathic hemorrhagic purpura 

1.3 

5 

1 8 

Hemolytic icterus 

Banti’s disease 

5 

1 

4 

5 


o 

Normal spleen 

4 


4 

Normal liver 

1 


1 


SUMMARY 


The residt.s of this study neither clearly demonstrate nor definitely deny 
the existence of a thrombocj-tolj'tie substance, “ thi’ombocytopen, ” in extracts 
of spleens from patients who had idiopathic hemorrhagic purpura. Because of the 
inconsistency of the results, the study indicate.s that a better method of extrac- 
tion is essential. Twenty-eight spleens, liver tissue, and hnnphoid tissue were 
obtained from patients and the thromboeytolytie substance -was extracted. 

Thirteen .spleens from patients who had hemorrhagic purpura were ex- 
tracted. Extracts from two produced a cousiderable drop in the circulating 
blood platelets ; in three they produced a moderate decrease, while the rest gave 
no response. Five spleens from patients who had hemolj’tic icterus Avere ex- 
tracted; the extract of one spleen apparently lowered the number of platelets. 
This response was repeated in other animals and Avas not eliminated by heating 
the extract. 

The decrease of the number of platelets and the lethargic state of the animals 
after injection suggested the presence of anaphylaxis or a histamine-like reaction, 
since the symptoms appeared shortly after administration of the extract and dis- 
appeared Avithin a feiv hours. 
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A PRELBIIiXARY REPORT ON THE TREAT.AIENT OP BACILLARY 
DYSENTERY WITH SUCCINYL SULPATHIAZOLE* 


Edgar J. Potii, Pii.D., JI.D., Bkach AI. Chknowktii, Jr., AI.D., and 
F. Loui.s KXOTT.S, AI.D., Bai.ti.mork, AId. 


T he introduction of sulfonamide therap.v has been the most sigtiificant recent 
advance in the treatment of bacillaiy dj-sentery. Tlie d,vsenteiy organisms 
are partieularlj^ susceptible to the antibacterial action of several members of this 
series of drugs. Sulfapyridine^’ = and sulfathiazole^'’ are probably the mast 
effective sulfonamides reported so far, TheA”- vould be enlirelA^ satisfactory if 
they were less toxic. 

Cooper and Keller® showed that a single dose of 2 mg. of sulfafhiazole given 
orally at the time of intraperitoneal injection of a suspension of 1,000 minimal 
lethal doses of Shigella paradysenteria Flexner protected mice against the in- 
fection. Under similar conditions sulfanilamide was ineffectual. 

•From the Department of Sureery and the Department of Pediatrics, the Jolin.; Mnni-inc 
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The successful use of various suKouamides vould indicate that many of 
these compounds are effective against hacillaiy dysenterj' Tvhen they are ab- 
sorbed slowly enough from the gastrointestinal tract to allow the concentration 
of the drug to reach bacteriostatic levels in the bowel. An important property 
of an active compound ideally suited to the treatment of bacillary dysentery 
requires, therefore, that the di'ug be sparingly absorbed from the bowel. This 
property ^vill keep the drug where it can be directly active against the bacteria 
and win minimize general toxicity. 

TOXICITY OF SULF^VPYRIDIXE, SULFATHLVZOEE, .\KD SULF.\XII>YLGi;.AXIDIXE 

A reiuew of the literature on the use of suHapj-ridine, sulfathiazole, and 
siiKanilylguanidine shows that these compounds cause toxic reactions when used 
to treat baeiUaiy dysenteiy. 

SuKapyridine is the most toxic. Ravenel and Smith- state, "In a few pa- 
tients sulfapyridine produced marked restlessness; this was controlled with 
phenobarbital. ’ ’ 

lVeleh“ found more severe manifestatiasn of toxicity: "Sulfapyridine ad- 
ministration is followed by sjTnptoms of nausea and vomiting which occur to 
varjung degrees in 30 to 40 per cent of children under treatment. Too fre- 
quently the vomiting makes the therapy disagreeable and too often is so severe 
that it necessitates discontinuing the drug.” 

The toxic manifestations due to sulfathiazole are less severe. One patient 
we treated developed a rash which necessitated discontinuance of sulfathiazole. 
A more serious sequence was reported by Taylor.^ An infant, 4 months of age, 
received 0.9 6m. of sulfathiazole in the presence of a slight jaundice. The 
jaundice increased and the drug was discontinued. The child died twenty-three 
days later of the bacillaiu’ dysentery. Although the jaundice might have been 
due to multiple transfusions of blood, it was for fear of a drug reaction that 
sulfathiazole was withheld. 

Of the three drugs used most -widely in the treatment of bacillary dysentery, 
siilfanilylguanidine appears least toxic. Lyon^” observed mild toxic manifesta- 
tions, consisting of (1) disturbances of sensorium, (2) conjunctivitis, and (3) 
"discoloration” of the sldn. These evidences of mild toxicity occurred in four 
of the 23 cases treated. 


SUCCIXYL SULFATHIAZOLE AS A CHEMOTHER.APEUTIC AGEXT LOC.-VLLY 
ACTITE IX THE BOWEL 

The experimental and clinical foundation for the use of succinyl sulEa- 
thiazole in the treatment of bacillary dysentery was laid by Poth, Knotts, Lee, 
and Inui”-’'= These authors demonstrated that this compound has- much greater 
local activity against the coliform organisms in the bowel than sufathiazole and 
.siilfanilylguanidine. The phj-sical character of feces is profoundly altered bv 
the action of succinyl sulfathiazole. The feces become practically odorless 

Furthermore, it has been sho-wn that the toxicitv of this dnio- is unusuallv 
low. Approximately 5 per cent of the ingested compound is e^reted bv the 
kidneys when diarrhea is absent. In the presence of diarrhea an even sniaUer 
proportion of the therapeutic dose is recovered from the urine. 
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•All daily dosages are divided Into six eanal portions and administered at fi>nr-li<mr Inteivals. 

(a) — 1 Gni. ns an initial dose. 

(b) — 1.5 Gm. a.s an initial dose. 

(c) — 0.75 Gni. a.s an Initial dose. 
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TREATSIEST OF BACILLARY DYSEJCTERY WITH SL'CCIXYL SULFATHI.VZLE* 

The usual general symptomatic treatment was given all patients. This 
regimen included the administration of adequate parenteval fluids and elec- 
trolytes to combat dehydration when the need for this was indicated. No patients 
received transfusions of whole blood or plasma for the treatment of the dys- 
entery. One patient did receive a single transfusion of whole blood because of 
a long-standing nutritional anemia. The diagnosis of bacillary dysenteiy was 
confirmed baeteriologieally in all casc.s included in this study. 

The drug was given by mouth, and the dosage varied from 0.25 Gm. to 1.0 
Gm. per kilogram daily, divided into six equal portions. The length of treat- 
ment varied from two to seventeen days. As indicated in Tables I and II, there 
were no failures and no deaths. The patients ranged in age from 8 weeks to 83 
years. 


Bacu.u.w.v Dysexterv IX Adults Tre-kted With Kucaxvn Suleathiazole 


X.'iME 

AOE 

(VR.; 

PURATIOX OF 
DIARRHEA 
BEFORE 
TREAT^lEXT 
STARTED 

ORG.VXISH 

xo. 

stools 

before 

TRE.VT- 

ilEXT 

STOOLS DAILY WITH 
TKEAT.MEXT 

DO.SAOE 

GSI./KO./ 

DAY 

A'O. 

PAYS 

TREATED 

1 

9 

3 

4 

5 

ST 

21 

3 (lays 

Klviga 

9 

3 

2 

3 

1 

1 

0.25 (a) 

4 

RS 

22 

4 (lavs 

Sonne 

12 

4 

3 

9 

9 

9 

0.25 

4 

R.S' 

19 

4 davs 

Flexner 

15 

9 

5 

3 

1 

1 

6 

4 

PAV 

29 

7 (lavs 

Flexner 

15-18 

14 

9 

6 

0 

3 

i 

4 

MM 

2.'’. 

2 dav.s 

Flexner 

20-25 

14 

9 

3 

1 

1 

b 

4 

H.S 

2?. 

(5 davs 

Flexner 

20-25 

14 

4 

9 

1 

1 

b 

4 

.ro 

2o 

1 day 

Xot t'vped 

12-15 

12 

3 


1 

1 

h 

4 

s.s 

.’,0 

2 days 

Flexner 

25-30 

20 

/ 


9 

1 

1 

0 

DX* 

83 

32 days 

Flexner 

10-15 

4 



8 

4 

h 

37 

Hr 

Of 

3 md. 

Flexner 

Many 

4 



1 

1 

0.25 (a) 

14 


♦This patient was in extremely poor condition, with malnutrition and decubitus ulcers, 
? ^ follon’insr suJfathm^aJe therapy without benefit to dvsenterj* before succinvl 

suiiathJazole treatment was instituted. Treatment was continued much longer than necessar^'. 
fa) — 0.25 Gm. per kilogram as a single initial dose. 

h —0,5 Gm. per kilogram daily for two days, then 0.25 Gm. per kilogram dailv. Bailv dosage 
IS divided into six equal portions and given at four-hour intervals. 


The data recorded in Table I indicate that the response of children and in- 
fants suffering from bacillaiy dysenteiy when treated with suceinyl .sulfathiazole 
is prompt wiietlier treatment is begun early or late in the disease. The response 
i.s cquallj good with the smaller dose.s as ivith tlie largei’. The temperature re- 
turned to nonnal in twenty-four hours or less in all imstanees except one. In 
(his ease the temperature became normal in thirty-six hours. Tlie re.sults of 
treating ten adult.s with bacillary dysentery with suceinyl sulfathiazole are sum- 
marized in Table II. The i-e.sponse to tlierapy is again prompt regardless of the 
duration of the disease. 


The number of patients in this series wa.s insufficient to determine accurately 
tlie minimum dosage of drug and the shortest period of therapy rerjuired for- the 
sucee.sstui treatment of bacillaiy dysenteiy with suecinyl sulfathiazole It is 
obvious, however, that in most instances unncce.s.sarily laVge quantities of drim 
were given for longer pcriod.s than required. In fact, the response was better 
m <i,»o m.o.y.n= 11, o smallo, Buc.cnoloaic .studios shou'od thl 

or».u..sms 1„ 1,o cspcciall.v smocpliblo „,e Vn i 


Unhiti 


•The .‘iucclnyl .^uUfvthiaznlf- {‘=ulf.a.ijxi(linei ..c-i .. . 

le. IM.llaaeliihla. P.a. iixidme) u.-o<I m tins study tya.s supplied hy Sharp & 
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bacterial action of suecinyl .siilfatliiazolc. The flysenfery oi-'raiiisms ordinarily 
disappeared from stools •within forty-cis:ht lioiii-s, M-liei’cas siirnificant lowcriii" 
of the coliform bactciaa required two or tlirce days of additional therapy. 

It is especially sif^nificanl that the response to sneeinyl .sulfatliiazole is 
immediate, althoiiirli the disease lias been ])resent for as lontr as tliree niontlis 
before treatment is nndertaken. This result is in contradistinction to the oh- 
serrations made by Lyon and i\rai-shall rcfrardintr the efficacy of snlfanilyljniani- 
dine. As stated by Lyon:” “The dru" ajipcars to bo most elTieaeious when ad- 
ministered during the first 3 to 4 days after onset of fever or diarrhea. Altliongli 
the percentage of failures may be higher when the drug is not given until after 
the fifth day of illness, it has been observed to be effec-tivc at limes even when 
given later in the di.sea.se.” 

i\rar.shall, Bratton, Edwards, and "Walker’'' say: ”Ten ehildren were treated 
late in the disease, the institution of ehemolheraity varying from the 4lh to the 
14lh day of the di.sease. In this group the results were not uniform. .Someea.=e5 
showed the .same striking improvement that occurred in the ehildren treated 
early, but the majority ran a cour.se uninllneneed by the administration of 
.sulfanilylguanidine. ’ ’ 

It appears that sulfanilylguanidine is most ofi'ective against bacillary 
dysentery if the treatment is started early. It may fail to influence the eoui'sc 
of the disca.se if treatment is delayed. 

mscu.s.siox 

While the results of treating bacillary dy.scnlery with the sulfonamiclo.': 
are so good in the United Slatc.s, it. mu.st be realized that this outcome is jiartly 
due to the excellent state of nutrition xasually encountei'cd here. In areas where 
stales of poor nutrition exist, e.specially among ehildren. mei'c baeteriostasis docs 
not give such brilliant rcsult.s, becau.se the diarrheas of the specific bacillary 
dysenteries are complicated by malnutrition. Under the.se eireumsianees atten- 
tion to general care, fluid, and electrolyte reifiaeement, and nutrition must he 
held of equal importance witli .si)eeifie drug lhcrai)y. 

Under ordinary conditions of our national civilization, sanitary safeguards 
and food protection arc developed to a high degree and bacillary dysentery 
among adults is not a serious problem. In tlie armed forces, however, men in 
strange climates and frequently in un.sanitary surroundings arc unduly exposed, 
and infection of the adult becomes a problem of major importance. Because of 
the apparent great efficacy of suecinyl .sulfathiazole in bacillary dysentery and 
the absence of toxic symptoms due to flie administration of llii.s drug, it would 
be highly desirable to consider the use of suecinyl sulfathiazole as a prophylactic 
agent. A small quantity of drug given in the daily ration of men in areas of 
heavy exposure might offer protection. Such a protective dose might be sur- 
prisingL'^ small j and in the ab.senee of any effect on the scn.sorium. a.s detei’mined 
by reaction time, and so on, the drug could be administered to great advantage. 

The doses given in the cases of bacillary dysentery reported here may well 
be much larger than is required. No toxicity to the drug has been observed in 
any of these patients, and there were no instances where the drug failed to ar- 
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rest the disease in a very sliort time. Since the minimum effective therapeutic 
dose of succinyl suifathiazole has obviously not been established, a satisfactory 
prophylactic dose might be surprisingly small. 

Because suifathiazole is highly effective in bacillary dysenterr , because the 
activity of succinyl suifathiazole is probably due to the degradation product, 
nascent suifathiazole, and because succinyl suifathiazole can be maintained in 
high concentration in the borvel ■with only slight absorption and ■without the 
development of toxic manifestations, it is not surprising that succinyl sulfa- 
thiazole in tolerated therapeutic doses should have a pronounced antibacterial 
actmty against the organisms of bacillary dj'sentery. In all fairness it should 
be stated that during the past summer baciUarj' dysentery ■was not prevalent, 
and the disease might have been relatively mild. This commrmication should, 
therefore, be regarded as a preliminary report. Kirby and Eantz^® have, ho^w- 
ever, succeeded in curing bacillary dysentery carriers ■with succinyl suifathiazole. 

SLUBLARY 

The treatment of bacillary dj’senterj' ■with a new chemotherapeutic agent, 
succinyl suifathiazole, is presented. The drug is equaUj* effective in both the 
acute and the more chronic forms of the disease. All eases of baeiUary dysentery 
treated responded promptly. The administration of the drug caused no rm- 
toward toxic manifestations. 

"We Tvish to thank Dr. Samuel Revell, oE the University of SlarylanO School of Medicine, 
and Lt. David W. Bxley, of Camp Jackson. South Carolina, for the privilege of including in 
this report cases of bacillarj' dysenterj' treated under their direction. 
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A NEW IIVPOTJIEEIS ()E THE PEODrt’TlON OK THE T WAVE IN 
THE ELECTEoHAHniOHEA.M 1»,ASEI) ON Kl.ECTIIOKINETIC 

PHENOMENA^ 


J. Poscoi; Mu.i.nt, NI.S.. Nl.I)., F.A. C.P., .\.\i) Pov I''. Hi.nt, P.S., -M.D. 

('incAco. li-h. 


T H 10 purpose* of tins isipor is to elrscrilu* o jiossilelc inri'Iiniiisin for the pro- 
duction of llio T-wavc coiiipoiicnt of the elect roc, •ii'dio^raiii iind tin* expovi- 
mental jiroccdurc followed in its preliminary study. This study was boi-'nii 
witli the lio])c that a more logical and concrete e.xplanafion of the elect robinlopie 
phenomena responsible for this jthase of the e.'irdioyram could he found Ibo'i 
those e.xplanations now eurrent. 

In •reneral. it is accepted that the T wiivi* represents the disappearance of 
the electric disturhaiiee I'cspoiisihle for the th'lleetion, whieh j)hcnoinciioii 
has been variously termed rcpolariz.-ilion, return to the resting state, end de- 
flection of the QRS. etc. The .•xac| manner in which this occurs, however, is 
disputed. The earlier hypothesis .st.-ites tluit the eharaeter of the T wave is de- 
termined by the vectorial summation of the last i)ortions of two out-of-pbase 
monoiihasic waves.'"'’ NIore r('cejitly, with the better understandiiifr of tlic 
nature of the QRS comple.x and its rel.'ition to myfjcardijd e.xcitation, there bas 
developed the eoncej)t that the T wave represent.s a simple retreat of llic wave 
of excitation, i.e., doublets of retreat." 


Without enteriu" into :i dc'lailed ex:uiiination of the two exact mechanisin.s, 
cither explanation, if correct, should jin.swci- questions directed at the broader 
concept that the 1 wave is a disappearance j)henomcnon of <in electric disturbance 
which in its invasion of the myocardium inscribes the QRS comjilex. One ano-s- 
tion Avhicli immediately rises is why the <li.s:ii)i)cju’ance of the wjive of excitation 
normally should involve a Iar<rcr quantity of electricity than that involved in 
it.s entrance or invasion. This di.sjiarity can be demonstrated rcjidilv by com- 
paring the sum of the areas under the QR.S and T Avaves in the normal electro- 
cardiogram taken from enough points over the body surface to enconpmss the 
heart eompIetcly.‘'t Other questions dealing Avith si)ecific changes in the QRS 
AA’ithoiit corresponding changes in the T A\'aA*e, and A’ice A’ersa, maA' bo asked, 
and many Avill be unansAvered. For instance, it is a common observation that the 
T AA’aA’es increase in magnitude iii h^pcithyi'oidism Avithout a corrc.sponding 
increase in the QRS. If they A\"erc an expre.ssion of different phases of the same 
phenomenon, this hardly Avould seem likely. 


‘From the Department of Medicine. Northwe.stern Univer.sity Medical 
Received for publication. June 15, 1912. 
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tThe electrocardiograph machine is es.seiUlally a rccordinc , 

minimum current from the electrical source. Thus the elccti-ocardioi’.m i "'"r'l <!' 

miiuui ^ , nrn n Oll-i n" f h* POtOn 

ty involvof? 


draw? tbc 


Tviinimtim current from uie eiecmuHi suuiui;. jlijuh ii.v. , - 

Wacing and the areas under the tracing are a measure of the quant tfes“^r eioJ-N 
in etwh portion of the electrical cardiac cycle. ' mtities of electricity 
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Another reason for this investigation deals not with the inadequacies 
of the current explanations but unth the inherent electrod>Tiamie char- 
acteristics of the T wave itself. A close study of the normal ventricular 
QES-T complex shows that the QRS component and the T component 
are entirely different in foian, duration of existence, and rate of change. 
The QRS tracing ha.s a steep front and an equally steep decline, while the T-wave 
has a smoothly changing front, a more gradual rate of change, and persists for 
a much longer time. If the T-wave potential were dependent on cardiac mus- 
cular contraction, it would seem that the shape of the tracing could he cor- 
related ^vith a possible mechanism of development ; that is to say, the shape 
would more nearly reflect its manner of production. Further, the greater quan- 
tity of electricity involved in the T wave could he explained, for in contracting 
the heart does work and is, therefore, potentially capable of producing electricity. 
Obviously, this idea would be untenable at once, were the T wave to be inscribed 
at any period in the cardiac cycle other than that of cardiac .systole, or even be- 
gin before or persist after systole. This, liowever, is not the ease, as can be shomi 
by simultaneous intraventricular pressure and electrocardiographic recordings. 

The a.ssoeiation of the T-wave potential with myocardial actinty is not new. 
Several intere.sting references to this po.ssibility have appeared in the liter- 
ature.^'® One reference is to the specific idea to be outlined in the following 
paragraphs.® 

In considering the conditions obtaining in the myocardium during systole 
which could convert mechanical energy* into electrical, it is reasonable that those 
w'hich are involved in a displacement phenomenon are the mast likely subjects 
of investigation. On this hj-pothesis, then, the intramural displacement of 
fluids, both intercellular and eapillarj', .suggests itself as a possible source by 
reason of the eleefrokinetic phenomen of streaming potentials.^® The question 
is, will there by a sufficient pressure gi-adient along the intramural path.s open 
to the blood, tissue fluid, and lymph to produce an appreciable eleetrokinetie 
effect? 

From the equation for .streaming potentials, 

H = 8.48 y. 

n Ks 

where H = Stream potential in millivolts 
t = Potential of the double layer 
n = Coefficient of viscosity 
I) == Dielectric constant 
P = Pre.ssure in cm. Hg 
Ks ~ Specific conductivity in mhos 


it is .seen that for a given capillary system, the potential is directly proportional 
to the pre.ssure, the dielectric constant, and the zeta potential: and inversely pro- 
portional to the viscosity and the conductivity. A simple snbstimioii of the 
con.slants for whole blood at body temperature and an as,sumed value of .50 
rmfiivo}(.s for the potential of the double layer will .sljow, however tfiat the nres 
MIIC Will liiivo to lie liioli i[ the poteminl is |„ l,e „r ,j,e ^ ' 

siir,!- 10 produce the T wave. C-aleiilatioips will readily show that ventriephr 
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intramural strc.ss can attain values of 40 cm. Iff,' tliroupliout most of tiie >vnll 
and values of CO cm. llfr at. tlie base ■\vlicre tlic muscle fibers taper down to in- 
sert in the valve rinps and intervalvular fibrosa. 

As a preliminary test of tiie forefioiiifr reasoning, dead boai'ts were perfused 
tlii’ouph the left coronary ai-tory with vaiaous fluids (5 per cent plucose, 0.2 to 
0.9 per cent .sodium chloride, Avliole heparinized blood), and the potential across 
the anterior wall of the left ventricle wa.s measured at various intramural prfcv 
sures. At prc.ssurcs licfwcen 20 and 40 em. Iff' siirnifieant imlentials were de- 
veloped, and the variations were in airroeinenf with those jiredicted from llic 
equation, namely, that the low eonduetinp solutions produeed the ]ar"e.st po- 
tential and the more conduetinp .solntioas the smaller potential, and that tlic 
potential was dii-eetly related to prc,ssiirc. The jiotential developed with Idood, 
which is tile one of interest, was 0..o inillivolts at 40 <-m. ]ire.ssnre. It .should !>e 
noted here tlial the juitentials dcvelojicd varied considerably with the individual 
hearts and appeared to dejicnd on the time dead, since hipher values were oh- 
tnined with the I're.slicr material. The.se experiments, therefore, arc not quanti- 
tative but. qualitative, and the results are of value only in tliat they demoimtratc 
that the internal arelutoeture of tlie venfrieidar wall affords a capilhiiT sy.slem 
which, wlien there is streamed through it a fluid willi the eomparativcly inch 
electrolyte concentration of whole blood, is eapal)le of produeiiifr .significant 
.streaming potentials. 

The quastion of the exact manner in which Hie blood and extracellular fluid 
may be displaced or scpicczcd about during ventricular .systole to jirodnce .stream- 
ing potentials, cannot be answered dogmatically. 7’lio most logical .sequence 
would .seem to be a progressive “wringing out” of the myoeardinm as contrac- 
tion progre-sses to a maximum. That blood, at least, is “wrung” out during 
s.vstolc is .shown by the coronary (venous) outflow wiiieli occurs at tins time in 
the cardiac cycle.”- >= 1-^r any given segment of myocardium, tlic sign of the 
developed potential would be negative to positive when progressing in the direc- 
tion of the intei-muscular fluid displacement. 

From the foregoing it can be postulated that rcgai-dlcss of the manner iu 
which an intramyocardial pressure gradient is ]n-oduced. wlictlicr by the actively 
contracting lieart or by a force applied cxlornally, just' so long as'it exists flow 
potentials should be developed. Thus, externa] energy applied to a heart 
rendered unresponsive to electrical and mechanical stimuli should produce a 
potential the characterist.ic.s of which are similar to those of the normal T wave 
as regards magnitude and rate of change. With tin’s idea in mind, then, flic fol- 
lowing experiments were performed. 

Series I.— Method. Dogs anesthetized witli nembutal were given 40 c.c. of a 
20 per cent solution of magn^ium sulfate intravenously in order to decrease 
the irritability of the myocardium. * The thoracic* cavity was then opened, care 
being taken to keep the field dry. The animal Avas connected through electrodes 
to the right foreleg and left hind leg to a string galvanometer clcctrocardio'n-aph. 
The heart was then stimulated by means of a probe, and records were made of 
the resulting ectopic impulses. When stimulation ceased to produce an impulse, 
the heart Avas gi-asped in the hand AA'liieh had been insulated liy means of a rub- 
ber glove, and roughly bumped about the chest cavity to detei-mine the amount 
of potential, if any, developed by such a procedure. With the electrocardiograph 
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recording the heart was then forcibly constricted and suddenly released, or pres- 
sure was maintained for a period of several seconds. 

Resitlis. Cardiac stimulation produced ectopic impulses for a period vary- 
ing up to twenty minutes after the chest earity was opened. As will be seen 
from Fig. lA a period was finally reached when stimulation produced an im- 
pulse without demonstrable contraction or T wave. Fig. IB shows the result of 
movement of the heart and mediastinal structures. As null be seen, no significant 
potential was developed despite the fact that the contents of the che.st were 
moved about rigorously, and the string was loosened to exaggerate the ef- 
fect of any movement. Fig. 1C shows the result of constriction of the heart 
before irritability had entirely disappeared. Here it will be seen that there 
was a sudden production of a potential which gradually returned toward zero. 





Fig-. 1;— A, Stimulatfon of myocardium producing an impul-so -without demon.^trable con- 
iractlon or T wave. B, Vigorous movement of the heart and mediastinal structures. C, Arrows 
period relaxation of pressure. Xote ectopic impulses occurring during this 

-Vt the same time several ectopic impulses arose from the yet irritable muscle, 
thus demonstrating that the potential that developed by squeezing the heart was 
independent of spontaneous impulses. Fig. 2A shows the result of sudden con- 
.striction of the heart with immediate relaxation, while Fig. 2B shows constric- 
tion with maintenance of pressure and the return of the potential to zero upon 
rela.vation. 

After irritability had ceased there was a period of from five to twelve min- 
utes when the above re,suUs could be obtained at will. At the end of that time 
changes had occurred in the ti.ssue which resulted in adventitious volta'-e.s due 
to development of local concentration eelLs. .so that any movement of the thoracic 
.structures would produce unlimited bizarre potentials. 
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Series II. — Method. 'J’lu'sc <!XiK-riincnt.s (•oiHhiclctl lo confirm previoir: 
observations rcsrardiiip; llio time rclnlioiislii]) oi cliansrcs in intravontriciiliir 
])ressurc to the T ^vave in the eleetroeardiojrrain. 'I’liis rvas done liy simiil- 
tunoously rocordiiifi on llio elect roisirtlioiJinnn the pressure in tlie left veiitridc 
ami carotid artery.'^ 



Kig. 2. — A. Conulrlctlcin of hc.-ut wltli iniineainto n'lnxntlon. i:, C»l)^>tri<■^lon wUli iiKilnO nonw 

of pr«?ssun* ntul relaxation. 



Results, I’ 3A siio\\s the coiiclatioii ot* iucrouj^es in cuu’olid jii'cvssurc witli 
the T wave and Fig. SB shows changes in tlic left inti-aventricular pressure and 
the relationship of these changes to the T wave. It will he seen that in each case 
rise of pressure oecui-s at the same time as the T -wave and that the latter is 
always confined within the time limits of the former. 

SUJIMARY AND CONCLUSIOXS 

The nature of the T wave in the electrocardiogram suggests that it is due 
to an eleetrokinetic cause and does not represent retreat electric disturbances. 
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The structiu-e of the heart with its capillarA' hed is such that contraction could 
produce streaming potentials of the order of magnitude of the T wave. Pressure 
perfusion of the heart showed tliis to be entirely possiiile. Constriction of the 
unresponsive heaii; likewise produced this phenomenon. In addition it is shomi 
that the T wave corre.sponds in time to the increase in pressure in the left ven- 
tricle. These observations suggest that contraction of the heart with its resultant 
streaming potentials is responsible for the T wave in the electrocardiogram. 
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Series II.—Meihod. These experiments ^v(>rc eomluclod to confinn previous 
observations rcfrardinft the time relationship of ehan-res in intraventriMilar 
pressure to the T wave in the eh>etroeardio{:ram. Tins was done by sunul- 
taueouslv recordin<r on the eleetroeardiofTrain the jn’essure in the leit voiitricle 
and carotid artery." 





Fig. 3. — .‘1, Simultancoii.*! roconllng of carotlU lirp.'s.'iuro anil plpptrocarillognini. 

ventricular pres.iurc uiul L'lcctrocanllograin. 


F , I >'{1 


Results. Fi". 3/1 sliows tlie correlation of inei-eases in ciirotid prc.s.sine ' 
the T Avave and Fig. 371 slunv.s ebanges in the left intraventricular pvcssuie ina 
the relationship of these cbangc.s to the T AvaA’c. It Avill be seen that in each ea® 
rise of pressure oeeui-s at the .same time as the T AvaA'c iind that the lattw 
ahvays confined Avithin the time limits of the former. 


SUMjr.ARY and CONCEUSIONS 

The nature of the T AA'aA’c in the electrocardiogram suggests tliat it is 
to an electrokinetic cause and docs not represent retreat electric disturbances. 
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The structure of the heart with its capillary bed is such that contraction could 
produce streaming potentials of the order of magnitude of the T wave. Pressure 
perfusion of the heart showed this to be entirely possible. Consti’iction of the 
unresponsive heart likeuuse produced this phenomenon. In addition it is shoivn 
that the T Avave corresponds in time to the increase in pressure in the left ven- 
tricle. These observations suggest that contraction of the heart with its resultant 
streaming potentials is responsible for the T Avave in the electrocardiogram. 
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CLINICAL CHEMISTRY 


THE SIGNIFICANCE OF THE UinXAKY A.M.MONIA* 


A, P. Bnioc.s, Aix'iUSta, Ga. 


C OA^SIOGHAELE cviileiu'O lins ;ic<‘unuil:it('(l wliicli iiuliifalf.s tliat it may l)u 
nofcssary to ai)aiKloii oiu* of our most tiiim-lu)noreil roiu'ei'ls; llir 
that seerotion of anunoiiia l)y tlie kklnoys sorvo.s in some way to jnaintaiji the 
aoid-base Ijalanoe of liody (luids. Indeed, there is reason for .susi)ectin,!i that it 
has been earried aion^ for a "ood many years l)y a l•OInI)ination of inertia and 
comjilaeeney. 

The first note of dissension eame in 1032 when it was observed that the 
acidosis of nephritis was not necessarily of the base deficit ty]>e, although the 
capacity for production of aniinonia in this slate was definitely subnormal. 
It was pointed out then that all obsen-ved facts relating to the secretion of 
ammonia were consistent with the hypothesis that ammonia ])roduetion simply 
operates as a local ])rotective meclianisin to prevent e.xcessive tubular acidif.v 
Subseciuently a number of special instances were obs(!rvod in which the 
activity in production of ammonia was not lliat to lx? e.\pccted from the con- 
ventional theory bxit more in accord the dissetitei's' viewpoint. 

This evidence will be reviewed brielly in the followinir sections mid certain 
evidence provided by recent developments in the field of renal physiology will 
be presented. 

CnUClAr, KXI’KKIM KNT.S 


It sliould be obvious that the classical concept is based on (fircumstantial 
evidence which is perfectly compatible with either view, and that the whole ques- 
tion apiiears, superficially, to be merely a matter of words. Increased jiroduction 
of anunonia wa.s observed to accomjiany increased excretion of acid, administered 
or metabolic. The ammonia wa.s jircviously thought to be foiancd from neutral 
urea by the liver and perhaps by other tissues; secretion of a part of such acid 
in the form of ammonium salt was assumed to spare fixed alkali of the blood 
plasma. This assumption was entirely justified uj) to the time of the publication 
of the work of Nash and Benedict,' which indicated the kidney to be the organ 
of ammonia production. But the assumption, which has generally been made 
since then, that substitution of ammonia is part of the mechanism through 
which fixed ba.se is reabsorbed from the glomerular fluid, and that it responds 
to requ irements of the body for conservation of fixed base, is entirely gratui- 
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tous— it is just as easy to suppose that production of ammonia by the tubules 
follmvs the reabsorption of fixed base as a result of irritation from rejected 
acid in the tubular fluid. 

Since the acid-base balance of the blood and urine each deviates from 
the normal in the same direction, in most clinical and experimental states, it is 
impossible to tell from studies of such states whether fluctuations of ammonia 
are followins changes in the plasma or renal tubules. There are a^ ailable, 
however, a few studies in whicli the acid-base balance of the urine fluctuates 
in a direction opposite to that of the plasma. Such studies give crueial 
evidence. 

F.XPERI1IEXTS UUTH SODIUM SALTS OF LOW THRESHOLD ACIDS 

Hendrix and Sanders,^ extending an experiment of Cashny,’ observed 
that an acid urine may be formed following the admini.stration of dibasic 
sodium phosphate or sodium hippuratc, because the low threshold acids are not 
so actively reabsorbed by the renal tubules as is sodium. They also observed 
that production of ammonia was increased under these conditions in spite of 
the fact that the blood was “undoubtedly more alkaline.” In my own studies 
with the sodium salt of another low threshold acid, .sulfuric, similar changes 
were observed; the results were clear-cut following subcutaneous injection 
in the dog.^ 

The fluctuations of ammonia in these experiments, it should be observed, 
were parallel to the acid-base changes in the urine and were opposite to those 
of the plasma. They show clearly that production of urinaiy ammonia is not 
determined by the needs of the bod}'- for conservation of fixed base, for in each 
ease the body was burdened with an excess of sodium. They strongly suggest 
that it is the acidity of the fluid flowing through the tubules which determines 
the level of ammonia production. 

EXPERIJIEXTS WITH POTAasiUM CHI.ORIDE 

Potassium chloride is a neutral salt which makes the urine alkaline for 
the reason that potassium, a low threshold ba.se, is excreted much more rapidly 
than chloride. Consequently, the residual chloride which is left within the 
body causes an acid-base shift in the direction of acidity, similar to that which 
follows the administration of calcium chloride or hydrochloric acid. 

Experiments ivith potassium chloride, administered orally or subcuta- 
ncoasly, have shown ammonia production to be immediately suppressed.-' They 
make it clear that an excess of acid within the body is not an adequate stimulus 
for ammonia production. Again there is the suggestion that the acidity of 
the fluid flowing through the tubules is the determining factor. 


the IXPLUEXCE OF DIURHSIS OX WASTE OF FI.XED BASF. AXD OX AJIMOXIA PRODUCTIOX 

The diuresis caused by drinking distilled water or by intravenous infusion 
of solutions of neutral substances, such as urea, results in the urinarr waste of 
sodium i)icarbonate. Presumably the rapid rate of flow throunh the tubules 
handicaps the mechanism of reahsorption of this vital plasma "alkali In the 
diuresis studies of Hendrix and Calviir- tl.e plasma hicarhonate was' lowered 
hy as much as 1.-, per cent. But the ammonia meclmnism fails to rcsi.ond to the 
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l)ase-deficit typo of acidosis so produced,'’ ’ ns it ccriaitily sliould it it followed 
needs of tlie body for coiiservalio!i of fixed bas(;. Tliis tailiiro is in perfect 
liarniony witli the view wliicli relates sliimdalion of aninionin j)ro(liiclion to 
increased tubular acidity. Sucii a diuresis does not ])roduec an Jicid urine. 

THK rONSiatVATIO.V OI' ri.XKD DA.SK IN Nia’IIHITIS 

Tliere lias been some confusion and conlrovcr.sy concernintr the intliiciice 
of nepbrilis on tbo renal meclianisin for con.scrvinii fixed ba.se. It is true tliat 
the capacity for production of aininonia is impaired rvitli Ibe dc.struetion 
of man}' nephrons, and in such cases there is, occasionally, some evidence of 
base waste or depletion. The confusion is chiell\' due to the obli'ration usuall} 
felt for incriminal in" the deficient ammonia mechanism as a causative factor— 
almost always it is imssiblc to point to .some other factor which miiiht ,iust as well 
be res])onsible. 

Low levels of plasma fixed base arc frec|Uontly encountered with flic onset 
of uremia in nephritis, but vomitinji is also frepucnl at this .sfaiic and is a very 
potent cause for such low levels. In a sch'cfed "roup of jiatient.s' who had ad- 
vanced nephritis but wlio were not vomit in", Ibe iilasma fixed base values fell 
between 14b and ]b2 milliepuivalonts per liter; normal values with the same 
(eehniciuo fell between 14S and fbb. This sliirht difi'erence, while hardly sig- 
nificant, might well be a diuresis effect. These jiafients had a pol.vuria ami 
relatively few surviving nephrons. C’on.seipiently the rapid rate of tubular 
flow should have offered .some handicap to tubular reabsorption. 

If depressed levels of plasma fixed ba.sc result from the ('xcrofion of acid 
which would normally be can-ied ofl‘ by ammonia, then prolonged administra- 
tion of aeid .should have a very pronounced effect in lowering these levels iu 
nephritis. Such, however, is not the case. In the studies of Linder," Samblc, 
Blackfan, and Hamilton,"' as well as that of my own," there was no significant 
change in the level of plasma fixed base, in eitho' normal or nephritic suldcct.s 
as a rc.sult of heavy dosage of acid. This is one of the most important observa- 
tions relating to the riuestion of ba.se Ava.sto in nephriti.s. 

In certain instances an excc.s.sivc amount of fixed base has been found 
to be excreted into the urine of nephritic pjdients as a result, of acid adminis- 
tration. The urinary excretion of the A'arious acids and bases was determined 
iu each of the above-mentioned studies of acid ingestion. Gamble and eo-worlicrs 
observed that excretion of extra fixed base by their nei)hritic patient was 
excessive in comparison Avith their normal controls. IIoAvever, this Avas a jiatient 
AA-ith an edematous type of nephritis, and so the significance is uncertain — 
deliA'cry of edema fluid from any cau.se should result in the elimination of 
extra fixed base. Linder’s study gaA'c complete results on tAA'o nephritic sub,iccts 
Avithout edema. One excreted an exccssiA'e amount of fixed base, Avhilc the 
other did not. In my oAvn .study one of three nephritic sub,ieets excreted an 
excessive quantity of fixed ba.sc, but this AA-as accompanied. b.A- a conspicuous 
diuresis — tAventy-four-hour urine volumes gi'catcr than 3,000 e.c. 

The eAudence for impaired eonseiwation of fixed base in nephritis is ecr- 
tainlj’- inconclusiAm, and the incrimination of the defective ammonia mechanism 
for such evidence as is aA'ailable seems quite unnecessary. 
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THE EVIDENCE OF RECENT DEVELOPMENTS IN RENAL PHYSIOLOGY 

The results of much critical study^* tend to support the essentials of the 
“modern theory of urine formation,” as elaborated by Gushny- The glomeiular 
fluid seems to be a true filtrate which is formed, in an adult, at the rate of 
about 120 e.e. per minute. It also appears that the resultant fluid formed by 
reabsoi’ption in the various compartments of the tubule sj'stem must be of 
fairly constant composition, espeeialh* .so in regard to the constituents of the 
basic elements; otherudse the levels of these constituents in the pla.sma would 
not he maintained udthin their observed narrow ranges. The tubules do, 
however, secrete a few substances. Perhaps the mo.st important of these is 
ammonia, the secretion of which in the amphibian tubule has lately been re- 
ported by Walker.^- 

QUANTITATH'E RELATION.S BETWEEN SECRETION OF AMMONLV AND RE.ABSORPTION 

OF FIXED BASE 

The notion that secretion of ammonia is necessary for reabsorption of 
fixed base probably rests on the failiue to bear in mind the quantitative 
relations of the two processes. AYith glomerular filtration at the rate of 
approximately 120 c.c. per minute, and with a fixed base concentration of about 
150 meq. per liter, something like 1,080 meq. per hour of fixed base is filtered. 
Consequently, with the urinary excretion of fixed base at levels varjung from 
2 to 20 meq. per hour, the magnitude of fixed base reabsorption is seen to be at 
the enormous level of more than 1,000 meii. per hour. Under ordinary condi- 
tions the output of ammonia amounts to something less than 3 meq. per hour. 
It is, therefore, perfectly clear, when the magnitudes of these two proee.sses 
are contrasted, that reabsorption of fixed base does not depend on substitution 
of ammonia. The highest levels of ammonia production, such as those observed 
in diabetic acidosis, are of the order of 25 meq. per hour, and so even these 
are hopelessly inadequate in accounting for fixed base reabsorption. The com- 
parison is somewhat improved by making an additional a.ssumption, which 
would bestow on the renal epithelium the capacity for differentiating between 
the base opposed by bicarbonate and the base opposed by chloride and other 
strong acid; ammonia to be substituted only for base opposed by bicarbonate. 
But this fraction of the total fixed base amounts to nearly 200 meq. per hour, 
whicli is again far greater than the maximum observed levels of ammonia 
production. 

WORK ON THE 1S0L.\TED NEl'HRON OP .\.:MPHIBIA 

This work has been done on material aspirated directly from various levels 
of the tubule. In the proximal tubule there is no secretion of ammonia,’- 
but glocoso is reabsorbed and presumably along with it a considerable amount 
of water and salt.’’ The fixed base of this salt is therefore reabsorbed uithout 
substitution of ammonia. Actually ammonia was not found to appear before 
the distal lialf of the distal convoluted tubule, but chloride was activelv re- 
absorbed by the fii-st part of the di.stal tubule, and without change in pH ” 
•so it must have been accompanied by an equivalent quantitv of\xed ha.se 
benbsori)tion of additional fixed base is thus accomplished without substitution 
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Aeidificniioii of tlio urine wiis ol)S(‘i've<l lo occur in a narrow xoJic noar 
the middle of the distal tubule. The proce.ss of acidification was thought to 
depend on reabsoi’ption of base i)icarbonate. Since it was at this zone of 
acidification that secretion of ammonia was found lo be initiated by 'Walker” 
it is of great interest to siieeulate on the relation of the two processes. It Is 
evident that ammoni.i is not substituted f<ir all the base bicarbonate reabsorbed 
in this zone, for if so there would be no aeitlitiealion. The manner in wliicb 
ammonia is usually thought to operate is by interaelictn with salts of the 
glomerular fluid according to the reversible c(piilibrium : 

Nil JK’O... ^ BAc Nil, Ac = BIICO., 

According lo this scheme, base bicarbonate would be I'cabsorbed ami the acid 
radical would be carried off into the urine as ammonium .salt.” But annnonia 
has been observed to be secreted only in the jua'sence of acid.'" Conscsinently, 
such a reversible etjuilibrium could never get anywhere in either direction 
because of the vigorous interaction of ammonia with acid, already liberated 
according to the scheme: 

NIT,lT('0..i lIAc — Nil, Ac h ILCO^ 

This reaction would very rajjidly be carried to comjiletion because of the 
slightly dissociated character of IIA.’B,. 

Since ammonia reacts with acid which results from rcabsorption of base 
bicarbonate, it might be .said that the arrival of ammonia, unfortunately, n't 
loo late for the re.scue. The simultaneous ;ip])earanee of ammonia and acid 
formation is. to say the least, suggestive that secretion of ammonia oi)eratc.s 
as a local protective mechanism to prevent excessive acidity. 

.STruins or tuk mam.m.m.ian NKi’iiiio.s' 

Preliminary reports from two .separate Ial)oratoric.s''" each indicate 
that reabsorption of 1)icarl)onatc, timt is acid i>roduction, may occur in tlic 
proximal tubule of the mammalian nephron. If this is true, it means there can 
only be a limited field of action for intercbniigc of ions between ammonium 
bicarbonate and salts of the glomerular filtrate — even if secretion of ammonia 
should be found to occur at a level above the zone of acidification. If, as m 
Amphibia, secretion of ammonia is initiated at tlic zone of acidification, then 
the interpretation nnll lie that indicated above; tlic classical concept relating 
secretion of ammonia to conservation of fixed base will liave to be radically 
reidsed. 

SUMMARY AND CONCLUSIONS 

Crucial experiments sliow that ammonia production can, at will, be made 
to fluctuate in a direction opposite to that of any given acid-base change m 
the bodjL In all such experiments ammonia ]n'oductlon fluctuates in the same 
direction as the acid-base cliange of the urine. 

With advanced nephritis, in spite of curtailed production of ammonia, 
there is no clear-cut evidence of imiiaircd conservation of fixed base. The evi- 
dence ■which is available does not necessarily incriminate the ammonia mechan- 
ism. Other factoi’S, such as vomiting or diuresis, are usuall.y present in in- 
stances of defective base conservation. 
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Examination of fluid taken from various levels of the amphiliian. nephron 
reveals that secretion of ammonia follows reabsorption of fixed base; and that 
ammonia is only secreted in the presence of acid, ^s'hich precludes an inter- 
change of ions in the reversible equilibrium usually assumed to be involved in 
the substitution of ammonia for fixed base. 

It, therefore, seems improbable that the renal ammonia mechanism has 
anything to do with the regulation of the acid-base balance of the body. The 
endenee at hand appears to be more consistent with the hypothesis that 
secretion of ammonia is stimulated liy, and serves to neutralize, the acid 
residue left in the tubules by reabsorption of the alkaline threshold moiety. 
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T ER dysiuiu'tion liiis boi'ii jvj )()!•( o<l nssociiitcM] \vith n varioly of chroTiic or 
■* — * reeurrent {•oiiditions; o.<r.^ allcriry,''* “rliL'nmali.sin” and arUiritis,''” j)ei)tie 
ulcer,’- glaucoma,''’' Parkinsonism,^ thyrotoxicosis,’*' '• rheumatic fever, va- 
rious infections and hactcrial intoxication.*' liccause of tlie.sc reports 

liver function .studies were made on a group of jiatienls with low-grade chronic 
illness prohahly secondary to chronic infection. 


The clinical condition, sedimentation rate, and nontilament-filanicnt ra- 
tio, -*■ -•' incidenec ol i)rohahl(! jiathogenic .slre])tocoeei and staphylococci*'’ and 
dislrihution of mctaholic rates-' of this group have heen re])orted. One lunidred 
and twelve amhulant jiatients, varying in age from If) to S2. were included. 
They were classified according to age, .se.x and the severity of ohjcctivc .symptoms. 

In the choice ol a method for determining liver function the hrom.suli)h!ilein 
test was considered lavorahly, since it could he performed in an ofiicc on 
ambulant patients, it did not consume much of the patient’s time, and it was 
considered by many to be the most generally satisfactory test in the absence 
of jaundice.-®-^' However, while some’’'-' felt that the usual bromsuliihalein 
test M'as very sensitive and would indicate early, and pei'haps even temporary 
li^er disfunction, others'’''*'"' lelt that it was ncce.ssary to devise an even more 
delicate test for use in mild cases. JIacdonald,'’’"’ who studied this ciuestion 
intcnsi%eh, pointed out that becau.se of the great liver reserve a normal result 
■\\itli the usual bromsulphalein test did not indicate an absence of hepatic 
damage, although an abnormal retention almost definitely meant a diseased 
li^er. Studying liver reserve in the search for ji test which would detect minor 
grades of impairment, he dcveloj)ed a technique by means of which the blood 
could be examined at two-minutc intervals following the injection of brom- 
sulphalein. With this method he olrservcd that the rate of bromsulphalein 
removal from the blood of normal pensons followed a definite curve, and that 
disease of the liver prodirccd not only a retention of bromsulphalein beyorrd 
the usual test period, but also a change in the t.y|re of curve. As a resrrlt of 
his observations ilacdonald concluded that a quantity of bromsulphalein 
equi-s’alent to 5 mg. per kilogram of body weight was neeessar'y to test frrlly 
the liver reserve, that the normal undamaged liver would completely free the 
blood of this quantity of bromsulphalein in twenty-five minutes, and that the 
maximum information about liver function worrld only be obtairred if the blood 
level o f bromsulphalein were determined every five nriirutes. In a recent 
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evaluation of liver fiuiction tests jMateer and his colleagues"® found Macdonald s 
serial hromsulphalein test sensitive and reliable, even though the 2 mg. per 
kilogram dose vras mainly used. Suggestions for fractional tests of liver 
function have also been made by lYhite, Deutsch, and iladdock,’® and by 
lleutseh.^® 

Table I 


Statistical Analysis or Bromsulphallin Betention Distkibcted According to Sex, Age, 
Severity of SviiPTOiis and Sediment.ation Bate 


OROtTP 

KO. 


itEAX 


S.E. 


% 5-20 

% 204- 

All patients 

ii2 

0-90 

18.93 


1.63 

14.3 

56.3 

29.3 

Sex 









Male 

45 

0-70 

19.33 


2.45 

15.6 

51.1 

•J’J.O 

Bemale 

67 

0-90 

1S.C6 


2.18 

13.4 

59.7 

26.9 

Age 

Tip to 20 

9 

0-60 

18.33 


5.84 

11.1 


22.2 

21-40 

27 

0-.50 

12.78 


2.4 

25.9 

52.0 

22.1 

41-60 

49 

0-90 

17.96 

± 

2.54 

12.2 

65.4 

22.4 

61-1 

27 

0-70 

27.04 

± 

3.4 

7.4 

40.8 

51.8 

Symptoms 








6.2 

Mild 

4S 

0-30 

10.0 


1.19 

22.9 

70.9 

Moderate 

47 

0-.60 

18.94 


1.83 

10.6 

53.2 

36.2 

Severe 

17 

5-90 

44.71 

H 

5.25 

0.0 

23.5 

76.5 

Sedimentation, rate in mm. 
(IVestergren) 




■ 





1-10 

59 

0-50 

14.75 


1.71 

20.4 

57.5 

22.1 

11-20 

28 

0-90 

20.71 

i 

3.89 

10.7 

57.1 

3i.2 

21-30 

13 

0-60 

22.31 

± 

4.68 


53.9 

38.4 

31-i- 

8 

5-70 

32.50 

-1 

7.39 

HI 

3 / .0 

62.5 


= Number o£ patients in group. P.ange = range of hromsulphalein retention in 
units. S.E. =_ Standard error. % o = per cent ot patient-s in group -n-lth no brom.sulphalein 
retention. % 3-20 = per cent with 3 to 20 units retention. % 20 + = per cent with more than 
20 units retention. 


In the present study iMacdonaldB normal criterion of complete elimina- 
tion in ttventy-five minutes of a dose of hromsulphalein equal to 5 mg. per 
kilogi-am body iveight tvas adopted. The estimated quantity of bromsulphalein 
solution diluted with an equal ciuantity of physiologic salt solution was slowly 
injected trith a No. 26 gauge needle. For simplicity usually only a single 
specimen of blood was withdrawn twenty-five minutes later. The use of larger 
needles and of full strength iirom-sulphalcin .solution in early tests was occa- 
sionally followed by tiirombojihlebitis, Avhich in one instance was moderately 
severe and resulted in several days’ incapacitation. 


bf.sclts 

A statistical analysis of the results of the hromsulphalein tc.sts is presented 
in Table I. Of tlic 112 patients only 16 showed no retention of hromsulphalein 
at the end of twenty-five minutes. If the blood had been examined at five-minute 
intervals tlirouidiout the test period, it is probable that even some of these 
would have shown abnormal curves.'” Somewhat more than half of the total 
number showed hromsulphalein retention of from .o to 20 units. The remaining 
patients showed hiirhcr degrees of retention, the highest being 00 units. Tlie 
moan value for the entire group was 18.0. The frequency dLstrilnition of the 
tests is illustrated in Fig. 1. 
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Tin: jouiJNAi, or i-ahouatoky and (UAMOAt, modicint: 


Wlioii the observations were distributed aecordiiitf to s(!\', very little dif- 
ference was found, the mean broinsulplinlein retention being 19.3 units for 
males and 18.7 units for females (Fig. 2). When the observations were dis- 
tributed according to age, greater differences were noted (h'ig. 2). The mean 
bromsulphalcin retention in units for jiatients up to 20 was 18.3; 21 to 40, 12.8; 
41 to GO, 17.0; and G1 and over, 27.0. The mean rates for patients 21 to 40, 
and for those Gl and over. varie<l significantly from the mean of the entire 
group. 


20 



Fig'. 1. — Frequency distribution of lu-oni.-iulpluilcln retention In 312 i):itlents wltli low-grade 

chronic nine.'.'.'*. 


When the observations were distributed according to the severity of .s.vmp- 
toms (Pig. 3), grcjiter differences appeared. The me;in bromsulphalcin reten- 
tion in patients with mild symptoms was 10 units; in [uitients with moderately 
severe sym])toms. 1S.9 units; and in i>atients with severe .symjitoms, 44.7 units. 
Of the patients with mild syiniitoms 22.0 ])cr cent showed no retention of 
bromsulphalcin and only G.2 per cent showed retention of more tlmn 20 units. 
Of those with severe symiitoms all showed some retention and 7G.5 per cent 
showed retention of moi'e than 20 units. 

Since it has been suggested that there may be a relation between liver 
function and the sedimentation nitc of crythroc.vtes,'" the bromsulphalcin reten- 
tion and the sedimentation rate (Westergren) wore compared (Fig. 4). The 
mean bromsulphalcin i-e1ention for iiaticnts with sedimentation rates, ranging 
from 1 to 10 mm., was 14.7ri units; 11 to 20 mm.. 20.7 units; 21 to 30 mni., 
22.3 units; and over 30 mm., 32.5 units. Yet, while in general higher sedimen- 
tation rates were associated with higlier degrees of bromsulphalcin i-cfention, 
the association was far fi-om complete. For example, in patients with sedi- 
mentation rates up to 10 mm. the degree of bromsulphalein retention varied 
from 0 to 50 units, and in those with sedimentation rates of 31 mm. or higher 
it varied from 5 to 70 units. The lack of a definite linear relation between 
sedimentation rate and bromsulphalein retention is illustrated by the scatter 
diagram in Pig. 5. 
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The differences between the mean bromsulphaleiii retention rates of pa- 
tients with mild, moderately severe, and severe symptoms were all statistically 
significant, as were also the variations in relation to changes in sedimentation 
rate. 



0 20 « eo ao too 


BROMSULPHALEIN RETENTION 

Fig. 2. — ^Bromsulphalein retention distributed according to sex and age. 
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BROMSULPHALEIN RETENTION ^ 

ViR. J—nron.sulpl.al. ln retention di.nributed according to .severity of general .«n,-mptom.-=. 
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TIIK .JOCItXAli or I.AHOKATOltY AN'I> CI-lNK^Al- MKDlCINi; 


(•OMMKNT 

The high iiU'idoiK'O of impaired liver fuiielion in persons wilh elironio ill- 
ness should nol eause surprise if file reporls ol earlier writers are rcrallod. 
Kehfuss" has staled that hiliary traet distnrhanee is probably present in one 
Jialf of all persons jiast the age of 40. Mael^agan and Ifundle'' staled that of 
41 jiatients with hyperthyroidism, .‘10 showed definite impairment of hepatic 
function and the remaining 11 were border line. Shaffer,”’ in examining the 
livers of iiersous who died aeeidental deaths, found that HI of aO showed fatly 
infiltration, and 11 of at) showed ehronie localized interNtitial hejiatilis. Kosen- 
berg^^ used the ('ephalin-eholeslm-ol lloeeidation lest in studying a group of liia 
persons of whom SH had clinical evideiieo of liver disease, fie found liver im- 
pairment in practically all of those with clinical liver disease and in 4H of 



o 



JO «0 to to ICO 


B ROMSUL PHALEIN RETE NTI ON "h 

i^ig. *1. — Frequency distribution of bromsulpimlein retention In relntion to sedimentntion rate- 

the 72 in whom hepatic di.sea.se was not suspected. lie concluded that mild 
and subelinieal disease of the liver occurs more fi’ociuently than is generally 
appreciated, and unle.ss siiccifically .sought may elude recognition. Apparentl.V 
liver distui’bance is frequent even in early life, .si7iec Londe and Probstcin'*'’ 
found evidence of disturbed liver function in two children whose only depart lU'C 
from health had been recent upper rc-spiratory infections, and in 9 of 13 chil- 
dren with histories of repeated colds. These findings are consistent with the 
observations made in the present study, where S of 9 childi’en and adolescents 
showed some degree of bromsulphalein retention. 

While the variations in bromsulphalein retention in relation to age are 
statistically significant, their actual significance is somewhat impaired by the 
high proportion of patients with mild symptoms in the age group 21 to 40, and 
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the high proportion with severe symptoms in the age group 61 and over. It 
may he significant that in the series of studies which have been made on pa- 
tients with low-grade chronic illness,-^- the gi’oup from 21 to 30 years of 
age showed fewer deviations fi'oni the normal than did anj otliei gioup. 

The variations in bromsnlphalein retention in relation to severity of symp- 
toms also are consistent with the observations made in other studies of low- 
grade chronic illness. Patients with mild sj-mptoms showed the least deviation 
from noimal in the sedimentation rate,-^ the nonfilament-filament ratio,-^ the 
incidence of pathogenic streptococci,'® and in the basal metabolic rate;" and 
persons with sevei’e symptoms showed the greatest deviation from normal in all 
of these tests. Rawls, IVeiss, and Collins® noted that liver dysfunction occurred 
with greater frequency in patients with severe tlian in those with mild rlieuma- 
toid arthritis. 



Fjg. 5. — Relation of bromsulphalein retention (units) and sedimentation rate (mm- in one hour, 

'VVestergren) in individual patients. 


lYliile patients with high sedimentation rates had significantly greater 
brom-sulphalcin retention than did those with low sedimentation rates, it is pos- 
sible that abnormal results witli both tests are related more to the severity of 
illness tlian to each other. In view of the high degree of bromsulphalein reten- 
tion occasionally associated with a practically normal sedimentation rate, and 
the high sedimentation rates associated with little bromsulphalein retention, 
there docs not seem to be a direct relation between the two tests. It is possible, 
of course, that some other test of liver function might give results more ncarlv 
parallel to the sedimentation rate. It seems move probable, however, that as 
Wintrobe’® has said of the sedimentation rate, neither the sedimentation rate 
nor the bromsulphalein retention should be regarded as a precise, (luantitative 
measurement, but should be accepted as a general indication of somatic or 
hcjiatic disturbance. 
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TIIK .JOUKXAL 01' OAllOIJA'mifV AND OMNIOAI, MKDICINi: 


StJ.MMAKV 

Studies ol! broinsul])ii!ileiii retention wen? nnide on 112 patients willi low- 
grade clironie illness, using a dose of fj ing. per kilogram of body wciglit. 

On the basis of i\Iaedonal(rs ei'iterion of normal (?xeretion all but 16 showed 
evidence of liver dysfunction. Of the !)6 with dysfiinetion .‘13 showed more 
than 20 units retention of brom.sulpbalein. 

The mean bromsulpbalein retention of males differed little from that of 
female.s. The mean retention of patients aired 21 to -10 years was less than 
the general average and that of patients over 60 was greatei', but the actual 
significance is uncertain. 

When the mean bi'omsulphalein retention of patients with mild general 
symptoms was comimred with the mean retention of patients with moderately 
severe and severe .symptoms, statistically significant diAerences were found, the 
re.spective values being 10.0, IS.f) and -14.7 unit.s. 

While patients with high .sedimentation rates tended to have a high degree 
of bromsuljihalein retention, there were a number with high rales who had 
little retention, and a number with low rates who bad considerable retention. 


coNcr.u.sioNs 

Impairment of liver function is found in a considerable jirojiortion of 
patients with low-grade chronic illne.s.s. 

The degree of imiiairment varies directly with the .severity of symiitoin.s. 
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SOLUBli.ITV AND pll DATA OF SOME OI-' TIFF COMMONLY USED 

SlJLI-'ONA^riDlvS^ 


MYi-j.ia.a! 0. Cj.akk, Pm.D.. Eun'cst A. Htuakosch, ]\!.D., and 
Nathan 1. Lkvitan, M.S.. Minni’-adoias, Mins. 


W HILE workiiis; in the fielfl of the local a])pli('alioii of .siilfoiuimiflos to in- 
feelioiis, we frequently needed solubility and pH data of tlie .sulfonninklf'S. 
A search of the literature has failed to reveal a source of eolleeted data on these 
])hysical projierties of the more comnionl.v jised .sulfojiainides. The data wliicli 
exist are very scattered and fiasjuently ajqiear in ])apei's which are abstvactcA 
in such a way as to disiruise tiie fact that .such data do .'ip})ear in the i)aj)t‘rs. 
Jloreover, some data arc lacldni: in the literature we have been able to examine, 
including brochures and ]nimphlets of various commercial firms. 

Hence it was thought that if lhc.se data were made available in collected 
form in a single table, it would prove extremely useful to workers in the field-s 
of chemotherapy, particularly at the present tim(>. For this rea.son, we have 
determined the solubilities of the commonly used sulfonamides and their sodium 
salts at room Icmiierature and at body temja-rature in water and in humnn 
scrum. In addition, wc have determined the pH values of the saturated aqueous 
solutions, since this information is also lacking in many iji.stanees. 

kxi*i:i!Imi;ntai- 

A small tinted glass container containing exce.ss sulfonamide in carbon 
dioxide-free distilled water or in serum, was shaken in a water bath thermo- 
statically controlled to within 0.1° C. for twenty-four hours. Tlic saturated 
solution was then filtered by asi)iration through a washed and dried asbestos filter 
stick into a weighed weighing bottle. The entire a])pnratus was kept at the 
temperature at whieli the compound was dissolved (2.o° C. or 37° C.). The 
amount dissolved was then determined by the method of Bratton and associates,' 
using a photoelectric colorimeter. The pll values in carbon dioxide-free distilled 
water were determined at 25° C. with a Coleman j)ll meter (glass electrode/ 
calomel electrode). The results ai'c tabulated in Table I, along with values col- 
lected from the literature by other workers. 

The large difference in solubility of sulfathiazole and sulfadiazine in water 
vex’sus serum are .striking, especially the latter. It has been pointed out by 
Roblin and others,* that blood levels exceed the solubility of sulfadiazine in watei', 
while the blood levels obtained with the other sulfonamides arc below the water 
solubilitj''. 

•Prom the Division ot Pliysiology, Deportment of Zloolojrj', anil tlic Division of Dermatoloej' 
and Syphiloloffj', University oC Minne.sota, Minneapolis. 
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Table I 


Solubility and pH Data of Some of the Commonly Used Sulfonamides 
(% = grains per 100 Gm. of the solvent) 


COilPOUND 

25° C. TEMPERATUKE 

■■HESaaERIRRatSBiRHHHi 

■WATER 

HUMAN 

SEP.U.5t 

(%) 

pH* 

REFS. 

REMARKS 

WATEP. 

(%) 

HUifAN 

SEP.UM 

(%) 

REFS. 

P.EJIAEES 

Sulfanilamide 

0.836 

0.750 

0.981 

7.15 

Li 

7 


liil 

1.970 

L 

4 





Sulfathiazole 


0.234 


L 

9 

At 26° C. 

B 

0.330 

L 

10 

8 

4 

At 36° C. 



BH^B 


wmm 

0.0268 

0.0280 


6.65 

1 

■ 

0.0486 

0.0495 

0.0490 

0.0.530 

0.0756 

Hi 

At 36° C. 





0.0610 

Sulfadiazine 

0.0077 

0.115 

5.75 

1 

H 

0.0127 

0.0123 

0.0120 

0.161 

0.124 


At 36° C. 

0.107** 

0.247*** 

Sodium sulfa- 
thiazole 

iSH 

mi 

9.65**** 

L 

3 

Coagulates 

serum 

60.0 


■ 

Coagulates 

serum 

Sodium sulfa- 
pyridine 

52.0 

54.0 


10.85 

L 

6 

Coagulates 

.«erurn 

80.0 


H 

Coagulates 

serum 

Sodium sulfa- 
diazine 

50.0 


9.90 

L 

Coagulates 

serum 

65.0 


L 

Coagulates 

serum 


•All pH determinations were made in carbon dioxide-free ivater solutions. 

•fL refers to our determinations. The numbers refer to those of others. 

••Horse serum. 

•••DeObrinated rabbit blood. 

••••The pH values for 0.01 molar aqueous solutions were found to be: 

Sodium sulfathiazole pH 3.20 

Sodium sultapyridine pH 10.10 

Sodium sulfadiazine pH 8.7.5 

We are at present determining similar data for the sulfonamides in other 
solvents which may he of more practical u.sc in the topical treatment of infec- 
tions. 
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FAT :\IFTAB()hl.S^I TN* ACNF VIJLGAKIS* 


EinvAKi) B. IjiAVinn, M.l).. and 1. ZrcKitMAS, M.D. 
PlIIhADKIA’IIIA. Pa. 


W HILE llie roljilion.sliip Ix'lwmi t'al inelaLoHsin and acne vulgaris has 
bvL'ii suggc.sled ])rc‘viou.sIy.' jui sludifs of lliis probletii have been made by 
metliods wliich reflcet llio slatiis of ibe fa( nietabolism in tins .sidn dFoasc. B 
lias also been iiroposcd that acne vulgaris is of endocrine origin, but up to the 
time of the present re]K)rt the investigations have been disappointing, the re.sults 
permitting no certain conclusions. ( ’linlcsterol is chemically related to the 
steroidal hormones, such as estrogens and aiulrogens, the latter having hcen 
found to cause acne when given to women in very large doses.- On the other 
hand, ehole.stcrol is intimately associated with the metabolism of fat.s. This dual 
relationship was utilized in a study of fat tolerance in acne vulgaris, herein re- 
ported, employing the blood cliolesterol as an indicator of the blood lipid con- 
tent 

MATiatlAU 

In this investigation 20 patients, 12 females and 8 malc.s, with acne vulgaris 
were studied. Their ages ranged from 11 to 29 yeai-s, the average being 19 veal’s. 
The duration of their acne varied from one month to 11 years. The .severity of 
the lesions varied from a few well-marked comedones and ]nislulc.s on the fore- 
head to extensive and active involvement of the forehead, face, shouldens, chest, 
and back. Jlost of the 12 female jiatients exhibited .some menstrual disturbances, 
mainly irregularity or amenorrhea. 

Thirteen patients without evidence of past or present acne were studied 
for comparison with the aene jiatients. Thc.se ])aticnt.s also served as controls in 
a study of fat metabolism in psoi-iasis.'’ There were S women and 5 men in the 
group, ranging in age from 20 to 65 ycar.s, the average being 41 years. The 
average age of the control group is considerably higher than that of the acne 
patients. HowcA’cr, advancing age eau.scs only very slight changes in blood 
cholesterol levels.'' 

PKOCKDUUF. 

After a twelve-hour fast a blood specimen was taken. The patient then 
drank 500 e.c. of 20 per cent cream, representing 100 Gm. of fat. Blood speci- 
mens were then obtained at intervals of one and one-half, three, four and one- 
half, six, and seven and one-half lioui’S, and the Avhole blood was examined for 
total cholesterol by the method of Bloor.® During the time of the test each 
patient Avas allowed to take an occasional sip of Avater. Most patients Avere 
ambulant but activity Avas closely restricted. 

♦From the Medical Service of Dr. I^Iitchell Bernstein and the Dermatological Service of 
Dr. A. Strauss, Jewish Hospital, Philadelphia. 

Received for publication, August 7, 19*12. 
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RESULTS 

The fasting total cholesterol levels in 20 cases of acne vulgaris vere helvTcen 
125 mg. and 275 mg. per 100 c.c. of whole blood, the mean being 173 mg. In the 
13 control cases the fasting cholesterol ranged from 123 to 250 mg. per 100 c.c., 



Fig. 1 . — Composite blood cholesterol curves following the ingestion of fat. 


the mean being 188 mg. In the acne patients the range of increases from fasting 
to the highest level of blood cholesterol was from 25 mg, to 208 mg. per 100 c.c. 
of whole blood, the mean being 83 mg. On the other hand, the control group 
showed increases above the fasting level of from 42 mg. to 198 mg., with a mean 
of 119 mg. (Table I). 


Table I 

Patiekt.s With Acxe Vulgaris 


CASE 

FASTING 

11/2 hr. 

3 HR. 

4 1/0 HR. 

0 HR. 

7 Vi hr. 

JIG. KISE 

1 

12.7 

132 

150 

192 

227 


102 

2 

125 

135 

151 

150 

147 


31 

o 

u 

132 

150 

172 

185 

178 


53 

4 

1S9 

150 

160 

lOG 

178 

208 

69 

5 

147 

100 

172 

192 

217 

178 

70 

(I 

150 

178 

208 

^ s 

238 

192 

100 

88 

7 

150 

172 

192 

200 

217 

172 

67 

s 

151 

172 

178 

185 

20s 

100 

57 

9 

100 

20s 

250 

227 

175 

100 

90 

10 

100 

192 

022 

227 

20s 

178 

07 

n 

100 

1S9 

227 

189 

172 

151 

01 

12 

100 

150 

171 

191 

100 

138 

25 

u 

100 

191 

250 

263 

227 

171 

97 

14 

100 

17S 

208 

238 

192 

100 

72 

l.t 

192 

208 

217 

227 

250 

20s 

58 

ir, 

17 

20S 

20.S 


250 

312 

203 

410 

238 

208 

1.92 

178 

55 

ong 

IS 

19 

120 

227 

250 

275 

■B 


333 

453 

227 

250 

357 

1S4 

192 

3m 

loii 

ioG 

205 

82 

Data 

lor control patient!* have been presented in an earlier publication.* 
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Tin; .louKNAn or lauokatouy and cmnicai, mkdicini; 


Examiniition oi' tlic (•iirves ol’ llio inean.s of llio Iwo frroiijxs doos not reve;il 
a significant difforence iiotwcen them in fat tolc'rancc, all jioints of tlic composite 
curves of both groups being within accepted normal limits. The marked simi- 
larity beteveen the acne and the nonacne patients is further emphasized by 
statistical examination of the figures. The a])i)iieation of the I te.st to (ho faslins; 
levels of blood cholesterol gives a value of O.fi. 'J’lu! value of I for the l>oak levels 
of the two groups is 0.(5. I'or groujis of the .size studied in this rejiort t sluniW 
have a value of 2.04 or greater to be considered signifiirant. It is worthy of note 
that Strickler and Adams” were also unable* to demonstrate any deimrture from 
normal in the fasting blood cholesterol levels of acne ])atien(.s. 


CONCI.f.SIO.VS 

A study of the fat tolerance, as indicated by blood {•hole.sterol changes fol- 
lowing the inge.stion of fat. of a grou]) of 20 patients with acne vulgaris fails 
to reveal any difi’erence from a group of jmtients without acne vulgaris. 

Pr. K. P. Eunllck. of the 1 TnlVi-r.'iUy nf rcnniylv.-inlii. iissl(<ti-il In tin- stntlstlciil rovlmv of 
our rosull.o. 

Pr. O. K. Holm. Jr.. Ix-rmlUi il u< to .•itmlv .‘-cv.'inl of lit.-* n'n''nt.i In tin- Pi-nii.'itol<’Pi'^' 
Service nt Fninkford Ho.-ipltnl. 
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LABORATORY METHODS 


QENERAL 


A ilODIFICATION OP THE KAHN TEST FOB USE WITH 
HE5IOLYZBD BLOOD® 


H, J. La.\vtje:r, Sc.D., St, Lotus, ilo. 


I N LABORATOEIES which pcrfonn diagnostic tests for syphilis, one diffi- 
culty is that presented by blood specimen that has undergone so much 
hemolysis that precipitation tests cannot he read. The physician is usually 
notified that the specimen is not suitable for diagnostic test, and he is asked to 
send another sample of blood. There is inconvenience to both physician and 
patient. 

Some idea as to the frequency of such hemolyzed specimens may be gained 
from the following tabulation of the last two years’ experience of the St. Louis 
City Bacteriological Laboratory', where Kahn tests are perforaaed on blood 
specimens collected by messenger from various points throughout the city each 
evening and tested the day after the blood is drawn. 

1940 1941 

Total number of Kalin tests run 55,518 74,918 

Kumber licmolyzed 34.3 GS9 

Percentage hemolyzedf 59 91 

The sharp increase in the number of hemolyzed specimens in the latter 
year is probably related to the fact that many of the specimens submitted in 
connection with the selective service physical examinations were drami by 
physicians who had previously had relatively little experience with the sub- 
mission of specimens to the municipal laboratory. Those physicians who send 
them in frerpiently arc apparently more aware of the precautions which aid in 
the prevention of hemolysis. 

When the percentages of hemolyzed specimens received by the laboratoi-y 
are graphically represented in relation to the months of the year, as in Pig. 3. 
it is apparent that the problem is accentuated during the summer months. 
This was particularly true during 1941, when approximately four such speci- 
mens were received l)y the laboratory each working day from ilay through 
September. 
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TflK .lOUKNAL or I.AIiOKATOHV AND CMXICAL MKDICINK 


Tlie best solution of tlic problem woiibl b(! tin; prevention of hemolysis, 
and nuieh of it can be j)revented by remindin'^ the physician of the simple 
precautionary measures : 

a. Use of a dry syriime and a fairly ]arp:c necdbs 

b. rcrmit the blood to flow into (hesyrin"e, with a miniimim of nega- 
tive pre.ssui'o. 

c. Eemove the needle from the syrimge before tjniihj emptying the 
syringe. 

d. If feasible, place the specimen in a refrigerator, esjtceially if there 
may be delay in getting it to Ibo laboratory. 

If, however, hemolyzed .specimens arc sent in, then the Ijiboratory might 
well make use of them if ;ide({unte modification of existing methods is made 
available to assure tiie reliability of sucii tesl.s. Any satisfactory' metliocl should 
remove the hemoglobin, should give the .s;im(> results that would have been 
obtained with clear serum from the .same source, and .should be adapted to the 
equipment and .skills of the usual public hc;iUb laboi'atory. 

The particular method de.scribed herein is e.ssentialh' a modification of the 
usual Kahn test for spinal fluid. The serum is fliluled with a relatively large 
volume of ammonhun sulfate solution to “salt" out the glohulin: this is centri- 
fuged to a minimum volume. The suiiernatant solution, containing most of the 
hemoglobin of the original specimen, is poured off. the globulin is rodlssolved, and 
a slightly modified Kahn test is performed on liie gloiuilin .solution. 

M.\'n;itiAi.s AND .MirnioDs 

Syphilitic sera for testing the cllicicney of the ))ro))oscd method were ob- 
tained from the St. Louis t’ity Bacteriological Laboratory. Only weakly ]>osi- 
tive and negative sera were used, for it was found that strongly positive sera 
gave uniformly jiositivc te.st.s even witli Ic.ss adprinatc modifications of the method 
and, therefore, could not bo used in eomj>arativc evaluations. '‘Hemolyzed 
specimens’' were prepared from Hio.se sera by the addition of “ Iiemoglohin 
solution” jn’cparcd in the following manner: Packed red blood cells from non- 
syphilitic blood were alternately frozen and thawed until hemolyzed. After 
removal of stroma by centrifugation, liie resulting serum was ad.iusted to con- 
tain 20 Gm. of liemoglobin per 100 ml., a.s determined by the cyanmelbemo- 
globin method in the Evelyn colorimeter (1‘Ivelyn and ^lalloy, 19.38), and 0.- 
ml. of this "hcmoglobulin .solution” rvas added to 0.8 ml. of .scrum of Iniown 
syphilitic titer to produce 1 ml. of a hemolyzed specimen. Thc.se proportions 
were determined by estimation that hemolysis suflieiont to oh.scnre completely 
the Kahn precipitate might add 20 per cent to the volume of the scrum. 

The Kahn tests were performed in the manner prescribed by Kahn (1928). 
They^ were read immediately after the addition of saline, and again after fifteen 
minutes; the amcimts of precipitate in the three tubes are expressed in the 
tables in this paper in ternns of plus signs. The results of the second reading 
are recorded above the results of the fii’st, if there was any change. . 

PnEPAKATION OF GDOBUUX SOLUTION 

1. The specimen is sub,iected to centrifugation to remove cells, clot frag- 
ments, etc., as in the usual preparation of serum (fifteen minutes at 
2,000 r.p.m.). 



L-VWLEU; MODIFICATIOX OF K^\.HK TEST 
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2. One milliliter of tlie supernatant fluid is pipetted off into a small round- 
bottomed test tube (the 100 by 12 mm. size is convenient), and after 
addition of 5 ml. of ammonium sulfate solution® the mixture is incu- 
bated at 56° C. for fifteen minutes. 

3. The precipitate -which is formed is separated by centrifuging at 2,000 
r.p.m. for twenty minutes. Supeimatant fluid is poured off, and the 
tube containing the precipitate is inveiled over absorbent paper to 
remove as much of the salt solution as is convenient. 

4. The sediment in the tube is dissolved by the addition of 1.3 ml. of dis- 
tilled water, while stirring with a wooden applicator stick, and after 
centrifuging for five minutes at 1,500 r.p.m., the supernatant is trans- 
ferred into another tube by means of a capillary pipette. 

5. Three tube Kahn test is now set up, using 0.15 ml. of this globulin solu- 
tion (instead of seiaim) and the u.sual amounts of antigen (Kahn, 
1928) in each tube. The mixture is shaken at the rate of 275 times per 
minute for four minutes instead of three. 


Her.olyzei 



Konth 

Tip. l.~-Tho occurrence ot heniolyzofl specimens amonp those received during 1040 and 1941 
by the St. Louis Municipal Bacteriological Laboratory'. 


The reliability of tiiis procedure was te.stcd by using it with (a) “hemo- 
lyzed specimens” prepared as outlined previously, and (b) similar specimens 
were prepared by the addition of negative scrum to the sj'philitic sera in place 
of ‘ hemoglobin .solution. ” In Table I are listed the results of such tests, along 
with the results of standard Kahn tasts run simultaneously on twentv-four 
different .sera. 

In general, these comparative tests showed good agreement between tiie 
sjr^rd Kahn and the modified test with globulin .solution; the greatest varia- 


prepared bv n 

In'lhoa of mlxlnk dl.^tlUcl w.-orr. 


Gm. of *'aruilvtical re.u 
In adding: this to the 'serum, bt 


prade ammonium 
it in is an ea.'>' 
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tioii between the two in llie ease of any one .sernin was i •!. The I'caeiii-antiL'cn 
precipitates were sli<ilitly sinaller when formed from tlie ',dobulin .solution than 
wlien formed from whole .serum, allhouirh the recommended c.xtra minutes 
shaking given the antigen-globulin mixture tends to make lliis diri'erenee less 
pronounced. 

An additional observation, jxmsibly bearing on tiie evaluation of the modi- 
fied test, was made in the case of ghtbulin prepared from Icnown negative .sera; 
doubtful reactions (±) were frequent, atid one-j)lus jirecdpitates were formed 
in the middle tube in .several eases. The parlicrb’S of thesse ]M'eeii>iti\tes were 
smaller and more evenly distributed than the usual Kahn pre(;ij)itates. 

Taiim; 1 


ltK.SUl.TS OK MOmiTKl) K.MIS TK.ST ON SOl.UTln.NS OK (iUOIlUmN ( "OM r.M!K.t> VVlTlI TllK. P.KSILTS 
OK Tui: HTA.sn.suti Kaon Tr.sr o.v tiik. It.sAi.TKiam Si:i:a 


snnrM 

NO. 

r,r.oiu:r.i.v i'i:Krii'jTATKi» n:nM j 

ro.STEOI. K.UIN TK-ST 

OX osicaxAi. siXA 

(A) O.S MI.. I'OsiTivi: siaa’.M i 
0.2 MI.. ‘•iiK.Moia.oniN 
SOI.FTION ’ ■ 

(It) O.S Ml.. rosiTiVE si:eu.\i 

4 0.2 Ml.. NKC.WIVK. .SK.t'.r .M 


TUBE 1 

tube 2 

TUBE .'! 
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SB 
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TUBE 2 

tube .i 

1 

-f -r + 

4. X 4 - X 

4 4 


bwiM 

-r »' * *• 1 

7 4' * — 

i. 4 - i. 

44-^4 


0. 




■■■ 

1 

1 



2 


+ + -4 + 

4 4'^ + 

- 



± 1 

4414 

4444 


+ 







4 + 4 


3 

•f *f 

+ 4 4 4 

4 4 4 4 



44 ..^ , 

- 

->4-4 

44+4 


- 

T -f 4- 








■i 

+ 

4. X 4 ^ 

4' 4 t ‘4 



i ■ 4 

- 

44 

^ i i 4 

5 

- 

+ 

+ 

- 

4- 


- 

- 


C 1 

- 

+■ 

- 

- 

* 

+ 

- 

- 




+ -{- 






4 4 


7 

- 


4 4 + 4 


4. 

4. 4 ~ 4 , 


•r 4 4 

-‘•114 

1 








4 


s 

- 

4 4 4 

4 4 4 4 


4 4 4. 

4 4 4 ... 

- 

4 4 4 

4 4^“ 

i 





4 + 






- 

4 4 4 4 


- 

4 f 4 

r T - 

- 

4 4 4 +• 

4 + 4 4 





4 4 






10 

+ + 4- 

•f -f 4 + 


-T 4 

4 4 i 

4. - 4 

4 4 ‘ 

4444 

4444 





-J- T -4- 






11 


4. + X 4 

4 4 I - 

4 -t . -h 

4- 4 4. 4 

4- L - 

4- f 4 U 

4 4 4 4 

44+4 

12 

-1 + + + 

f 4- f 4- . 

4-^44 

t * -r 

4 4 v J- 


- r - 4 

44 + 4 

4 + 4 

la 


— 

+ 


4 




- 

14 

_ 

-f 

— 

_ 

- 


— 

- 

- 

15 

- 


4- 

_ I 


4- 

— 

- 

- 

ICi 

+ + 

-r -f- f 4- 

- 1 .+ 1 i- 

i 



4 4 

-J- 4 4 4 

4-4+4 

17 

+ ++-f 

4- 4- 4- 4“ 

w t ^ -t- 




4-1+4 

+ 444 

4. 4 -T 4 

IS 

4 + 

4 T 4 

T H T 4 




- 

4 4' 4 

4444 

10 

4. 

44 

44 




— 

+ 

444 

20 

± 

4- 

- 




- 

1 _ 

- 

21 

4- 

4 4 4 4 

4- 4 T 




4 

4 4 

4414 

22 

+ + 

4 4 4 + 

4 4 b 




4 

4444 

4444 

23 

- 

+ 





_ 



24 



_ 




__ 

_ 

- 










— 


FACTOR.S AFFKCTING TIIK AIODIFIKI) TEST 

1. The amount of fluid used in dis.solving the globulin. 

Using four “hemolyzed specimen.s,” prepared as outlined previomsly, par- 
allel modified Kalm tests Avere run on solutions of globulin made by the addi- 
tion of 0.8, 1.0, 1.2, and 1.4 ml. of 0.9 iier cent saline solution to the precipitate.s. 
The results of these tests and of the simultaneously run standard Kahn tests 
on the original sera (Table II) showed the closest correspondence in the case 
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oC the sohilioii made with 1.2 ml. of saline. ]\Ioi-e than that amount (3.4 ml.) 
seemed to make the te.sl less sensitive, while le.ss (3.0 ml.) made it more .sensi- 
tive, negative serum number a sliowing a doubtful positive. Rtill le.ss produced 
bizarre reaetions (see Table II). 

2. The effeet of increased amounts of hemoglobin. 

Four .sets of “homolyzed sjieeiinens’’ wore prepared, eontainiiig difi'eroiil 
amounts of “hemoglobin solution." as outlined in Tabh; ITT. Modified Kalm 
tests on globulin jUTcipitated from the.se gave results very similar to those 
obtained with standard Kalin tests on the sera; the added iionioglohin appar- 
ently interfered little, except in the ease of the specimens prepared witli 0.4 
ml. of “hemoglobin solution." In the.se the second reading .showed inciwis 
in the amounts of precipitate. In jm.ssible explanation of this it was iiotimi 
that the volume of the precipitated, centrifuged globulin in lhe.se tubes to 
about double that preeiiiitalcfl from those having only 0.1 ml. of “hciiinglobin 
solution." The rest of the results, with spi'eimens containing smaller ammiiit.s 
of “hemoglobin solution," so closely )>ar;illeled the control results that it .sceiirs 
likely the effect of hemoglobin on the globulin jn'ccipitation is probably .small, 
within a isither wide range of concentration. 

3. The ammonium sulfate solution. 

It is reeomuu'uded that “analytical reagent" gisuh* of this salt be irscd. .“so 
that solutions used foi' globulin pi’eei])itation would be approximatel.v the same 
regardless of the source of the chemical. In ordei- to insure that the solution 
would be half saturated even at summer temperatures, it is made up with 4S 
Gm. added to each 100 ml. of distilled water. P'ivc' milliliters of this solution, 
I)lus 3 ml. ot the serum from the hemolyzed sj>ecimcn results in a solution that 
would be half saturated with ammonium sulfate j>t anv temperature below 
36° C. 


SL’M.M.XUV 

The i)roblem of hemolysis in blood submitted to the St. Louis JIunieipal 
Bacteriological Ijal)oratory is discussed. A method for jierforming a iiiodificil 
Ivahn test on such “hemolyzed specimens" is described, and the results of coni- 
])ai'ative tests witli this method and the standard K.ahn test are given. 

Tile moditied Kahn te.sl described herein for use with hemolyzed blood has 
been iound to give aiijiroximately the .same results as the standard ICahn test 
in comparative tests with a limited number of sjiecimens. It is, thcrefoic, 
being recorded with the view of suggesting comparative trial in lalioratoi'ic-'' 
which find hemolysis a definite problem. 


i„y KniUUuU- to Dr. J. .j. J!ronfi nl,rrnni'r nn.l Mr. Xuth.m Xa? 
aavice and assistance In connection witli tlie work. 
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A SBIPLE AUTOJIATIC DISTILLING UNIT* 


Bradford N. Cratch, Ph.D., and How^vrd L. "Williamson, B.Ed* 

Detroit, ilicii. 


T he problem of redistilling t^vo or three gallons of Avater eveiy day can be 
troublesome when the largest flask available for a still has onlj* the capaeity 
of a liter. The use of a much larger flask is not satisfactory when only small 
burners are available for heating it. Aeeoi'dingly, we devised the apparatus 
herein sketched to solve the problem. It permits eontinnous distillation through- 
out the day without, in our experience, requiring the .slightest attention. A 
hasty survey of the literature plus consultation uith our associates has failed 
to reveal a similar arrangement. Albeit, since the principles involved are so 
simple, they have undoubtedly been combined before to the same end. Hence, 
we make claim to nothing more than independent discoveiy. However, "with the 
realization that other laboratories with limited apparatus may face a similar 
problem, we considered it worth while to make available a detailed description 
of the unit. 

Essentially the siphon principle is combined with that of the Mariotte bot- 
tle. The bottom of the tube, B, in the Mariotte bottle. A, is ad.justed so as to 
lie in tbe same horizontal plane as the surface of the water in the flask, C, when 
the flask has been filled to a level convenient for distillation. In practice the 
fluid usually rises somewhat higher in the flask C than the level calculated be- 
cause the air in the iMaiiotte bottle A becomes progressively hotter as the dis- 
tillation proceeds, due to the small amount of steam which bubbles back through 
the tube D. Accordingly, wc usually ad.iu.st the Mariotte bottle, so that the end 
of the tube, B, is in the same horizontal plane as the surface of the liquid in 
the flask C, when the flask is about two-thirds full. The end of the siphon 
tube, D, is bent slightly upward and outward so that the orifice is near the wall 
of the fla.sk. This tends to minimize the amount of steam which always bubbles 
hack up through the tube, D, into the ilariotte bottle. Although this steam 
heats the water in the ilariottc bottles as the di.stillation progresse.s, in our ex- 
perience this has neither interfered with the smooth operation of the unit nor 
cracked the nonpyrex ilariotte bottle. The lower opening of the tube, B, must, 
of eoui-se, be IjcIow the lower end of the tube, B, or the water will fail to siphon 
into flask C, as tlic distillation boils oft the fluid in fla.sk C. 11 is merely a plug 
of gla.ss wool to prevent the entrainment of impure water droplets in the steam 
wiiieh pa.s.scs over into the condenser, E. Any fla.sk may .serve as a receiver, F. G 
is a cotton plug to guard the opening of the receiver, F, so that no dust can fall 
into the receiver. The area of the condenser surface, if too .small, will, of coume, 
hmi^he rate at wliieh one can distill since some of the steam, when too .small a 
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of the solution made witli 1.2 ml. of saline. Slore Ilian that amount (1.4 ml.) 
seemed to make the test less sen.sitive, while le.ss (1.0 ml.) made it more sensi- 
tive, negative serum numher 5 showing a doubtful positive. Still less produced 
bizarre reactions (see Table II). 

2. The effect of increased amounts of hemoglobin. 

Four sets of “hemolyzed specimens” were prepared, containing different 
amounts of “hemoglobin solution,” as outlined in Table III. jModified Kahn 
tests on globulin precipitated from thc.se gave results very similar to those 
obtained with standard Kahn tests on the sera; tlie added hemoglobin appar- 
ently interfered little, except in the ca.se of tlie specimens prepared with 0.4 
ml. of “hemoglobin solution.” In thc.se the second reading .showed increa.ses 
in the amounts of precipitate. In ])ossil)le exjdanation of this it was noticed 
that the volume of the precipitated, centrifuged globulin in these tubes was 
about double that precipitated from tho.se having only 0.1 ml. of “hemoglobin 
solution.” The rest of tlie results, with specimens containing smaller amounts 
of “hemoglobin solution,” so clo.sely paralleled the control results that it seems 
likely the effect of hemoglobin on the globulin ])rccipitation is j)robably small, 
within a rather wide range of concentration. 

3. The ammonium .sulfate solution. 

It is recommended that “analytical reagent” grade of this .salt be u.scd, so 
that solutions used for globulin procii)itation would be approximately the same 
regardless of the source of the chemical. In order to insure that the solution 
■would he half saturated even at summer temperatures, it is made up with 48 
6m. added to each 100 ml. of di.stillcd water. Five milliliters of this solution, 
plus 1 ml. of the serum from the hemolyzed specimen results in a solution that 
would he half saturated with ammonium sulfate at any temperature below 
36° C. 

SUMM.VRY 

The problem of hemolysis in blood submitted to the St. Louis Municipal 
Bacteriological Laboratory is discussed. A inethod for performing a modified 
Kalin test on such “hemolyzed specimens” is described, and the results of com- 
parative tests with this method and the standard Kahn test arc given. 

The modified Kahn test described herein for use witli hemolyzed blood has 
been found to give approximately the .same i-esults as the .standard Kahn test 
in comparative tests with a limited number of siiecimens. It is, therefore, 
being recorded with the view of suggesting comparative trial in laboratories 
which find hemoly.si.s a definite pi-oblcm. 

I wish to express my gratitude to Dr. J. J. Bronfonbrenner and Mr. Nathan Nagle for 
advice and assistance in connection witii the work. 
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A SI^^IPLE 2VUT0:\LVTIC distilling unit® 


Bradford N. Cravf.r, Ph.D., axd Howard L. AVilijamsox, B.Ed® 

Df.troit, Elicit. 


T he problem of redistilliii" two or three gallons of water every day can be 
troublesome when the largest flask available for a still has only the capacity 
of a liter. The use of a much larger flask is not satisfactoiy when only small 
burners are available for heating it. Accordingly, we devised the apparatus 
herein sketched to solve the problem. It permits continuous distillation through- 
out the day without, in our experience, requiring the .slightest attention. A 
hasty survey of the literature plus comsultation with our a.ssoeiates has failed 
to reveal a similar arrangement. Albeit, since the principles involved are so 
simple, they have undoubtedly been combined before to the same end. Hence, 
we make claim to nothing more than independent discoveiy. However, with the 
realization that other laboratories with limited apparatus may face a similar 
problem, we considered it worth while to make available a detailed description 
of the unit. 

Essentially the siphon piineiple is combined with that of the Mariotte bot- 
tle. The bottom of the tube, B, in the Mariotte bottle. A, is ad.iusted so as to 
lie- in the same horizontal plane as the surface of the water in the flask, C, when 
the flask has been filled to a level convenient for distillation. In practice the 
fluid usually rises somewhat higher in the flask C than the level calculated be- 
cause the air in the hlariotte bottle A becomes progressively hotter as the dis- 
tillation proceeds, due to the small amount of .steam which bubbles back through 
the tube D. Accordingly, we usually ad.iust the Mariotte bottle, so that the end 
of the tube, B, is in the same horizontal plane as the surface of the liquid in 
the flask C, when the flask is about two-thirds full. The end of the siphon 
tube, D, is bent slightly upward and outward so that the orifice is near the ■waU 
of the flask. This tends to minimize the amount of steam which always bubbles 
back up through the tube, D, into the ilariotte bottle. Although this steam 
heats the water in the Mariotte bottles as the di.stillation progresses, in our ex- 
perience this has neither interfered with the smooth operation of the unit nor 
cracked the nonpjwex Mariotte bottle. The lower opening of the tube, D, must, 
of course, be below the lower end of the tube, B, or the water will fail to siphon 
into flask C, as the distillation boils off the fluid in fla.sk C. II is merely a plug 
of glass wool to prevent the entrainment of impure water droplets in the steam 
which passes over into the condenser, E. Any flask may sem-e as a receiver, F. G 
's a cotton plug to guard the opening of the receiver, F, so that no dust can fall 
mto the receiver. The area of the condenser surface, if too small, will, of course. 
limit th e rate at which one can distill since some of the steam, when too .small a 
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condenser is emploj'cd, will pass over into the receiver nncondensed. In actual op- 
eration the distillation is started with water in llask C, at the nsual level, about 
two-thirds full. As the water in G boils down to a critical level about one inch 
above the bottoin of the flask, water begins to siphon over into the still, C, from 
the Mariotte bottle, A. This cool water .stops the boiling until flask C i.s again 
about two-thirds full, at which point siphoning cea.scs. With each succeeding fill- 
ing the water will rise to a slightly higher level in flask C, because the air in the 



Slariotte bottle, as already noted, grows hotter as the distillation continues. All 
connections must be airtight and this ]>rccau1ion applies especially to the .stopper 
in the top of the itlariotte bottle. With the precautions mentioned the distillation 
can be started earl.y in the day and will .smoothly proeecd unattended as long as 
there is water in the JIariottc bottle. With our 10-litcr Jlariotte bottle it runs 
all day. 

We offer this device in the hojic it may prove of ccpial convenience to other 
laboratories faced with a similar problem. This arrangement is now being 
utilized by associates in other departments. 


A JiIETHOD FOR RAPID, REPEATED, APPR0XBL4TE 
DETERJIINATIONS OF THE TRANSVERSE 
DIAMETER OF THE HEART 

Samukl Wald.max, jM.D., Brooklyn, N. 1 . 


T he routine determination of the transverse diameter of the heart is usu- 
ally aecomplislied hy means of tcleoradiograpliy, ortliodiagraphy, and flu- 
oroscopyd 

The teleoradiogram is the x-ray film of the heart, conventionally taken at 
a distance of six feet. This technique involves the use of x-ray equipment and 
x-ray film. In orthodiagraphy the examiner draws the outline of the heart in 
the rtsualized plane. This method requires much time and .skill. With the 
fluoroseope, a direct examination is made, and contoui’s can he studied in active 
motion. 



Fig. 1. 


In order to determine rapidly and approximately' the transverse diameter 
of the heart, I have demised a simple attachment to the fluoroscopic screen which, 
in a small degree, obviates the use of film and the orthodiagram, but which is not 
intended to supplant them. 

For the conventional 12 by 16 inch fluoroscopic screen, a .strip of x-ray 
film, 34 by 16 inches, is cleared of emulsion by .soaking in hot water. When it is 
thoroughly di-y, lines are drawn on it with India ink as per diagram (Fig. 1). 
The width of the strip in the diagram is exaggerated for illustrative purpose.s. 
The ink is radiopaque and is easily seen during fluoroscopy of the chest. The 
complete lines indicate 5 cm., the incomplete lines 1 cm., and the dots 0.5 cm. 
Thus the accuracy is immediately limited to within 0.5 cm. The first line is 
drawn just within the edge of the screen. When ready, the strip is inserted into 
the base of the screen. 

Received for rubllcation. May 5, 1942. 
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By raising and lowering llie screen, (he widest diameter of the lieart can 
be projected to this base line, and the measnfement noted at once, giving the 
transverse diameter of the heart. 

The patient must always stand touching his liaek to the lluoroscope, while 
the screen rests against the chest wall, and tlic licad faces directly forward. The 
reading is taken at the end of inspiration. Under these conditions the measure- 
ments will be consistent and accurate. The figure obtained remains constant 
for the same patient under the same conditions. Kepeated observations have 
borne this out. Little practice is required for rajiid acquisition of the tech- 
nique. 
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This method of measurement has its greatest advantages when repeated 
studies of cardiac size are desired, e.speeia]ly at no material c.xpense. Where 
changes in cardiac size occur, definite alteration in diameter can be determined 
at once. In the reversibly enlarged hearts of beriberi, myxedema, arteriovenous 
fistula, and cardiac dilatation, repeated measurements become invaluable and 
are easily determined by this method. Pi'ogi’essive enlargement or retrogression 
in the size of the heart can be observed easily, and recorded. Studies by Garland 
and JIcKenney- on the reversibly enlarged heart of thiamin deficiency revealed 
changes in the transverse diameter of the heart, ns measured on 6 foot films, 
averaging a 2.7 cm. decrease in diameter in an average of fifteen days. The ex- 
tremes varied from 1.0 to 4.5 cm. decrease in diameter of the heart, following the 
administration of thiamin. Such changes can be easily determined by the 
method herein described, without the use of film. Numerical records thus obvi- 
ate somewhat repeated oKhodiagrams and teleoradiograms. 

Because of the closeness of the chest to the tube, the rays which strike the 
thoracic cage borders are too divergent for even approximate determinations of 
thoracic diameters Avhich might conforai to any tables. For the same reason 
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the larger the heart tlie more does its measure deviate from predieted figures. 
In this way, changes in size arc more exaggerated than is actual, and therefore, 
more easily determined. The most accurate results are obtained in the normal 
heart size. 

Ungerleider and Clark" in 1939 prepared tables of the transverse diameters 
of the heart, with which these measurements of the normal heart conform. The 
greatest deviation in the clinically normal heart was 9 mm. The least was 0 mm. 
Where clinical heart disease with enlai’gement existed, the figures roamed far 
from the predicted table. 

In Table I are presented 15 patients with normal hearts, and five patients 
with hj-pertrophied hearts associated with In-pertension. The comparative re- 
sults by this method are easily seen. 


strsnrARY 

A simple method of immediate approximate measurement of the transverse 
diameter of the heart is described, obviating to a certain extent the use of ortho- 
diagrams and teleoroentgenogi-ams. Repeated studies in the same patient give 
excellent comparative results, and changes in the size of the heart are easily 
obsen'ed and recorded. Film is conseiwed, and time and expense are reduced 
to a minimum. 
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APPARATUS AND TECHNIQUE FOR ]\lEASUREHENa’ OF '^UBRATORY 
THRESHOLD AND OF VIBRATORY “ADAPTA'JTON” CURVE* 


CiiAKLEs D. Aiung, i\I.D., CiNciN’XATi, Onio, AND "W'. 0. Fkoiirixg, B.S., 

Chagrix Falls, Ohio 


I N THE clinical study of ncurolo'ric disorders attenipls have been made to 
determine the appreciation of vihi-ation. Little is known concerning the 
physiologic factors underlying this phenomenon other than the fact that the 
integrity of certain neural i)atln\’ays is essential. 

In order to elucidate the influence of vailons physiologic facloi’S, sueli 
as circulation, respiration, emotion, and such phy.sical factors as temperature 
and 2 )rcssure on the ai)]irceiation of vibi-ation, it was Jieccssary to consider 
quantitative procedures. Numerous attempts at quantitative measurement had 
been made with but little licadway until 192.0, when an instrument was con- 
structed for Tilney by Henney.’ Subsequently, Laidlaw and Hamilton’- im- 
proved this instrument (imllesthcsiometer) and employed it to study the 
vibratory thresholds of vailous body surfacc.s. In spite of improvements, how- 
ever, certain shortcomings still existed in the apparatus. It was our aim to 
devi.se an instrument which would retain tJie simplicity of the one constructed 
by Laidlaw and Hamilton, and at the same time eliminate certain variables 
which seemed inherent in their ap])aratus. 

DESCinuTIOX OK AKJ»ARATU.S 

The apparatus udiich was devised for thc.se studies is illu.strated in Fig. 1, 
the wiring diagram in Fig. 2. A Raytheon automatic voltage regulator v'as 
employed to reduce the voltage variation to plus or minus 0.5 j)er cent. The 
vibrating applicator has a standard resistance of 90 ohms and differs from the 
instruments employed by other investigators in that it vil)ratcs horizontall}’, 
rather than vertically, to the surface of the area. Since an increase of pressure 
would tend to dampen the amplitude of vibrations applied vertically to the 
skin area, horizontal vibration was chosen, for it is less likely to be affected 
by pressure variation. 

Results of preliminary tests on several sub.iects indicated that a max- 
imum voltage of 50 would cover the most practical range 'with a 5,000 ohm po- 
tentiometer if the latter were “even” wound rather than “taper” wound. A 
dial divided into 100 divisions gives a more nearly logarithmic function of 
the amplitude than does a dial calibrated in arithmetic units. The arbitrary 
use of the dial reading for recording determinations seems to be entirely prac- 
tical for comparing results. Because of possibilit}’’ of error in calibration 

♦From the Neurological Service, Cincinnati General Hospital, the University of Cin- 
cinnati College of Medicine, and the Hesearch Laboratories of the S. jM. A. Corporation. 
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Fig. 1. — A portable pallesthesiometer. 


1, A'oltmeter. 

2, Interval timer. 

•?, Switch for full amplitude of the vibrator, 
•i. Main switch. 

S, and 6. Voltage control knob. 


Dial for recording amplitude of vibrator. 

8, Electronic converter for use with direct 
current. 

9, Push-button signal (operated by patient 
who indicates when vibration is felt). 

10 , Vibrator. 



Fig. 2. — ^tViring diagram of the pallesthesiometer. 
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inethocls, no allcinpl was made 1o calibrate the dial readings in terms of “units 
of energy’’ or “amplitude.’’ In the prolimiiiary studies, Avhen the pallesthe.si- 
ometer had an input of 110, the dial reading at zero (with the voltage across 
the vibrator) was 4’/{. volts; at a maximum dial reading of 93, 49 volts. In ea.se 
the automatic voltage regulator i.s not used, a A’ariable resistance must replace 
the dro]j])ing i-osistoi’ in the vibi-ator circuit and a voltmeter must l)e placed 
across the leads to the vibrator. ‘When only direct current is available, an 
electronic 60-cycle convei-tor may be iu.serted ahead of the instrument. 


INITIAL READINGS TIME IN MINUTES 



SIETHOD 

A modicum of attention is required on the part of the sub.i’eet. After the 
procedure is explained, the subject may recline in the dorsal or ventral posi- 
tion. The vibrator is then applied to an area remote from that to be tested, 
so that the stimulus might be recognized before the test is begun. The ap- 
plicator is held at right angles to the point tested, the weight of the entire 
applicator at that position representing roughly the pressure exerted on the 
skin. The initial threshold is then determined. With the dial set at zero and 
the vibrator applied to the test area, the dial is turned up slowly until the 
stimulus is perceptible. This process is repeated several times, allowing rest 
periods of thirty seconds to one minute between stimulations. It would be 
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logical to assume that threshold readings could be verified by starting with 
a stimulus heavier than the threshold, turning the dial toward zero, and 
recording the point at which the subject no longer perceives vibration. How- 
ever, such a procedure results in an “adaptation” to the stimulus, particularly 
if the latter is heavy and is applied for more than an instant. Hence, it can- 
not he used to determine the threshold value. 

The rate at which vibratory thre.sholds are approached has no effect on 
the final reading; that is to say, a variation in the speed at which readings are 
taken will not influence the subject’s response. If he is reporting inaccurately, 
widely divergent readings are observed, indicating that the subject made his 
report when he thought the stimulus should have been evident rather than 
when it was actually felt. 

The phenomenon of “adaptation” proved to be useful as a more delicate 
evaluation of vibratory appreciation than that educed by threshold determina- 
tion alone. If, having detei-mined the threshold of a .surface over a given 
period of time, a hea^T,' vibration was applied, the vibratory threshold was 
raised. “When the “adapting” vibration was discontinued, it was found that 
the threshold returned to the original level in a period of a few minutes. 

RESULT.S 

Vibratory thresholds were determined in normal persons. It was ob- 
served that readings in comparable test areas may vary widely from person to 
person. It is well known that the thre.shold varies from area to area on the 
body surface. Thus, Laidlaw and Hamilton- fonnd that the vibratory thresh- 
old was lo-west in the finger tips and highest at the sacrum. 

Somewhat more con-stant was the adaptation to an intense stimulation. In 
the majority of subjects, return to the control threshold after a period of in- 
tense vibratory stimulation wms observed in several minutes (Fig. 3). A much 
longer interval of return was observed in patients suffering from a variety of 
neurologic diseases (degeneration of the posterior columns of the spinal cord, 
subacute combined degeneration of the spinal cord, and peripheral neuritis) 
(Pig. 3). The influence of various physiologic and physical factors on idbra- 
tory appreciation in normal and abnormal states will be described in subse- 
quent reports. 

smnLARY 

An instrument for the quantitative measurement of the thre.shold of 
vibratory appreciation is described. 
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A SBIPLE KIDNEY PIjETHYS^MOGEAPIP 


Frederick E. Emerv, Pii.D., Bueeaeo, N. Y. 


T he kidney can easily be apjiroached, and by means of a little dissection can 
be freed from the abdominal ivall and placed in a ])letbysmograph. Usually 
some difficulty is experienced in obtaining records of kidney volume because 
the pletliysmograplis adapted for the kidney have some disadvantages. Pint. 
they ai-e difficult to make airtight; second, the vena cava or kidney vessels arc 
often compressed, resulting in pa.ssivc congestion; ihird, the instrument is fre- 
quently too large to be inclosed in the abdomen and, therefore, the temperature 
of the kidney may be below normal; and fourth, the composition of the plethys- 
mograph prevents visual inspection of the inclosed tissue. With these points in 
mind a simple plcthysinograph has been devised which eliminates all thc.so ob- 
jections. 


r~ 



Fip. 1 . 

peethysxiograph 

The plethysmograph is a cylinderical cup-shaped glass container. The bot- 
tom is entirely open and the top is closed, except for the opening of the outlet 
tube. The one shown on the right in Pig. 1 was made for large cats and is 40 mm. 
in diameter and 50 mm. high (this height is somewhat greater than actually 
needed) . The two outlet tubes are clearlj' seen at the top of the picture, while 
at the bottom the notch intended for the passage of blood vessels is evident. This 
plethysmograph was made by a local glass blower. A workable, and in our ex- 
pei-ience equally satisfactoiy, apparatus for small eats can be made from a large 
thistle tube connected with a glass T-tuhe by means of rubber tubing (Pig. 1). 

•From the Department of Physiologj', University of Buffalo. 
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TIXHNIQUE 

The usual i)n)ceduro ol‘ opeiiiii'r the abdomen and dissecting the kidney 
free from attaclnucnts is employed. The plcthysmograph is prepared for use 
l)y placing a short rubber tube on the straight outlet aiau. 1 hrough this tube, 
and extending through the bottom opening of the plcthysmograph, a suture 
thread is passed. A small ■wire is used to pull the thread through the tube and 
plcthysmograph. A suture needle is used to fix the lower end of this thread to 
the capsule of the kidney. The plcthysmograph is now placed over the kid- 
ney, adjusted, and held in the de.sired position by means of a clamp from a 
base stand. The thread is pulled and the kidney is .suspended in the glass 
chamber under as little tension as possible. A pinch clamp on the rubber 
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Fig-. 2. — Blood pressure of a cat taken -with a mercurj- manometer, upper tracing; base 
line and time in five seconds, middle tracing: and record of kidney volume, lower tracing. Xote 
the return of the kidney volume to even less than normal during a rest period of one and one- 
half minute.s. A single dose of 0.5 c.e. of a 1 i.SO.OOO solution of adrenalin given as indicated. 
Cat weight 2.000 Gm. 

tubing holds the thread from slipping and closes the opening in the tubing. 
The kidney can be clearly seen and the plcthysmograph can be adjusted so 
as to relieve all pres.snrc on the vessels. A little warm mineral oil placed in 
the abdomen will make the plethy.smograph airtight. Frequently no oil is 
required to make an airtight seal. If the inte.stines enter the plethy.smograph. 
these may be blocked off with cotton rolled in vaseline, provided care is taken 
not to obstruct the veins of the kidney. The whole area is kept warm bv 
closing the abdominal wall around and over most of the plethy.smograph. The 
side arm of the ])lethysmograi)h is attached in the usual wav to the recordin^r 
tambour. ‘ 
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Eecorcls taken of kidney volume usually clearly show respirations and 
heartbeats, as well as changes in volume due to vasomotor activity. Fig. 2 
shows the effect of adrenalin injected intravenously in an anesthetized cat. 
The expected rise of blood pre.ssnre occurs and consti'iction of the kidnc.v, as 
indicated by the fall in the plcthy.smograiihie record, is evident. 


AN ACCURATE CONSTANT TEi\lPERATURE WATER BATH 
CONSTRUCTED AT VERY LOW COST* 


Ben.iamin C. Rigos, M.D., Pmil.\deij’hl\, Pa. 


T he need for a small, accui-atc, constant temiicrature water batli of low 
cost led to tlie development of the design described. The accuracy was to 
be within 0.1° C. and the capacity 2 litei-s. The final cost came to less than 
four dollars. The uses for such a bath in the office or hosiiital laboratoiy are 
readily apiiarent and include blood amyla.se and lipase, trypsin, urea, amino 
acids, calcium, gastric cnymes, inactivation of serum, and vaccine preparation. 

Theory. — E.ssentially, the ajuiaratus consists of an electrically powered im- 
mersion healer, controlled by a siniiile thermorcgulator, installed in a small water 
bath of suitable shape to insure thorough mixing by convection. 

The relation between vapor tension and temperature has long been knomi 
and practically used. In the design de.seribcd, a mercury column, driven upward 
by the rising vapor tension of a suitable fluid subjected to rising temperature, 
is coupled at an adjustable point to a small mercury manometer. One arm of 
this manometer serves as the moving element of a single pole switch, making 
and breaking the power circuit of the Jieater. Undesirable arcing in the switch 
is eliminated by a low cajiacity condenser connected acro.ss the switch circuit. 

The heating element also uses a well-known prineijile. The resistance to 
alternating current of a low concentration of electrolytes in water is used to 
produce high temperatures within a small space. In this design, two heavy 
gauge, parallel wires are immersed in the tap water of the bath and connected 
to either side of the 110 volt A.C. house circuit fhrougli a thermoregulator. 
When this is in closed position, the water between the exposed wires is kept at 
boiling temperature. Power consumption is regulated to suit the size and tem- 
perature of the bath by a sliding in.sulator covering one of the wires. 

To eliminate the conventional mechanical stirrer, the heater is placed cen- 
trally in an approximately hemispherical bath, with the result that convection 
currents eliminate any temperature variations outside tlie sensitivity limits of 
the thermoregulator. (The presence in the bath of test tubes, flasks, etc., pre- 
sents no measurable interference if the spacing between each is at least 2 cm.) 
Construction. — 1. Heater. (Cost of materials, approximately 50 cents.) 
For temperatures up to 45° C., a single pair of parallel, IS gauge wires, 
of 6 cm. exposed length, 2 mm. apai't, will deliver sufficient heat to maintain 

•From the Laboratory of the Germantown Hospital, Philadelphia. 

Received for publication, May 19, 1942. 
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the temperaUivc in 2 liters of water; the circuit will he closed not more than 
50 per cent of tlie time. For liigher tcmiieratiircs or larger baths a double unit 
is more satisfactory: two jiairs of wires are used, one pair operating con- 
tinuously; the other, connected in parallel, running intermittentlj through the 
thermoregulator circuit. The constiTiction is essentially the same in eithei case. 

AOJUSmENT 



Although the apparatus now in use was built with copper heating wires, 
it is probahic that some other metal, such as stainle.ss steel or silver, would he 
Ic.ss liable to the formation of ob.icct ionahle salt crusts. 

The heating wires (A) are passed through the rubber stopper {B) formino- 
the base (of a size to fit tightly the neck of the container), and are secured bv 
insertion into the rubber stojiper (r) forming Die top of tJie heater \ sin-^le 
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liole is bored in (C), at tbo insertion of one wire of eacli pair, to iit the glass 
insulating lubes, shown {!)) in the single unit. These are lubricated with stop- 
cock grease; their i)osition regulates the amount of ex])Osed wii'e surface, and 
hence, the power consumption. A guard is built around the beating mres of 
painted iron wires (if), six in number, .sj)accd evenly about the iieriphery, the 
ends inserted in the toj) and bottom .stopi)er.s. Two of these will be .spread 
slightly to accommodate the vapor bulb (if) after it is constructed. 

2. Thei'inoregulator. (Co.st of materials a])proximate]y .$2.50.) 

Tmo sizes of soda lime gla.ss tubing are \ised and enough “881’’ glass to 
form two beads about 2 mm. in diameter. The switch {F) aTid yapoi- mercury 
tube ((?) have an iiusidv. diameter of n mm., and the adjusting tube {II) has 
an outside diameter of 4 mm. The •‘88]’’ glass is used as a scaling medium 
around the platinum .switch electrodes (./), Ijccau.se its coefficient of expansion 
is almo.st exactly that of platinum, thereby avoiding cracks. The vapor bulb 
(A') is blown to aj)i)roximatcly 2.0 cm. diameter from the .scaled end of the 
vapor mercury tube {0) before bending. Proi)erly placed holes, 1 mm. in 
diameter, arc l)lown in a prcrinu.'ihi })ent section of the same sized tubing to 
form the manometer .switch (F). One centimeter lengths of 20 gauge platinum 
wire (./) are sealed into the.se holes in beads of “881’’ gla.ss. The adjirsting 
tube {II) is sealed to the manometer after bending, and is tilted with a snug 
rubber washer cut from tubing to enable it to l)e set at any desired height within 
the vapor mercury lube {G). Tlic 0.01 mici-ofai-ad tubular condenser (L) is 
mounted between the outside ends of the electrodes to facilitate wiring and 
give support to the electrodes and seals. The mercury in the switch should just 
make thorough contact with the uj)i)cr electrode, with both sides unobstructed, 
and the adjirsting tube vertical. 

The vaporizing fluid in the vapor bulb is best chosen by trial and error 
for the temperatui'c range contemplated. Satisfactory results have been obtained 
with mixtures of ethyl ether and absolute ethyl alcohol, for temperatures from 
35° C. to 45° C,, and with petroleum ether from 40° C. to 60° C. The amount 
of fluid, size of air bubble, and amount of mercury are also best found by experi- 
ment. (The author used mercury 10 c.c. and fluid 0.5 c.c.) 

The wiring should be evident from the diagram. A second heating unit 
is simply wired directly across the power lines. It has been found convenient 
to wire the manometer switch to a plug, fitting into a socket at the base of the 
heater, to facilitate I'emoval for cleaning the bath. 

3. Container (il/). (Cost of materials, approximately $1.00.) 

The most satisfactory container was found to be an inverted glass lamp 
shade of hemispherical shape, the neck receiving a No. 11 rubber stopper, the 
rim about 30 cm. in diameter. This pattern is easily obtainable for about $1.00 
and has been perfectly suited. 

The thermoregulator is so placed that the vapor bulb passes between two 
of the guard wires, slightly spread to receive it, and rests in contact with the 
heating element. (This should be the intermittent heating element if a double 
unit is used.) The vapor mercury tube is held vertically by a simple clamp {N) 
bent from iron wire, slipping onto the rim of the container. An auxiliary clamp 
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(0) is bent iu the foi'ni of a double-ended hook to steady the bulb against the 
heating element. Clamp (iV) is also bent to receive a standard, mercury inuner- 
sion tliermometer. 

Operation . — The apparatus is designed for use on the standard, 110 volt 
A.C. circuit. Continuous operation requires a daily check on the water level and 
flushing out of the hath weekly. No other attention has been found necessary . 
When beginning use, the hath should he filled with water at approximatel.v 
the desired temperatui’c, and the ad.iusting tube raised so that the switch just 
makes contact. Final adjustment is po.stponed until the thcrmoregulator and 
bath have reached equilibrium, or about one-half hour after filling. The maxi- 
mum ovei’-all variations in temperature have not been observed to exceed 0.2° C. 

SUMJIARY 

A new design is described for an extremely inexpensive, small, easily con- 
structed, constant temperature water bath, for use in the hospital or office labora- 
lory. The theory, construction, and operation are given in detail. 


LEVINSON TEST FOR TUBERCULOUS MENINGITIS^' 


Presentation of 110 Cases and a Discussion of tue Principle and 
Technique of the Test 


Daniel Burman, A.iM., M.D., and Roslyn Weintraub, B.A. 
New York, N. Y. 


introduction 

T he Levinson test for tuberculous meningitis is a very accurate diagnostic 
procedure. A study of the literature and a per.sonal survey of several hos- 
pitals and many physicians revealed that this test is little known and used .still 
less. As a result, we feel that a pre.seutation of the results of this te.st on 110 
cases, a review of the results of previous investigations, and a discussion of the 
principle and technique will he of value and may serve to increase the use of 
this valuable adjunct in the diagnosis of meningitis. 

history 

In 1917 Tashiro and Levinson' published a report on the alkaloidal and 
metallic precipitation of cerebrospinal fluid in the diagnosis of meningitis. It 
was not until 1919 that this test again appeared in the literature. At that time 
Levinson- included it in his book on spinal fluid without discu.ssing its prin- 
ciple. The fii-st clinical repoil that we could find on this subject was the paper 
puhli.shcd by GleiselP in 1932. In this paper he discusses the te.st and reports 
that in his cases the results wore uniformly good. The same author* again pub- 
lished a clinical report in 1938 in which he states th.at .51 eases (Tables I II 

N. PathoIoKj- Dep,,rtr,.cms of Harl,-n, Hospiuit, New York, 

Uccelved tor publication. May 22, lPt2. 
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111) were examined and tested by this iiietliod M'itli very yood results. Tlie re- 
port showed 38 eases witli a positive Ijevin.son te.st and 13 cases ivitli a negative 
result. Of the 38 cases, 23 revealed tuhcrcnlosis organisms; (i showed tubercu- 
lo.sis at autop.sy; one tnherculons patient had tuberculosis organisms in the 
spinal fluid; and 8 did not have tuhereulosi.s. Ilowevci-, of these 8, one had an 
intracranial hemorrhage with multiple lacerations; 2 had cerebral lieniorrhage 
with liypei-tensive cardiovascular disease; one had encephalitis iefhargica; 3 
M’ere epileptics; and one had staphylococcus meningitis. j\ll the 8 nontuhercii- 
lous meningitis cases were positive, since there was either blood or serinn present 
in the .spinal fluid. Of the 13 negative te.sls all were nontuherculon.s, 10 had a 
meningococcic meningiti.s, and 3 had poliomyelitis. 


r.utu: J 

Po.«itivo — .'!S 

Tubcrculou.s .'!() 

Kontubcrciilon.« S 

T.\m.E H 

Nontiiljorculou.^ posifivo.x S 
Intracranial lienmrrliage 
Enceplialitis Ictliargica 
Epilcp.sy 

Staphylococcus meningiti.s 


Xegativo- 


].•; 

0 

i:i 


«> 

1 

a 

1 


T.mjlk III 

Xontuhorculoiis meningiti.s IT! 

Meningococcic 10 

Poliomyelitis .0 

In 1939 Gleiseh and 11. Weintrauh'’ published fi study of the comparative 
value of the Levinson and tr.t'ptoplmn tests in the diagno.sis of tuberculous 
meningitis. They pointed out tluit the tryptophan te.st was markedly inferior 
to the Levin.son te.st. Their results .showed (Table IV) that in 18 cases of posi- 
tive tuberculosis all had positive Levinson tests, hut only 16 had a positive 
tryptophan A, 12 a positive tryptophan B, and 2 were negative in both tiypto- 
phan A and B tests. Purthermore. in 8 cases of nontuherculous meningitis Avith 
clear fluid (Table Y) all had negative LeA'inson te.sts, but 8 had a positive 
tryptophan A and 3 had a positiA-e tryptophan B. They also shoAved that in 7 
cases of bloody spinal fluid and 9 cases of purulent meningitis (Table VI) all 
had posith’e LeA'inson and tiyptophan tests; and that in 14 cases Arithout 
meningitis all had negative tryptophan and Levinson tests. 

In 1940 S. 'Weintraub® published a paper on the A’arious diagnostic proce- 
dures for tuberculous meningiti.s. He was faA-orahly impressed Avith the re.sults 
of the Levinson test. 

TECHNIQUE 


Into each of tivo small test tubes of uniform Avidth, about 0.3 cm. in diam- 
eter, place 1 c.c. of spinal fluid. Add to one of the tubes 1 c.c. of 3 per cent 
sulfosalicylie acid and to the other 1 e.c. of 1 per cent mereuric chloride. Stop- 
per the tubes and alloAV them to stand for from tAventy-four to forty-eight hours 
at room temperature and then mea.sure the height of the sediments. (The A-eiy 
small flat-bottomed serum A'ials are A'ery useful tubes to use for this test.) 
Normally, both are very small ; in suppurative meningitis tlie sulfosalicylie 
precipitate is very heaAy and the mercuric chloride precipitate is A'ery small. In 
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tuberculous meningitis the opposite takes place, the siiltosalicylic acid precipi- 
tate being small and the mercuric chloride precipitate being large. In order to 
read a positive Levinson test the foregoing conditions must be fulfilled and the 
mercuric chloride precipitate must he from trvo to three times as great as the 
sulfosalicylic precipitate ; that is, rvhen measuring the height of the precipitate 
in the two tubes, diameters of Avhich are the same, the height of the mercuric 
chloride precipitate must be trvo to three times as large as that of the sulfo- 
salicylic acid. It is to be remembered that this test is only to be performed on 
clear spinal fluid. 

Tabi.e IV 

COMr.vr.ATivF. Vat.ue of the Leaun’sos akd Ti’.yptopiiam Tests ix IS Cases of Pi’.oved 

ToRF.r.cm.ous MrstKoiTis 

tryftophax 

EEVIXSOX TP.YPTOPIIAX A TP.YPTOPirAN' B A AND B 

Positive 18 IS 12 12 

Negative 0 2 0 2 

T.abi.e V 

Eight Casfj? of Nontcbercueol's llE.vi.vGms Vitii Ceeak Fleid 

EEATXSOX TUYPTOPIIAX A TP.YPTOPHAN' B 

Positive ^ ^ 

Negative 8 0 y 

Tabee VI 

Sixteen Cases With Blood or Pcs in the Spi.nal Fluid (Blood 7 — Pi:s 0) 

LEVINSON TRYPTOPHAN 

Positive 10 10 

Negative 0 0 

Focuteen Cases With Nonmeningitic Spinal Fixid 

LEVINSON TRYPTOPHA.V 

Positive 0 0 

Negative 14 14 

PRINCIPLE 

The spinal fluid of tuberculous meningitis, like normal spinal fluid, has a 
pH of approximately 7.4 immediately after tvithdratval, but ascends to 8.1 or 
higher on standing for from twenty-four to foiTv'-eight hours. Spinal fluid from 
epidemic meningitis has a pH 7.2 to 7..5 but goes up onlj- .slightly on .standing 
from twenty-four to forty-eight hours. The more turbid the fluid the longer it 
retains its acidity. An explanation that has been offered for thi.s phenomenon 
is as follows; Normal spinal fluid loses H ions on standing. However, if it is 
tightly corked it does not change its pH. Thus, this phenomenon may be due to 
the loss of carbon dioxide. Tuberculous meningitic spinal fluid reacts just as 
the normal spinal fluid, only more rapidly. Epidemic meningitic spinal fluid 
changes its pH very little and becomes more acid on being corked. This may he 
due to lactic acid formation. 

Bacteriology is helpful in making a diagnosis when the results are positive. 
However, it is not of much aid when negative results are obtained. Globulin is 
increased in all meningeal inflammations, but the amount of increase does not 
help to determine the disease heeanse the ranges overlap each other. 


The pH of spinal fluid changes on standing and varies between epidemi 
and tuherenlouK meningitis, as di.seusscd above. Levinson stated in 1917 • “T 
Ibe difference in the reaction of the different fluids is great enough, we .should 


ic 

If 
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l)c able to distinguish their i)rolein in a vaviely oi' ways, even if fbeir ])j'olcin 
concentration niiglit l)e the saine. The clecti-ical cliarge ol! a ])rotein depends 
on the reaction of the medium. In acid solution proteins hecoine elcetro- 
pasitive and in alkaline solution elect ro-negalive. Thus one of Ihe ways of 
precipitating protein is to let it comhinc with some radical to form an in- 
soluble salt. From the sliindpoint of the electrical ei)arge of the protein, such 
a pi’otein salt is neces.sarily either a j»ositive protein )'adieal forming a ])rotein 
salt with the negatively charged ions .(alkaline preeij)itatcs) such as tungstic 
acid, picric acid, etc., or negatively charged protein combining with a positively 
charged metal (metallie proeipitales) sueh as copper, silver, mercury, zinc, and 
lead. If these protein salts are snlTiciently insoluhle, the precipitate will come 
down. ’ ’ 

TMti.i; VII 


0.\K Ili’.siiUKo Tkn- C.^sks ExAMi.vr.il av Ervixso.v Test 


I’rovcil tuberculous iiioningiti.'. 
Positive test.': 

Xegativo tests 
Equivocal test.s 
Coiitrois 

Mcningismus 

Xontuberculous meningitis 
Xonmoningitie 
Discardcil cases 

Red blood colls 
Qiiantit.v insufTicicnt 


111 

O 


(is 



Tmua; Yin 

SiXTY-EionT Casks or Puoveii Tuueucui.ou.s Me.ni.vgitis 

Diagnosed tiy finding tbe organism in tbe .spinal flnid or on autopsy 41 
Diagnosed b.v clinical, x-ra.v, and oilier Inbornlory test.s 27 

Deceased ’ ’ * GS 


Cataphoresis experiments proved that the protein in epidemic meningitis 
moves toward the cathode, .showing the presence of positively charged protein 
ions, whereas in tuberculous meningitis the protein ions went to the anode, 
proving a greater number of negativel.v eiiarged protein ions in this condition. 
In nonmeningitic fluids there is very little precipitation in cataphoresis. Thus 
the pH variation is enough to produce electrical charges in the protein. There- 
fore, it should be possible to choose proper precipitants to distinguish tlie vari- 
ous forms of meningitis; that is, there should be more precipitate with a 
metallie precipitant than with an alkaloid'precipitant in tuberculous meningitis, 
and the reverse in epidemic meningitis. Experimental work subsequently 
proved this to be true. 

Normal fluid is only slightly turbid when .sulfosalieylic acid is added and 
remains clear with mercuric chloride. This condition obtains only immediatel.v 
after the addition of these reagents. However, on standing both form precipi- 
tates. In tuberculous meningitis the addition of sulfosalieylic acid causes the 
fluid to become turbid immediately whereas with the addition of mercuric 
chloride the fluid remains clear. In twenty-four hours sediments are found in 
both tubes, but tbe precipitate due to tbe mercury is two to tbree times as mucli 
as that due to the sulfosalieylic acid. In epidemic meningitis tbe sulfosalieylic 
acid precipitates the protein quieldy and the mercuric chloride precipitates the 
protein slowly. In this case twenty-four hours aftetr the addition of the pre- 
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cipitants the siilfosalicylic acid sediment is two to three times as great as that of 
the mercuric chloride. It cannot be overemphasized that the principal feature 
in this test is the ratio and not tlie total amount of precipitate which is found, 
and this is directly dependent upon the pH of the protein. 



Fig-. I. 


CASE STUDIES 


The spinal fluids of 110 eases were examined. Nine of these had to be dis- 
carded for the following reasons : Six had red blood cells and three had insuf- 
ficient fluid for a Levinson test after the other tests had been performed. As a 
result we have only 101 cases on which tabulations can be based. There were 68 
eases of tuberculous meningitis and 33 controls. These 33 cases were diagnosed 
as meningismus, nontuberculous meningitis, or cases in which no meningeal signs 
M'ere present. Sixty-four of the 68 cases were positive while 2 were negative and 
2 gave equivocal results when tested by the Levinson metliod; that is, 2 could 
have been read either way — positive or negative. We ai-e considering these as 
negative results. Thus we have 4 negative results. Of the 33 controls all gave 
negative results in this test. 

Forty-one of the 68 cases, or 60.3 per cent, were proved to be tuberculous 
meningitis by one or more of the following methods : finding the organism in 
tile spinal fluid or autopsy. The other 27, or 29.7 per cent, were diagnosed as 
Inhereulous meningitis on the basis of elinieal, x-ray, and other laboratorr find- 
ings plus the fact that they all died. Thus 64/68, or 94 per cent, gave positive 
Levinson te.sls, and 4/68, or 6 per cent, gave negative Levinson tests. Further- 
more, aU the controls, that is, 33/33, or 100 per cent, ga%'e negative Levinson 
te.sts; or. to express it in another way. 97/10]. or 96 per cent gave accurate 
results by the Levinson method. 


If we now combine our results with those reported above, taken from the 
hteratnre, there ,s a total of 217 ca.se.s. Of these, 116 were proved to be tuberc^ 
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lous meningitis nncl gave 112 ])ositive results aiul only 4 negatives. One liundred 
and three were nontnbereulnus and gave the following restdts: 

Positive Levinson tests gO 

All had either red blood cells or pus in the si)inal fluid 

Nc[/utivc Levinson tests 70 

These wei’e made up of normals and eases of i)oIiomyelilis, meningisimis, 
nontuherculous meningitis, and 2 equivocal cases. 

Quantity Insii/Jicicnt for a Levinson test 
After all the routine tests were i)erforined, tliere was not sufficient .spinal 
fluid left for the performance of the Levin.son test. 

CO.MJIKNT 

We have presented 217 cases which were studied for the determination of 
the accuracy of the Levinson test. Of thc-se, 110 were our own and 107 were 
from the literature. Our results revealed that this test is 94 per cent accurate, 
wherea.s the total of our casc.s plus those of the other investigators (who found 
100 per cent accurate results) brings the percentage of accuracy up to 97. As 
this cojnpares favo 2 -abl.v with any oflicr diagnio.stic lahoivitory procedure, and as 
the number of eases studied is not too snuill, we feel that this simple laboratory 
test should be used more often in the diagnosis of meningitis. 

It should be evident from this i)aper that the test is of value only in eases 
of ineningitis where the sjjinal fluid is clear and whei-e no serum has been ad- 
ministered, since pus. red blood cells, and scinini rendei’ the spinal fluid more 
alkaline and result in a false positive. 

SU-AIJIARY 

1. The history and a summary of the literature on the Levinson test are 
presented. 

2. A description of the technique and the principle on which the test is 
based are given. 

3. A total of 110 new cases and 107 ca.scs in the litei’atin-e on which the 
Levinson test was perfoi-ined. together ^vith a hj-eakdoivn of the results to deter- 
mine the accuracy of the test, is pre.sented. 

4. Tables showing the test from 94 to 97 per cent accurate in diagnosing 
tuberculous meningitis are included. 

5. A bibliography of all the available literature on this sub.ieet is presented. 
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CHEMICAL 


THE DETER^MINATION OF TOTAL CHOLESTEROL AND 
CHOLESTEROL ESTERS IN BLOOD® 


S. L. Lkiboff, New York, N. V. 


M ethods for the quantitative determination of cholesterol esters in blood 
have heen devised by Bloor and Knudsen,' Sperry,^ Kelsey,^ and other’s. In 
all these methods the free cholesterol is separated from the esters by precipitation 
rvith digitonin. For the quantitative estimation of both free and combined 
cholesterol, practically all methods utilize the Liebermann-Bui’chard color 
reaction. 

Varioits procedures are used for extracting the ehole.sterol from blood. 
Bloor'* extracts it from ■\vet blood 'with a mixture of alcohol and ether. IMyers 
and "WardelP dry blood ■with plaster of Paris and extract '\\’ith chlorofoi’m. I*’ 
dry the blood on fat-free filter paper and extracts with chlorofoi’m. 

Because of the difficulties inherent in these methods, requiring a great 
deal of time and painstaking manipulation, a study was undertaken to determine 
the conditions best suited to produce the quickest and most accurate results. 
This study culminated in the development of an extremely simple and accurate 
method for the determination of total cholesterol and cholesterol ester content 
in blood. 

PRINCIPLE OF JIETHOD 

Oxalated blood is mixed well with anhydrous sodium sulfate and extracted 
nith chloroform for twenty minutes in a graduated test tube attached to an 
air-cooled condenser. The chloroform extract is filtered and two aliquot portions 
are removed. One portion is treated directly with acetic anhydride and sulfuric- 
acid for the total ehole.sterol content. The second portion is used for the de- 
termination of esters as follows : The chloroform is removed by evaporation and 
sub.stituted by petroleum ether from which the free cholesterol is removed -with 
digitonin. The petroleum ether is evaporated, the e.ster.s are taken up in chloro- 
form, and the color is developed with acetic anhydride and sulfuric acid. Both 
fractions are detei’mined colorimetrically against a standard containing a knorvn 
amount of cholesterol. 

Preparation of Reagents . — It is important that the reagents used in the te.st 
he of the highest purity; this applies particularly to the chloroform and acetic 
anhydride. The following methods for the purification of these reagents have 
proved very satisfactory. 

Purification of Chloroform.— Into a 2,000 c.c. separatory funnel introduce 
1,000 c.c. of chloroform and 100 c.c. of concentrated sulfuric acid Shake at 
in^ds during twenty-four houm. Remove the sulfuric acid and wash the 

•From tliv IviboRitor.v of Lob.inon Ho!=pital. Xow York. 

Rocclvcd for publication, March 15 , 1941. 
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chloroform ■with a slow stream of running water passing through a glass lube 
reaching to the bottom of the separatory funnel until neutral to litmus. Trans- 
fer the chloroform to a distilling fla.sk and add 50 Gin. of anliydrous calcium 
chloride. Shake at intervals during twenty-four hours and distil, discarding 
the first and last 50 c.c. of chloroform. Transfer the distilled chloroform to 
an amber bottle and add 0.7 c.c. of absolute alcohol jier 100 c.c. of chloroform 
and a few grams of anhydrous calcium chloride. The alcohol acts as a pre- 
servative. Keep the bottle tightly stoppered. 

Purification of Acetic Anhydride. — Heat 500 c.c. of acetic anhydride with 
50 Gm. of calcium o.xido in a distilling fla.sk under ;i rcflu.x condenser for three 
hours. Allow to stand overnight and distil .slowly. Keep in bi-own bottle with 
tightly fitting glass stopper. 

Preparation of Digitonin Reagent. — In a small tla.sk place 1 Gni. of 
digitonin, 10 c.c. of methyl alcohol, and 10 c.c. of distilled water. Place the 
flask in a beaker containing Avater heated to about 60° C. and rotate the flask 
until the digitonin is completely di.ssolved. 

On standing the digitonin .separates out of solution. Jt is, therefore, necc.s- 
sary to redissolve it by placing in hot watei’ befoi’o use. It rcdi.ssolvcs very 
readiljL 

Preparation of Cholciitcrol Standard. — Prepare a stock solution b.v dissolv- 
ing 0.160 Gm. of pure cholesterol in 100 c.c. of chloroform. A working .standard 
is prepared bj' diluting 5 c.c. of the stock standard with 95 c.c. of ehlorofom'. 
Five cubic centimeters of the working standard contain 0.4 mg. of cholesterol. 
The standards are kept in the refrigerator in amber bottles. 

Extraction Apparatus (Fig. 1). — The a])paratus consists of a graduated 
glass tube 20 by 150 mm. The graduation marks start at zoi'o about 40 mm. from 
the bottom of the tube and continue upward to a mark of 60. These graduation 
marlvs do not represent specific volume.s but arc used to indicate the chloroform 
level in the tube. The inside mouth of the tube is ground to fit a coiled glass 
air-cooled condenser. The Avhole length of the condenser is 260 mm. and the 
coiled portion consisting of si.x coils is 100 mm. long and 10 mm. Avide. This con- 
denser is a modification of the one .suggested by Breh." 

The glass rod is 220 mm. long and 5 mm. in diameter. 

PROCEDURE 

Determination of Total Cholesterol. — When a determination of the total 
cholesterol only is rccpiired, the folloAA-ing procedure is to be folloAA-ed: 

Place 0.5 c.e. of o.xalated blood into the extraetion tube and add approx- 
imately 2 Gm. of anhydrous sodium sulfate and exactly 10 c.c. of chloroform. 
Mix Avith a glass rod to a homogeneous mixture by ])ressing and rubbing the 
rod against the AA'alls < r the tube. Hold up the extraction tube in a perfectly 
vertical position IcA'^el aI:;; your eye, and AAuthout remoA’ing the rod, read the 
graduation mark at the meniscus of the chlorofoiTii. Attach the condenser to 
the tube Avithout removing the rad, and heat gentlj^ OA'er a mieroburner or an 
electric heater for ten minutes. AIIoav to cool for a fcAv minutes, detach the con- 
denser, and stir up the poAvder thoroughly AAoth the rod. Attach the condenser 
and heat for ten more minutes to complete the extraction. AIIoav to cool to room 
temperature and add chloroform to the original graduation mark. Mix well AAdth 
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the rod and filter through a very small piece of absorbent cotton packed some- 
what tightly in the stem of a small glass funnel. Keep the funnel covered with 
a watch glass to prevent evaporation. 



Transfer o c.c. of the chloroform e.vtract to a test tube. In anotiier te.st tube 
P ace a c.c. „t ,l,c cvorldn- standard (cqnal to 0.4 nt- cl.olc,lc«T) Pltl fte 
standard and ,1„ in a beaker of water kepr between Stcan^^^c c! 
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Add to eadi tube 2 c.c. of acetic aiiliydride and 0.1 c.e. of concentrated sulfuric 
acid. Cover tlie tul)es with clean diy corks, nii.v contents, and set aside in a dark 
place for twenty minutes. Coin])ai-e colors in the colorimeter by setting (he 
.standard at 15 mm. 

Calculation of Result . — 

2400 

— — Jlilligi'am of cholesterol per 100 c.e. of blood. 

X = Heading of the unknown. 

Determination of Total Cholesterol and Cholesterol Esters. — Place 1.5 c.e. of 
oxalated blood into the extraction tube and add a])i>roximately 6 Gm. of an- 
hydrous .sodium sulfate and exactly 15 e.c. of chloroform. Jlix well with the 
rod and note (he graduation mark at the meniscus of the chloroform. Extract 
for twenty minutes aud fdter through ab.sorbent cotton, following all the steps 
already described under the determination of lotid cholesterol. 

Transfer 2.5 c.c. of (he chloroform to a test tube and add 2.5 c.c. of chloro- 
form. Stojjpcr with a clean cork and .set aside for tiic determination of total 
ehole.sterol. 

Transfer 7.5 c.c. of tlie eliloroform extract into a lest lube (20 x 150 mni.). 
This is for the determination of cholesterol esters. Place this tube in a water 
bath healed to about 70° C. until all the chloroform is driven ofT. Cool to room 
temperature and add 9 c.c. of petroleum ether (13. P. 30° to 60° C.) and 0,1 c.c. 
of digitonin .solution previously healed to j)ul in .solution. Cork the tube and 
.shake well; the cholesterin digitonidc is precipitated immediately. Allow to 
.stand for a few minutes and filter through a small piece of cotton tightly packed 
in the stem of a small funnel. In this ea.se the cotton has to be packed very 
tightly .so that no particles of digitonidc can pa.ss through. 

Kemove 6 c.c. of the petroleum ether filtrate into a similar large te.st tube 
and place in the watei' batli at about 60° C. until all the petroleum ether is com- 
pletely evaporated. Allow tlie tube to cool to room temperature and add 5 c.c. 
of chloroform. This contains the cholesterol cstcis; only. 

Into a third tube place 5 c.c. of the cholesterol working standard. 

Place the two unknowns and (he standard in a beaker of cold water at a 
temperature between 20° and 25° C., and to each tube add 2 c.c. of acetic an- 
hydride and 0.1 c.c. of concenti’atcd sulfuric acid. iMix the contents and put the 
beaker in a dark place for twenty minutes and compare in the colorimeter with 
the standard set at 15 nun. 

Calculation of Results . — 

Total Cholesterol : 2,400 divided by reading of unknown 

= milligrams per 100 c.c. of blood. 

Cholesterol Esters: 1,200 divided by reading of unknoAvn 

= milligrams per 100 c.c. of blood. 

Precautions. — The color develojAed by the action of acetic anhydride and 
sulfuric acid on cholesterol changes rapidly on removal from the Avatcr bath 
and on exposure to light. Since this change is at a different rate in the standard 
and in the blood extracts, it is impoi-tant that the colorimetric matchings be made 
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as rapidlv as possible after removal from the dark. It should not exceed thiee 
minutes. 'When a large number of cholesterol determinations are to be per- 
fonned simultaneously, it is advisable to set up a number of standards and use 
a new standard every three minutes. Each standard is removed from the beaker 
simultaneously with the unknoums to be read. As this x’eaetion is also seriously 
affected by water, it is important that all glassware used in this test be per- 
fectly dry. 

DISCCSSIOX 

A number of experiments were conducted to check the accuracy of the 
method. The first step was to detemine whether this method of extraction re- 
moves all the cholesterol from the blood. A series of extraction tubes were set 
up with O.D c.c. of blood in. each. Cholesterol in increasing amounts were added 
to each successive tube. As is sho^vn in Table I, the added cholesterol was com- 
pletely recovered uithin experimental error. 

T.\ble 1 


Eecovepa' or Added Cholesterol FROit Blood 


TUBE 

ORIGIXAL 
CHOLESTEROL 
CONTEXT IX 0.5 
C.C. OF BLOOD 
(MG.) 

ADDED 

CHOLESTEROL 

(MG.) 

CHOLESTEROL 
IX EACH TEBE 
(MG.) 

C.ALCITLATED 
AMOUNT or 

cholesterol 
IX lOO C.C. or 
blood (mg.) 

amount of 
cholesterol 

RECOVERED 

(MG.) 

1 

0.88 

Itone 


176 

176 

2 

0.88 


1.28 

236 

249 

3 

0.88 


1.6 S 

336 

330 

4 

0.88 

1.2 


416 

4:00 

5 

0.88 

1.6 

2.4 S 

496 

487 

6 

0.88 

2.0 

2.88 

576 

565 


In another experiment cholesterol equivalent to 1,200 mg. per 100 c.c. of 
blood was dissolved in petroleum ether and precipitated with digitonin. The 
petroleum ether filtrate was evaporated and replaced by chloroform. Treatment 
■with acetic anhydride and sulfuric acid failed to develop any timee of color, 
thus sho-wing that the digitonin solution as used in this method completely 
precipitates free cholesterol. 

RECO^'ERY OF CHOLESTEROL E.STERS 

In this experiment cholesterol estei's in increa.sing amoimts were added to 
blood. The cholesterol ester’s were extracted from 100 c.c. of pooled blood mixed 
in a large flask ufith anhydrous sodiimx sulfate and extracted nfith chloroform. 


T.^ble II 

Recovery of Added Cholesterol Esters From Blood 


TUBE 

OP.irfIKA.E KSTEK 
CONTEXT IK 1.5 
C,r. OF BLOOD 
(MO.) 

ADDED ESTERS 

(mg.) 

TOTAL ESTERS 
(MG.) 

cai.culated 

AMOUNT OF 
ESTERS PER 100 
C.C. or BIDOD 
(MG.) 

CHOLESTEROL 
esters RECOV- 
ERED PER 100 
C.C. or BLOOD 
(JIG.) 

1 

o 

4 

5 

D.D'.'. 

0.P3 

0.P3 

0.9.'; 

0.P3 

18 one 

0.5 

1.0 

::.o 

.5.0 

- O.P;: 

1.4.3 

1.93 

3.93 

5.93 


61 

94 

131 

250 

388 
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Tlie free cliolesterol wis completely reinovcfl with dijriloniii, jukI the cholesterol 
esters were dissolved in chloroform. Fifty-.seven milligrams of cholesterol estei-s 
were obtained, as shown by a quantitative estimation. A^arying amounts of these 
cholesterol esters added to samples of blood were eomjrlclely I’ccovered. This 
is shomi in Table II. 

itlore than four hundred determinations were perfoi'med by this method 
on blood coming to the laboratory for routine chemical examination. The aver- 
age figure for total cholesterol in normal blood was about 180 mg., and the aver- 
age ester content about Go mg. jrer 100 e.c. of whole blood. 


SITMMAKY 

A simple and accurate method for the determination of total chole.sterol 
and cholesterol esters in blood is de.sci-il)ed. The blood is mixed with anhydrous 
sodium sulfate and extracted with chlorofoi-m. One aliquot irortion of this e.x- 
tract is used for the determination of cliolesterol e.slers after removing the free 
cholesterol with digit onin. The extracts are treated with acetic anhydride and 
sulfuric acid and compared colorimctrically with a standard cholesterol solution. 
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^\[ICR0CHE:\[ICAL DETEmilNxVTIOX OF YELLOW PHOSPHORUS' 


Liect. Sidney Kaye.t U. S. xVrmy 


P hosphorus is one of the move commonly knoY/n elements. It is, there- 
fore, fittinsr and important that aceurate, specific, and sensitive methods for 
its detection and detennination should be available. The literature describes 
several satisfactory procedures based on grammetric, volumetric, and eolorimeti’ic 
analyses. A nmv method for the confirmation and ciuantitative determination is 
herein described, usmg a spot test color reaction which is confined to a standard 
area the color intensity of which is proportional to the concentration of phos- 
phorus present. This new method is not only specific and sensitive but also very 
simple. Its principle is based upon the formation of phosphine which in turn 
easily reduces a mercuric bromide test paper, yielding a canary yellow color. 

Phosphorus may exist in several forms ; the best known of these are yeUow 
and red. Red phosphorus is considered by most authorities as nontoxic, whereas 
yellow phosphorus is verj^ toxic and 0.1 Gm. has been recorded to be fatal. The 
method outlined here is applicable to yellow phosphoms only and is satisfactory, 
since our interest is primarily from a toxicologic viewpoint. Yellow phosphorus 
is used commonly in rat poison pastes and acute poisoning is usually accidental, 
but suicides and homicides have been recorded wherein phosphorus had been 
used. 

Phosphorus may remain in the system for several days, but the greater the 
delay in obtaining the specimen, the less is the possibility of detecting it. The 
procedure of isolating it for analysis depends upon its volatility. Stomach con- 
tents are best suited for analysis. 

A brief summaiy of the toxicology of phosphorus is included in this paper 
for completeness. 

Symptoms. — Progres.sive pain and bunring along the ga.strointestinal tract, 
with belching, choking, vomiting, and diarrhea are present. The foUoving ad- 
ditional sjTuptoms are frequently noted: garlic odor on the breath, jaundice 
of the skin, bleeding from the nose and intestines, muscular paralysis and im- 
paii'incnt of the special senses. Terminally, stupor, delirium, and coma occur. 
Death occurs usually within two to six days. 

Treatment . — Wash the stomach with 1 per cent pota.ssium permanganate 
and large amounts of suspended charcoal. If done quickly, this may be effective. 

rost-Mortem Pafhotoyy.—Thcvc is corrosion of the mucous membrane of the 
gastroin testinal tract, with fatty degeneration and acute yellow atrophy of the 

I-borator,-. san Puerto Rico, lieutenant 

I-lpvitf nanl, Panitarj’ Corp.c. 

Ilocoiveil for itubUcation, Mny 1C, 1942. 



226 


THE .lOUKNAE OF LAIiOUATORV AND CTANICAE JIKDICIXE 


liver. The stomaeh conteiils, as a i-nle, have Ihe odor of garlic, and if viewed in 
the dark, give off a greeni.sh pliosphorc.scenl liglit. 

Chemical Analysis . — Tlie following qualitative tests have been used to 
identify phasphorus ])ositively : 

1. Odor: The garliclike odor may he recognized on oj)ening the stomach. 

2. Scherer’s te.st : A portion of the finely divided material is placed in an 
Erlenmeyer flask and suspended in distilled water. Two striiis of filter paper 
are suspended over the susiieetcd .sample, one impregnated with silver nitrate 
and the other with lead acetate. The contents are heated at about 60° C. on a 
water bath for approximately an hour. If the silver nitrate jiaper turns black, 
either pho.sphorus or hydrogen sulfide may be jircscnt. If both papers turn 
black, hydrogen sulfide is iircscnt and iiho.sphorus may also be present. The 
fact that the silver nitrate jiaper turns black is not conclusive proof of the pres- 
ence of phosphorus, since any volatile reducing agent, such as formaldehyde, may 
also give the same reaction. Therefore, this test is more important in indicating 
the absence of phosiihorus rather than its presence. 



A NEW QUANTITATIVE TEST FOR PHOSPHORUS 

A weighed aliquot of the sample is transferred to a steam distillation ap- 
paratus with about 100 ml. of water and an ice-cooled receiver is used to collect 
the distillate, as illustrated in Fig. 1. The light from the Bun.sen burner is 
shielded by a sheet of asbestos to prevent any interference in the visual detection 
of the phosphorescence emitted. The distillation is performed in the dark, and 
the distillate is collected in a small volume of 0.5 N silver nitrate, which is cooled 
in a 125 ml. Erlenmeyer flask immeused in an ice bath. Greenish phosphorescence® 
may be seen as the phosphorus vapors reach the condenser. As little as 60 
gammaf in 200 Gm. of material give a good phosphorescence. However, in the 
presence of alcohol, ether, benzene, turpentine, phenols, chloroform, essential 
oils, oxidizing agents, mercuiy, copper, and silver there may be a marked 


•Mltscherlich’s phosphorescence test. 
fOne gamma = 0.000001 Gm. or 0.001 mg. 
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diniiniitioii or complete alrseuee of the phosphorescence. Tlie di.stiIlation. is con- 
tinued until about To ml. are collected. As the first traces of phosphoru.s come 
over into the silver nitrate .solution, a black precipitate of .silver pho.sphide forms. 
After about 7.5 ml. have been collected, it will be noticed that on continued 
distillation no further precipitate forms. Silver phosphide is a heavy precipitate 
and settles rapidly. The supernatant liquid is siphoned off without disturbing the 
precipitate, leaving a small amount of liquid behind. The precipitate is then 
washed in the flask with sev'eral portions of distilled water to remove the la-st traces 


, MERCURIC BROMIDE 
^^SEHSITlZtO P*PER 


it 


/ V COTTON impregnated 
L ^WITM LEAD acetate 



SILVER PHOSPHIDE 
COPPER SULPHATE 
H SULFURIC AGIO 
ZINC 

Fie:. 2. 



SIDE VIEW (TWO UNITS ASSEMBLED) 



of any adhering .silver nitrate. The supernatant fluid i.s again siphoned oft'. Two 
wasliiiigs usually suffice. The washings are te.stecl for silver ions by a chloride solu- 
tion. If the precipitate is scant in tlie receiving vessel, make up volume to 50 ml. 
with water. If the precipitate is heavy, dilute to a larger known vohnne with water. 
Swirl the solution well so as to divide evenly the precipitate, withdraw a recorded 
small aliriuot portion, and add it to a previously prepared modified Gutzeit an 
paralus (Fig 2). This is essentially a 125 ml. Erlenmeyer fla.sk eontainbm 
some arsenic-free zine, several drop.s of .5 per cent copper suKate solution to 
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activate tlie proeesa, and 25 to 40 jnl. of 20 per eoiit siilfurie acid. Tlie amount 
of sidfuric acid u.scd .slundd be .sufficient to dissolve the precipitate in the aliquot 
added: exee.ss does not interfere. The .stopper in the lla.sk .sui)i)ort.s a .small cal- 
cium chloride drying lnl)e into Avhicli is jdngged some cotton impregnated witli 
lead acetate. Above this lul)c is attached a set. of flanges” I)et\vee)i which i.s 
placed a disk of mercuric bromidef .sen.sitized filler paper. On contact of the 
silver phosphide with tlie hydrogen generating solution, phosphine is lilierated. 
The generating llask is ke},)t ivarm on a water hath at about 50° 0. Phosphine 
travels upward and is juiri/ied from hydrogen sulfide by pa.s.sago through the 
lead acetate cotton. On reaching the llanges when it contacts the moi.slcned 
mei’Ciu'ie biumidc paper, a yellow color results which is directly iiroporlional to 
the phosphine produced. Since the bore.s of the several flanges arc uniform, com- 
parisons can be made with phosphorus standards preimred in a similar manner. 
This color reaction is sensitive to le.ss than 10 gamma of phosjihoru.s. To be cer- 
tain that the zinc and other reagents are ar.senic and phosphorus free before 
adding the .silver pho.sphide, hydrogen i.s liberated for .some time and then the 
filter disk is examined. If this proves negative, the silver pho.si>hidc is then 
added and the flanges arc ]nil in ])lace. The generator is allowed to run for about 
half an hour. The yellow color standard.s. when once jirep.-n-ed, ai-e fairly stable 
and can bo kept for .several months if dry. 

Oilier Vsex (or the Microchcmiral Flunuc. — 'I'he flanges described promise to 
be of great value for quantitative determinations in both gas and .solution 
analyse.s where the intensity of a color reaction, which i.s proportionate to known 
amounts of the .substance concerned, can be recorded. 

Their use is being studied for the determination of .snlfide.s, cyanide.s, 
alcohol, phenol, and other volatile.s. For substances i7i solution which give 
brilliant graded coloi's with a detector, the flanges also liave proved siicccssful. 
A rapid method for the detection of lead in urine has been perfected and will be 
published later. The flange device was u.sed in the Chemical Laboratory at 
Bellevue Hospital, New 5'ork City, while .seeking more accurate and sensitive 
methods for the dclcrmination of ai’senic. A i)a]>ei' on the subject i.s in jwogress 
and will be pul)lished fi'onr Bellevue IIo.si)ital. 

Its broader application has been .successfully demonstrated in the past few 
months at the Puerto Hican De]>ai’tment Laboratory. 

.suxrjrARY 

A brief review of the to.xicology of phosphorus poisoning is given. 

A new si>eeific method for the (piantitative microdeteianination of phos- 
phorus is described. 

The principle involved depends upon trapping the phosphorus as silver 
phosphide, generating the phosphine by hjnlrogenation, and measuring the phas- 
phine generated on a mercuric bromide filter disk. The color developed is a 

•The Canges may be purcliaseci cheaply from Eck & Krebbs or IS. Macblett & Sons, both 
of New York City. 

tMercviric bromide sensitized paper is prepared by cutting round disks of miatman No. 40 
filter paper which are impiegnated with 5 per cent mercuric bromide in 95 per cent alcohol 
for about five minutes. After sliaking the droplets off, a disk is fastened between tlie flanges 
with a rubber band. 
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measure of the amount of phosphorus present and is determined by comparison 
■with standards similarly prepared. 

The microchemical flanges arc a new device •which may he used in a similar 
manner for other determinations, some of -^vliich have been mentioned. 
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QU^VLITATIYE STUDIES OF THE BILIRUBIN IN BODY FLUIDS- 


II. A COMPARkSON OF THE DIRECT DUZO REACTION BY THE PHOTOELECTRIC 
Colorimeter, the Three Test Tthie ^Iethod, and the Oxidation 
Test in Xanthochroihc Spinal Fluid 


Gf.org Lepehne, il.D., Boston, illASS. 


I N A PRECEDING paper* qualitative studies of the bilirubin in blood serum 
by comparison of the direct diazo reaction usmg the photoelectric colorimeter, 
the three test tube method, and a new qualitative oxidation test for differentia- 
tion of the various tj-pes of .iaundice tvere reported. In this paper similar .stud- 
ies concerning the bilirubin of xanthochromic spinal fluid -wiU be presented. 

method 

The xanthochi-omic spinal fluid 'was examined by the methods described in 
the preceding paper ; the direct diazo three test tube method ■with use of caffeine- 
sodiimi salicylate,- the direct diazo photoelectric colorimeter method of Halloy 
and Evelyn,’ and the qualitative oxidation test tube method* using a reagent 
consisting of nitric acid and sodium nitrite. 


RESLTLTS 


In 8 specimens of xanthochromic .spinal fluid ( hemorrhages, tumor, operation 
of the brain) the direct diazo photoelectric examination and the three te.st tube 
examination were done. In addition 7 specimens were examined by the three 
test tube method alone. In all 8 specimens the photoelectric direct diazo curves 
.showed a definitely delayed, very slow ascending tjqie of curve. On rivo speci- 
mens with the total bilirubin content of 2.28 mg. per 100 c.c. and 3.79 mg. per 
100 c.c., respectively, in which the three te.st tube method revealed a bipha.sie- 
delaycd direct diazo reaction, cun'cs of delayed type were obtained too (see 
Fig. 1 ) . Tliose cuiwes are very similar to those found in sera with delayed direct 
diw/.o reaction (hemolytic jaundice, jaundice of the newborn, etc.).* Thev are in 
clear c onti-ast to the prompt direct curves obtained in serum of obstni’ctii'e or 

’From the Deiinrtmcnt ot Medicine. Bo.^ton Univcr.=itv .School of in-dicin., 
for publication. Aufaist IS, 1942. 
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cateiT’lial jaundice. The indirect diazo reacliou followinp: the addition of methyl 
alcoliol gave the u.sual .steeply a.scending eurve.s (.see Fig. 1). Jn order to express 
the signifieanee of the direct curve.s in i-alio.s the one-minute and the fhirly-miniite 
readings of the direct curve.s were compared with each other and vith the one- 
minute and with the thirty-minute values of the indirect curve.s, as in the fimt 
paper (see Table I). On the average, llic direct curve reached in one inimite 
was 15.4 per cent, in thirty minuto.s, 36.2 jjcr cent only of the total hilinihin 
content. The corresponding i-atios in sera with delayed diirct diazo i-caetion 
I'oported in the preceding paper were very similar, while the ratias iii the j)ronipf 
reacting sera of obstructive and catarrhal jaundice were entirely difi'ei'ent. 

TAIIt.K ] 


CoMi’AinsoK or Qcai.it.vtivk a.nm) Qvantitativi: ItKACTioxs 
Xa.\tiiociii!o.mi(’ .Sci.v.u, Ki.riii 


NO. 

TOTAL 
TKOTKIN 
(MG. VKn 

JOO (\r.) 

TOTAL 

niLIIU'HIN 

(MO. TKU 
300 C.C.) 

1 MI.X. 
mr.KCT/ 

.‘fO .MI.X. 
ixinr.KcT 
(7c) 

1 MIX. 
miiKCT/ 

1 Ml.V. 
1.S-I>1UKCT 

(7r) 

1 Ml.V. 
Dir.KCT/ 

;u) Ml.V. 
imaxT 
(7c) 

.’iO MIX. 

.70 MIX. 
DlnKOT/ 
IXKir.F.CT 

(7c) 

1 

108 

0.4 


22.7 

55.4 

.77.0 

2 

219 

0.0 

17.7 

20.5 

i.'i.O 

40.9 

«> 

«.» 

570 

0..S 

12.5 

18.2 

I>0.5 

.71. .7 

4 

110 

0.4 

I!?.? 

14.0 

.'i7.4 


5 


0.0 

27.1 

:>5.r) 

54.0 


(5 


1.0 

1S.7 

29.5 

20,0 


7 



10.1 

15.:', 

:!0,7 


s 

■bH 


4.S 

0.1 

20.9 


Average 

1.7.4 

20.;{ 

.7.9.2 



The three test tube dii'cct diazo reaction was canoed out in 15 .sj)ecimen.s of 
xanthochromic spinal fluid, and in 13 .specimens the reaction was definitely de- 
layed. The first slight rednc.ss developed in 10 cases within an average time of 
five and one-half minutes. In .5 cases the red color had not developed within 
one hour. The change to jnirple color, described in the fii-st connnunication, 
was not seen. The longest j)eriod of ot)servation was two and one-half houi’s. The 
two specimens with the high bilirubin level (Table I, Nos. 7 and 8) showed by 
this method, in contra.st to the delayed photoelectric curves, a biphasic-delayed 
direct diazo reaction. Immediately after addition of the diazo reagent a trace 
of redness developed, but the red color increased \ery slowly. The comparison 
of the three test tube method with the ])hotocloctric method .shows that the 
photoelectric readings are higher than one should expect according to the very 
slow development of the red color in the test tube method. This fact .seems to 
depend on the greater accuracy of the photoelectric Tiiethod to detect the color. 

Vaughan and Hubbard^ claim that every xanthochromic spinal fluid gives 
a “prompt” direct diazo reaction when the bilirubin content exceeds 0.3 mg. 
per 100 c.c. But one must consider that their expression “prompt” direct 
diazo reaction includes also biphasic-prompt and biphasic-delayed direct re- 
actions’ according to the usual nomenclature, so that their results are confusing. 
In our specimens a really prompt direct diazo reaction was not observed b.v our 
methods in spite of the fact that the bilirubin content was higher than 0.3 mg. 
per 100 e.c. (Table I). These authors also believe that the t'^'pe of the direct 
diazo I’eaction in xanthochromic liquor with a bilirubin content below 0.3 mg. 
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per 100 e.c. depends upon the total protein content. In our cases ivith higher 
bilirubin values the total protein content ranged from 49 mg. to 3,720 mg. per 
100 c.c. and did not influence the tj’pe of the reaction. 

The oxidation test ivas made in 14 specimens of xanthochromic spinal fluid. 
In 12 cases the test ivas "negative” (a straw color developed or the color did not 
change at all). In the two specimens with higher bilirubin content, which gave a 
biphasic-delayed direct diazo reaction, the oxidation test was " diminished-de- 
layed” (a slight yellowish-green color appeared twenty to thirty seconds after 
addition of the reagent). In order to control the oxidation test a drop of serum 
of obstructive .iaundice was added to a specimen of colorless liquor. A real green 
color developed immediately ("prompt” oxidation test). 



20' 40' I' 2' 3' 4’ 5’ ro' 20' 

XANTHOCHROMIC SPINAL FLUID : DELAYED 


Fig. 1. — “Delayed direct diazo reaction" in a case of xanthochromic spinal fluid. 


DISCUSSION 

These examinations reveal that the bilirubin in xanthochromic .spinal fluid 
gives the same qualitative reactions as the bilirubin in sera of hemolytic jaundice, 
of .jaundice of the newborn, and of the nonhemoh-tic familial jaundice. These 
results support the theory that bilirubin giving such reactions is of anhepatie 
origin. Bilirubin in the blood of this tj-pe apparenth' did not pa.ss the excreting 
liver cells. Tlie liver cells change the direct diazo reaction from delayed to 
prompt (van den Bergb.' Aschoff,' INIcXee,' Lepehne,® Eppinger,® and other 
autboi-s). The described examinations also reveal, as did the examinations on 
jaundiced serum,’ that even in xanthochromic spinal fluid a really "negative”' 
direct diazo reaction docs not exist, when observation time is lomr’cnoueh. The 
direct diazo reaction can be. generally .speaking, either prompt biphasic or 
delayed, but uot negative. ’ ' 
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suMjrAin’ 

The l)iliriil)in oj‘ Ximlliocliroinie spinal fhiifl wis examined I)y llic direct 
diazo three lest lube method, l)y the direct diazo idioloeleelrie mctliod, and l)y 
the oxidation lesl. The dii'ec't diazo reaction ■was delayed or 1)iphasic-delaycd, 
and the oxidation lest netrafive or diminislicd-delayed. The total protein con- 
tent did not influence the fy])e of the reaction. This bilirubin is of the .same 
type as that in llie blood serum in hemolytic, jaundice and jaundice of the new- 
born. 
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A SIMPLE iilETHOI) FOR DETERMLXINtl PLASMA DENSITY AND 
PLASJIA PROTEIN ('ONCENTRATK.IN® 


Emc Po.NOFR. M.D., D.Sc., 3Ii.vi;ola, L. I. 


I N THE course of an investigation on \v;ilcr balance and ])Jjisma jn-otein con- 
centration I have had occa.sioii to make largo numbers of iilasma protein de- 
terminations by a modification of flic Lindcrstrpm-ljang method for measuring 
density, which is so convenient and accurate lliat it is ivortli while drawing at- 
tention to it. 

The only apparatus required is a glass cylinder of 100 to 200 ml. capacity, 
graduated in milliliters. At least every 10 ml. graduation mark should lain all 
around the cylinder, so as to enable one to avoid parallax in making readings. 
The cylinder is placed at eye level on a ivelJ-Iit shelf shielded from drafts, in 
a room in which rapid cliange.s of temperature do not occur. It is half-filled 
with a brombenzene-kerosene mixture of density 1.0485, made by mixing 35 
ml. of brombenzene and 65 ml. of kerosene (density of brombenzene = 1.497 ; 
density of kerosene = 0.807). On top of this is laj'ered about 50 ml. of a ligliter 
mixture of density 1.0210, made up of 31 ml. of brombenzene and 69 ml. of 
kerosene. A rod, ivith a ring which just fits inside the cylinder at right angles 
to it, is moved gently up and down about a dozen times in the region of the 


♦From the Nassau Hospital, Mineola. 
Received for publication, Aug:ust 25, 1042. 
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interface between the heavier and the lighter fluids, and in this way a remark- 
ably even gradient of density is produced, usually between the 20 ml. and the 
the 80 ml. marks on the graduation of the cylinder. 

A series of standards are prepared from the commercially supplied potas- 
sium sulfate standard of density 1.0551* by the addition of distilled water in 
proportions indicated in Table I. These standards ai*e kept in dropping bottles 
with well ground-in pipettes. A drop of each standard is dropped into the fluid 
in the cylinder, through which it descends until it reaches a level with a density 
the same as its own. The drop is formed on the end of the pipette, dipping be- 
low the surface of the fluid; on withdrawing the pipette, the drop breaks off. 
Its size is not A-eiy important, but 5 to 15 c.mm. is a convenient size. In this 
way the variations in the density gradient in the cylinder are marked off by the 
position of the six drops of knoum density, which correspond to six readings on 
the scale on the cylinder. In making the readings, care must be taken to avoid 
parallax. If the densities of the drops are plotted against their position on the 
scale, a remarkably good straight line usually results, showing that the deusity 
gradient is linear. Even if it is not, the graph can be used for finding the density 
of the gradient at any level. If the gi'adient changes, as it may on account 
of variations in temperature, etc,, the positions of the standard drops change 
udth it, and thej’ always mark the six positions of their own densities. 


Table I 


I ) =: 1.0551 

ML. 

water 

ML. 

P OF ItlXTXntE 

COF.P.ESPOXnS TO 
PROTEIX, GJI. PEP. 

100 C.C. 

18.0 

12.0 

1.0330 

8.89 

16.5 

13.5 

1.0303 

7.96 

15.0 

15.0 

1.0276 

7.04 

13.5 

16.5 

1.0219 

6.11 

12.0 

18.0 

1.0221 

5.17 

10.5 

19.5 

1.0193 

4.23 


If a drop of plasma from heparinized blood is allowed to faU through the 
fluid in the cylinder in the same way, it Mill stop at a position in the density 
gradient, which corresponds to its own density. A reading of this position 
on the scale and reference to the graph for the positions of the standard drops 
will give its density immediately, and its protein content can be found from 
the density in the usual way from tables, or from a graph prepared by plotting 
the last two columns of Table I. Since the lipoids of the drop and the brom- 
bcnzene and kerosene are not mutually altogether insoluble, the drop tends to 
sink slowly from the position which it first assumes, and so its position should 
be read after a standard time, e.g., one minute from the moment it is dropped 
into the cylinder. For the same reason, small drops are better than large ones, 
and 5 to 10 c.mm. is a convenient size. I use medicine droppers drawn out into 
capillary pipettes for forming the drops. 


When some experience has been gained, the method %vill be found to give 
value.s for plasma protein concentration con-cet to ±0.1 Gm. per 100 c.c. This is 
not as high a precision as is claimed for the falling-drop method, but both 
methods have the weakne.ss that what they measure is plasma den.sity which 
.lepends on protein concentration only when the lipoid content is comstant and 
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SO a precision sufficient to measure ±0.0003 in llie figure for density is enough for 
all clinical piui)ose.s. The method is convenient in pi'actice, and at lea.st 20 de- 
terminations can be made before tlie fluids need replacement and a new gradient 
has to be formed. Unwanted drops can be removed by touching tliem with a 
small piece of rvet filler paper attached to the end of a capillary pipette. The 
drops adhere to the paper and can be pulled uj) out of the bi’omhenzcne-kero.sene 
mixture. 

IlKrERENCE 

LinderstrjOn-Lang, IC.: Disfrilmtion of Enzx-mc.-! in Tis-suo.'; and Colt“, Il.arvcv Lecture 34; 

234, 3930. 

SoIution.s of .‘Jtandnrd dcn.>.-ltj- u.‘;ed In the falllnc-drop niotliod for deterniininfr density 
are supplied by Elmer and Amend, Xcw Vork. and other .■sclentlflc npparalu.s houses. 



MEDICAL ILLUSTRATION 


A SIMPLE TECHNIQUE FOR TIME LAPSE CTNE:\IICR0GRAPHY* 


Adrianus Pr.JPKR, M.H., D.Sc., and Laurik B. Poole 
Pretoria, South Africa 


PURPOSE OF THE JIETHOD 

N ew methods lead to new findings. Cinematography in many laboratories 
is still a novelty. Photogi’aphing the .siib.]’eet through a microscope at ordi- 
narj' speed may show nothing beyond what the eye has noticed already, although 
even here the film often records something that has escaped detection by the eye 
alone. Slow motion einemierography anah'zes movements too rapid to be ob- 
served by the human eye. In time lapse cinematography and einemierography 
we have methods that make msible what no human eye has the patience or the 
facility to obseiwe. 

Time lapse cinematography is the process of taking pietiu’es at a slower 
rate than the one at which they are eventually pro,)ected. ^Movements too tedious 
or too slow to be watched can thus be condensed into processes which are easily 
followed on the screen. Audiences are familiar with the method as applied, for 
instance, to the imfolding of a flower. In time lapse einemierography the same 
method is used but tlie pictures are taken through a microscope. 

New methods can only bring results in proportion to the frequency with 
which they are used. Time lapse cuiemicrography so far has not been applied 
widely. The hesitation to put into regular use a method so full of possibilities 
is largely caused by technical considerations. We believe that the technical diffi- 
culties of the method are overestimated. Considerable work in this field has 
been done liy Comandon. Splendid apparatus has been built by Rosenberger,^ 
Harris,- and by Roger,® but we feel that excellent results can be obtained by 
mueli simpler methods. In this paper we wish to .show that time lapse cine- 
micrography is within the reach of most biologic laboratories. Our apparatus 
has been built by the .simple.st passible means and can be set up on an ordinary 
laboratory bench. 

SPEED CONTROL 

The chief part of the .speed control is an ebonite disk, measuring fii/, inches 
in diameter (Pigs. lA and 2A), which revolves once a minute. It is driven by 
an ordinaiy electric clock motor (Fig. 27?), which is operated on 60 cycle alter- 
nating electric current. There are 60 small equidistant holes drilled throush 
this disk on a circle near the periphery. Tapering steel jiins can be pushed into 
these holes. As the disk rotates, these pins make electric contacts which activate 
the shutter between the lamp and microscope, and also drive the camera and a 
counter. 

•From Dr. .V. Pijpor’.*! private laboratory'. 

Received for publication. July ao. l?42. 
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It is obvious tliat llic loiigcsl la])sc oi’ liino available -witli this apparatus 
is one minute, and the shortest time is a soeond. In addition, one can work at 
any number oI seconds in between these two values by chan{|ing the miinher of 
pins on the disk. Up to the pre.scnl we have found this time control ample for 
our requirements. 



Fig. 1. — Side view of the apparatui;. 


A diagram of the wiring is given in Fig. 3. The steel pins make contact 
bj^ depressing the metal tongues as they go through the lowest point of their 
rotation. The longues are placed on lop of one another and are arranged so 
that the one that activates the shutter between the lamp and microscope keeps 
this shutter open long enough for the tongue that works llic camera to expose 
the film. The counter (Pigs. 10 and 20) is added in order to check the number 
of exposures made but is not an essential part of the apparatus. 

SOURCE OP UIGIIT 

An Ediswan Pointolite lamp of 100 C. P. is used (Pigs. IP and 21)). 
A stronger lamp would be better but is not procurable under present conditions. 
An arc lamp, of course, is too unsteady for this kind of work. Tlie shutter be- 
tween the lamp and microscope (Pigs. IE and 2E) is made of light metal and is 
essential because it prevents exposure of the microbes to continuous light. It is 
lifted by a solenoid (Pigs. IP and 2P) and drops by its omi weight. The shut- 
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ter can be kept raised permanently by pushing a lever (Fig. W) to the left. 
This is useful for making acl.iustments to the microscope. 


THE JllCUOSCOPE 

We use the large Zeiss stand FCG, as sliomi in Figs. 1 and 2, but any 
other heavy stand n’ill seiYe. Since the dark field is the method of choice for 
this class of work, we use the Siedentopf cardioid condenser. To date we haA’e 
worked mainly with fungal material, and a suitable combination of lenses was 
found in the Zeiss apochromat ob.iective x60 with iris and the Zeiss compensating 
eyepiece x7. .We have also used the Zeiss compensating eyepiece xlO. The 
distance between eyepiece and film is about 15 cm. These combinations resulted 
in magnification on the film of x200 and x310, respectively. 



Ele- 2 — Front view of the apparatus. 


THE PREP.AR.VTIOX ON THE SLIDE 

For studying the growth of monilias, yeasts, and other fungi we plaee a 
small drop of a fairly thick suspension of spores on a microscope slide. A drop 
of melted Sabouraud agar cooled down to about 50° C. is added, and a cover 
slip is dropped on rapidly. Previous setting of the agar and movine of the cover 
sdip must be avoided, since these lead to the formation of channefs in the amar 
tilled With tlun fluid in which the spores swim about instead of Ivin"- still in .solid 
agar. 1 etroleum .ielly is applied around the cover slip. The nfierosoone is then 
adjusted and the proper field is found in the usual wav. 
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Till-: CAMKHA 

Our eiiinerji is ;i slandiird Movikon, witli the lens I'emoved and replaced 
by tile beam splitter made by Zeiss for sueb ])ur|)oses (Fi^^s. MI and 211). Of 
course, any other make, or even a homemade one, will do. The one we use gives 
an additional magnification which is helpful in focusing. A suitable cap should 
be placed over the eye lens of the beam siditter (Fig. M), othenvise, as Barnard 
has pointed out,' e.xtraneous Jiglit may reach the film. A lightproof connection 
between the mierosco])e and camera is jirovided by a black velvet skirt (Figs. 17i 
and 2K) which fits into the sleeve around the eyepiece. The microscope and 
camera should not touch one another. 



The camei-a is supported on two Jiorizontal fiat iron bars, as seen in Figs. 
1 and 2. It rests only on the front one and the posterior bar carries an upright 
piece of metal to which the camera is clamped by means of a clamping screw. 
This screw threads into the hole at the base of the camei’a provided for that 
purpose. The two horizontal fiat bars also merely rest on the top of the iron 
stand which surrounds the microscope, as is .shown in Pigs. 1 and 2. From these 
illustrations it is seen that the camera can slide forward and backward with the 
two fiat bars along the two round iron bai:s included purposely. This is neces- 
sary for accurate centering over the microscope. Slight movements to the side 
during centering are best executed by changing the position of the microscope. 
Centering is done through the beam splitter, brrt the beam splitter itself should 
be centered bj’’ looking at the picture on the film through tire focusing magnifier 
which belongs to the camera (Pig. 2L). 
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PI.JPER-I’OOLE : 


The stand around the microscope consists of four uprights, which are con- 
nected by sufficient crossbars to keep the structure rigid and to allow access to 
the microscope. The microscope can lie handled easily with the stand in place. 
It can, however, be removed and he replaced again by means of the four brass 
cups (Figs. l.¥ and 2.1/) into which the conical ends of the four uprights fit 
tightly. These cups are screwed to the bench. 

The jMovikon camera posse.s.ses the es-sential single picture mechanism and 
is conveniently set in motion by means of a wire release (Fig. 2A''). This wire 
release is activated through a solenoid (Figs. 10 and 20), which is attached to 
a wall bracket and does not touch the stand or the eamera. 



Figs. 4 , . 1 , and C. — Frames from a film of budding ATonilia cells. 

Tile single picture mechanism of this camera does not allow an c.xposiire 
longer than second. This is ample for ordinaiy work but is insufficient for 
cinemicrography with a light source of 100 C.P.. unless (he lowest ma.gnifieation.s 
are ii.sed. In looking for a mean.s to lengthen tlic exposure, we found that the 
Movikon camera has a shaft or rewinding spimlle for making mixes ' This 
slmft protnulas through the housing and makes a half revolution diirimr c;eh 
exposure. It was decided to slow doum this shaft by attacl.ing to it the dial 
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of an aulomatic teleplione. The c.\i)o.siii‘e was thus inereased. Sucli a dial moves 
at a. fixed speed wliicli is controlled by a built-in goveiTioi'. In Fi"s. 1 and 2 the 
dial is slioAVJ) attached to an n;)ri"]it tliat is fixed to the posterior liorimital bar, 
to which the camera is attached in a similar manner. The dial center .si)iiullc is 
connected to the extended shaft of the camera by a universal coupling, a length 
of shafting, and a screw which is fitted onto the splined end of the coupling shaft. 
The splines and screw allow the dial to be disconnected quickly for winding the 
camera, but this eaiuiot bo done with the connection in i)lace. By such an ar- 
rangement we found that the shutter action of the single picture mechanism was 
slowed down to Yr, second. 

The use of the camera sjiring for moving the film eliminates the geared 
electric motors which are usually deemed essential for time lapse cinematography. 
Our plan prevents their vibration.s. The disadvantage of this method is that 
the spring must be wound at regular intervals. One winding sutTices for 20 feet 
of film, and at a speed of one jiicftirc a minute each winding lasts ten hours. 
Frequent insjicetions of the field arc necessary to make sure that nothing un- 
toward is happening. Therefore, the occasional winding of the spring is of 
no great consequence. 

VIDRATIOX 

The danger of spoiling cincmicrographic pictures by vibimtion is often over- 
rated. For speeds of 16 frames a second, for instance, or even 64 frames a 
second, vre have shown previously that it is (luito safe to ])lace both the camera 
and microscope on the .same iron optieal bench,''’' provided the eyepiece of the 
microscope docs not touch the camera and the .sj)ring of the camera is used to 
move the film. For our time lapse cinemicrography with its longer exposures 
we found it safe to place the whole outfit on an ordinary rvooden laboratory 
bench, if the precautions mentioned were observed. The weight of the camera 
with its attachments holds it steady. In addition, the camera with the posterior 
horizontal bar and the telephone dial can be lifted up and put aside as one 
piece by simply undoing the wire release from the camera. The anterior lion- 
zontal bar is loose and thus the microscope is ready for ordinary use at a mo- 
ment’s notice. 

There is still another feature to explain. We prevent vibration of the 
microscope by placing its base on soft rubber pads (Figs. 1(? and 2Q). It is 
held in place by a long fastening screw w'hich goes through a hole in the wooden 
bench and reaches the base of the microscope from underneath. The hole through 
the bench is lined with soft sponge rubber, and there is a rubber washer sepa- 
rating the head of the fastening scrciv from the bench beneath. This arrange- 
ment allows slight movements of the microscope from side to side and assists in 
centering. 

FILJIING OF BUDDING MONIUIA CELLS 

By means of the apparatus described we have made a film of budding 
Monilia cells, from -which frames are reproduced in Figs. 4, 5, and 6. In the 
film the budding cell of Fig. 4 can be seen to produce by repeated budding and 
separating, fii’st, the three cells of Fig. 5, and finally the seven cells in Fig. 6. 
It shows that before budding takes place there is great activity of the particles 
that can be seen in the cells. Usuallj' this is near the part of the -wall that is 
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going to break do^^^l. The yielding of the cell wall is a sui-prisingly sudden 
process compared with the following development of the bud. It is again accom- 
panied by great activity of the partiele.s, which can he seen making their way 
into the new cell. As a rule, it i.s possible to keep in focus the communicating 
opening between the two cells. The cell wall of a new cell is at first much thinner 
than later. A.s soon as it reaches the thickness of the old cell, the opening closes 
and often the cells separate with a sudden jerk. 


SLWCMART 

A technique is described which enables biologic laboratories possessing ordi- 
nary equipment and the services of a skilled technician to make time lapse 
cinemicrographic 16 mm. films. The apparatus is put together from simple 
materials, can be used on an ordinary wooden laboratory bench, and can be as- 
sembled and taken apart in a few moments, so that the microscope remains avail- 
able for ordinary use. 

REFERENCES 

1. Barnard, J. E., and Welch, F. V.; Practical Photomicrography, London, 192.5. 

2. Harris, P.: Automatic Operation of Cine-Camera and Lighting Arrangements for Time 

Lapse Studies, Nature 142; 834, 1938. 

3. Pijper, A.: Wicrocinematography of the Motile Organs of Typhoid Bacilli, J. Biol. 

Photographic A. 8: 138, 1940, 

4. Pijper, A.: Microcinematographv of the Agglutination of Typhoid Bacilli, J. Bact. 42: 

395, 1941. 

5. Eosenberger, H.: Scientific Apparatus and Laboratory Methods: A Standard Micro- 

cinematographic Apparatus, Science 69: 672, 1929. 

6. Roger, H.; A New Camera Timer for Time Lapse Cinematographr, J. Soc. Mot. Piet. 

Eng. 32: .549, 1939. 


THE mNlATURE CAjMERA APPROACH TO VISUAL EDUCATION* 


George Fiske Johnson, Ph.D., St.vte College, Pa. 


I T IS NOW almost six years since the miniature camera first attracted the 
serious attention of educatoi-s in the United States as a new approach to 
effective visual instruction. The growing enthusiasm among the professions 
for this type of camera and its products as an aid in teaching and in recording 
scientific data is revolutionizing the photographic and lisual aid programs of 
many institutions. 


The possibilities of the miniature camera and related equipment in photo- 
graphing medical subjects, especially in color, have been reviewed previously 
in this JoERN.vL. .Jeter and HulP pointed out several yeai-s ago the value of 
using 35 mm. color film in miniature cameras as a means for securing 2 by 2 
inch slides for illustrative purposes. “The pathologist and the pathologic 
department of even- hospital should a.ssumc teaching responsibilities.’’ they 
wrote. “\Vc believe color photographs, as eanded out by the simple, inexpen- 

described, is now practical and, furthei-more, adds greatly to the 
facilities of teaching. “ 


•from th.‘ ,\prIcuUiinil Ext«‘n-sion S'-rvictj 
Rr-colvcl for imbllcation, July 21. 1912. 


of the Ponn.vylv.ania State Collece. 
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Toniliiisoir rcceiifly csillecl tlu; ;it tent ion of llie medical profession again 
to miniature eameras, 35 mm. color film, 2 by 2 inch .slides, illuminator for 
displaying color transparencie.s, and c.si)ccially I heir application to plioto- 
micrograijhy. 

DeLucclii,^ reporting on a survey of 5.5 medical .school hospitals, clinics, 
biologic photographic departmeut.s. and medical laboratories, writes: “There 
is a very noticeable increase in the u.sc of the smaller 2 by 2 inch Kodachroine 
slides (photographed usually in miniature cameras). ... A iiumerieal checkup 
will show that the demand has been so great that the smaller-sized .slide is 
definitely and raj)idly becoming ])arl of the routinely produced material in a 
majority of biologieal laboratories. The field of idiotography as used to illus- 
trate surgical irrocedure has also been invaded by the 2 by 2 inch Kodachrome 
slide. j\rore and more this small size .slide is being u.sed to augment 16 nun. 
Kodachrome motion pictures, and in one department has replaced tlie motion 
picture to a large c.xtent. It is felt that a .series of pictures taken during the 
proce.ss of an operation arc excellent for leaching. The cost of siicli a series Is 
less than a motion picture covering tlie .same jiroccdure. It is to be noted that 
three out of four new pho(ogra[)litc laboratories (less than one-year old) arc 
using 2 by 2 inch slidc.s. ...” 

Other writers, especially in the field of biology, .such as Brul)alcer and 
Holingei','* Waller and Brcedis,-' Footer." and Koch,' have i-ecognized thi.s new 
trend in i)holography and visual education and have recoi-dcd many valuable 
ideas and experiences. 

I have been a.ssociatcd with the devcloj)ment of a visual aid service in the 
division of agricultural and home economies extension at the Pennsylvania 
State College for the i)ast seven years. Thi.s service emplo.vs 200 county farm 
and home economic representatives and slate-wide subject matter speeiali.sts who 
conduct demonstrations on belter farm and home economic practices and 
as.sisl with 10,000 educational programs in rural communities annually. 

Our enthusiasm for tlie miniatui'c camera was genei'ated in 1937 when it 
was demonstrated that a .“fTo camera (more expensive now) taking the new 
35 mm. color film could ])rodnce rea.sonably Irue-lo-eolor transparencies at a 
film cost of 15 cents each. We .saw in this simple, inexpensive equipment the 
means of improving the pholograjfiiie and visual aid program for our workers. 
The reasons for this were: (1) the equijmient was light and easil.v carried; this 
was an extremely important advantage because our woi-kers were traveling 
educators; (2) the equipment was le.ss expensive than that available in the 
past; (3) the miniature camera loaded with color film was more foolproof and 
more exhilarating in results attained than larger cameras with black-and-white 
film; (4) the unit cost of the visual aids secured was substantiall.v less than 
that prevailing with either the standard lantern slide or 16 mm. motion pic- 
tures. We now have in our organization 107 miniature (35 mm. film) eamei’as 
costing from $15 to $175 each. 

Slides, 2 iy 2 Inches, Lead as Visual Aids . — How I'ev'olutionaiy recent 
improvements in visual aids have been in our case can be cited specifically. 
The number of standard-sized black-and-white lantei'ii slides in use decreased 
from 5,000 in 1935 to fewer than 500 (used infrequently) in 1942, and in their 
place have come almost 25,000 of the new 2 by 2 inch slides taken with miniature 
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cameras, mostlv in natural color. We produced more than five times as many 
color slides in four yeai-s (3937 to 3941) as standard-sized hlack-and-Avhite 
slides in twenty years (3917 to 3936). Even more significant was the fact that 
a complete equipment change requiring the adapting of old projectors or the 
purchase of new projectors was necessary to effect this change-over in the type 
of .slide used. 



Fie. 1. — County Agricultural Agent Kussell M. Smith, Forest Countj', Pa.. Trith a portion 
of the 800 2 by 2 inch slides which he has produced and utilized more than 300 times in the 
past four years on a total equipment and film expenditure of less than $225.00. 

Screens for showing pictures changed in character completely during this 
seven-year period. IMost screens in 193-5 were white cloth on which color slides 
would not show up clearly in the daytime in rooms that could not be darkened 
completely. Only one solution could be found and that was to buy the beaded 
surface type of screen. A few demon.strations were extremely convincing, so 
that today we have 82 beaded surface .screens, 77 in county offices and 5 in the 
State College office. Each county has at least one of these screens, and 11 coun- 
ties have two each. The folding ba.se tripod screen is most popular. 

The ti’end in the use of \'isual aids since 3935 is .shomi in Fig. 3. The use 
of 2 by 2 inch slides has increased from zero in 1936 to almo.st 50 per cent of 
all meetings in 1942; 16 mm. movies (mo.stly silent), of which we made over 
150 reels, gained from 5 to 15 per cent; large lantern slides and film strips 
decreased from 25 to 3 per cent; visual aids other than projected pictures 
dropped slightly from 30 to 25 per cent: and meetings with no visual aids 
decreased from 35 to 10 per cent. It will be okseiwed that the 2 by 2 inch .slides 
arc used in a larger percentage of meetings today than all forms of projected 
Ifictures employed only seven years ago. 

The mistake is made of regarding the 2 by 2 inch slides as nothing more 
than the large lantern slide in a new dress. This transparency is a n civ visual 
mcdnnn. Because of it.s low film and processing costs each step in a process 
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can be reeoi'dcci economically. Furlhormorc, the meelianies of (he camera are 
so simple that a sequence of ])ieturo.s can he taken (piiekly. In this .sense the 
miniature camera is a cross between the motion inctui'c camera and the more 
cumbeniome cut film or film pack retle.x or view camera. Jjikewise, when skill- 
fully used in the lecture room the re.sultin" jiictiires retain all advantages of 
the .slide medium M'hilc acquiring .some of the advantages of the motion picture. 



Fig. 2. — The folding base tripod beaded surface screen in use. Note tliat it can be elevated to 

shoulder height. 

Advantages of Slides over Motion Pictures . — Altliougli physical complete- 
ness is attained with a well-photographed motion picture of an operation or 
method demonstration, this does not mean that completeness of understanding 
is always reached, even when fully explained. The skillful lecturer can often 
take a well-photographed series of slides of this same operation or method 
demonstration and secure more complete and lasting understanding of the 
operation because; (1) the most critical stages or steps in the operation can be 
retained clearly on the screen for an indefinite period for detailed explanation; 
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(2) contrasts and comparisons can iie made most easily and, if iiecessary, remade 
to fit the mental response of the aiidieiiee; (3) in subsequent disctission any one 
scene can be selected quickly and I’cturned to the screen; (4) the still trans- 
parencies can be placed in an illuminator and the entire sequence can be studied 
at one time. Of eoiu'se, the ideal is a motion picture and a series of still trans- 
parencies of the same operation. This is often impractical, hoTcevex', due to the 
cost or the impossibility of repeating the exact opei'atioix. 

To accomplish the ixiost with slides, we find that a 300 or higher wattage 
projector ^^dth forced draft or other meaixs of thorough ventilation is necessary. 
Tills tj-pe of equipment enable.s a lecturer to retain a slide in the projector 
indefinitely without damage and still secure good projection with sufficient light 
in the room for note taking. 
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YEAR 

Fig. 3.-— Trend in the use of visual aitis in indoor subject matter meeting’s conducted bv the 
Pennsylvania Agricultural Extension Service, 1935 to 1942. 

One impoxtant factor in our plan is that assistance and encom'agement are 
given, for workers to produce their own visual aids. The development of the 
miniature camera, color film, and the exposure meter has been a gi-eat stimulus 
in this direction. The miniatiu-e camera, as we use it, is a lantern slide camei'a 
because color film is used, and when the shutter Ls clicked, a lanteim slide is 
produced. This so simplifies the procedure of making lantenx slides that over 
80 of our workeis are successfully producing these .slides at the rate of -5.000 
a year. 

MIXI.XTOXE REFLEX CAAIER.\ FOR PHOTOMICROOK.VPHV 

5Ve find the 35 mm. film size reflex camera extremely practical for photo- 
micrography. In this type of photography we emplo.v a carbon arc lio-ht for 
illumination with either transmitted or reflected light, dependitm upon the 
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can be recorded economically. Furthermore, llie mcchanic.s of (he camera are 
so simple that, a sequence of pictures can be taken quickly. In this sense the 
miniature camera is a cross between the motion ])icture camera and the more 
cumbei'some cut film or film pack reflex or view camera. Likewise, when skill- 
fully used in the lecture room the resulting pictures retain all advantages of 
tlie .slide medium while aeciuiring .some of the advantage.s of the motion picture. 



Fig. 2. — The folding base tripod beaded surface screen in use. Note that it can be elevated to 

shoulder height. 


Advantages of Slides over Motion Pictures . — Although physical complete- 
ness is attamed with a well-photographed motion picture of an operation or 
method demonstration, this does not mean that completeness of nudei'standing 
is always reached, even when full.y explained. The skillful lecturer can often 
take a well-photographed series of slides of this same operation or method 
demonstration and secure more complete and lasting imderstanding of the 
operation because: (1) the most critical stages or steps in the operation can be 
retained clearly on the sci’een for an indefinite period for detailed explanation; 
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(2) coJ\trast.s jiiid coiiipiirisoiis ran hr most easily and. if ncce.ss.ain, jcfnado 

to fit the mental response of the andienec: (d) in snhsc'finent dise.nssion anj one 
scene can he selected (jniekly and returned to the screen; (4) the still trans- 
parencies can he ])laeed in an illuminator and the entire secpienee can he studied 
at one time. Of eoui'se. thi' ideal is a motion ])ieture and a sc'rii’s of still trans- 
parencies of the same oi)er<'ition. This is often im])riietieal, however, duo to the 
cost or the impossihility of repeating the exact operation. 

To accomi)lish tiie most will) slides, wo find ll)at a •‘>00 f)i' hiylicr w/ittape 
projector with forced draft or other means of tlionuiirli ventilation is neee.ssary. 
This type of efiuipment enables a lecturer to retain a slide in tlie i)ro.icctor 
indefinitely without damage ajul still secure ;:ood projection with sufficient licht 
in the room for note taking. 



Fig. 3.— Trend in the use of visual aids in indoor subject matter meetings conducted by the 
Pennsylvania Agricultural Extension Ser\*ice, 1935 to 1942. 

One important factor in our plan is that assistance and encouragement are 
given for worker's to produce their own visual aids. The development of the 
miniature camera, color film, and the exposure meter has been a great stimulus 
in this direction. The miniature camera, as we irse it, is a lantern slide camera 
because color film is used, and when the shutter is clicked, a lantern slide is 
produced. This so simplifies the procedure of making lantern slides that over 
80 of our workers are successfully producing these .slides at the rate of .5,000 
a year. 

AlINIATURE REFLEX CAAIERA FOR PHOTOAIICROGRAPHY 

We find the 35 mm. film size reflex camera extremely practical for photo- 
micrography. In this type of photography we employ a carbon arc lio-ht for 
Illumination with either transmitted or reflected light, dependin<^ upon the 
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subject. Tlic camera scUip is as iolknvs: Tlic Iciis of the camera is replaced 
with a hiugod microscope adajJtcr wiiio.li slips over the lo)> of the microscope. 
The hinge enables the leelmician 1o swing the camera aside wliile searching for 
the proper field lo be photogra])hcd. When liii.s is dclermined, flic camera i.s 
returned to the top of the microscope and focusing is completed through the 



Fig. 4. — Filing 2 by 2 inch .slides in 100 capacity boxes. Sauares of cardboard with 
labels at tbe top are used for dividers. 

Fig. 5. — ^The projector strip method of filing 2 by 2 inch slides. 

reflex viewer. By using type A Kodachvome film and the carbon arc light, our 
experience indicates an exposure from one-tenth .second to three seconds, based 
upon various light factors. We normally take three exposures, such as one-tenth, 
oue-half, and one second, one-half, one, and two seconds, or one, two, and tliree 
seconds, depending upon our judgment of which light group fits the subject. 
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Fig. 6. — Sliding panels in a metal cabinet provide an efficient file for 2 by 2 inch slides. 

Fig. 7. — ^Using the illuminator to arrange a series of slides for an illustrated talk. 

The 2 by 2 inch Kodachrome transparencies can he duplicated successfully 
by the manufacturer at a cost of 25 cents each. The best duplicates are made 
from correctly or slightly underexposed A'iews. Overexposui’es do not dupli- 
eate well. Color prints, measuring 21^ by 314 inches, can be made from the 
transparencies by the manufactiirer at a cost of 75 cents each. A 5 by 7^ 'inch 
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size is made for $3.50. Fairly elosxMip sul)jo(;(s with disliiiet lines jdiofograplied 
on 35 mm. Kodaehrome can often he conveifed suecessrully to a 5 by 7 incli 
black-and-wliilc negative for a monochrome contact jnanl of i)uI)lication quality. 


KFl’ICIKXr a xiooicskity 

Since many of onr dcjjartmcnts and county ofTices have from 200 to 800 
of the 2 by 2 inch slide.s, efficient filing has become c.ssential to the best utiliza- 
tion of these vast visual aid resources. 'We have several types of files in use: 
(1) the hox type with partitions for individual slides; (2) the panel type in 
which slides are filed in panels or cardboard holdei's and viewed by holding them 
before a lighted background; (3) the projector .strij) file in which .slides arc 
held in a cardboard projector strip that is used as a slide carrier in the pro- 
jector (see Figs. 4 to 0). 
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Fie. 8. — Ine.xpensive. simple and yet an extremely effective local community exhibit 
based upon the use of 2 by 2 Inch slides in an Illuminator. Xote tlie masnlfylng- class on a 
string for use in looking at slides. 


In general, a satisfactory file has the following characteristics: It is con- 
venient to get slides into and out of the file with a minimum amount of time; 
it is not so complieated that great effort is rcfiuired in keeping the file up to 
date; it is flexible in compartment .spacing and new slides can be added with- 
out the continual handling of old slide.s. The object of an efficient slide filing 
system is to reduce slide handling and effort in filing to a minimum and at the 
same time make it possible to organize an illustrated talk quickly v'ith all the 
material at hand. “U^e have found that our workers who make the most of 
color slides in teaching are likely to accumulate at least 300 slides. To be most 
useful these must be in an efficient file. The cost of equipment for filing varies 
from 2 to 7 cents for each glass-covered slide, depending upon the s 3 ’stem iised. 

the illumixatok in use 

In addition to a well-kept file of slides we find a I'elativelj^ new piece of 
visual aid equipment called the illuminator useful in organizing a series of 
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tlicse slides for lecture purposes, lu si)ui»le tei'ins. the illuiniiuitor is a venti- 
lated boxlike structure with a white interior eoutaiuiufr a (10 watt oi’diuai'v 
li"ht hull). The .surface to he used for ilhiuiinat iufr slides is of o])al or •rround 
gla.ss. The slides are asseinhled on this surface. 


AVith a 2.0 capacity slide ilhuuiuator available it is relatively easy to orpan- 
ize a series of slides for a lecture (I'iir. 7). This ]>ieee of e(piii)iueut cliiniuales 
the need of a jireliininary showiup: of the slides on the sei'eeii, and it. has the 
advantage of all .slides ladug in vii'W at out* time. A magnifying gla.ss can he 
u.sed to enlarge the ])ieture. if desired. I’^uidhermore, we find the illuminatoi' 
filled with color .slides useful as the central feature of simjile, incxjiensivc 
exhibits as shown in Fig. S. In this we recognize* the natural eoloi* .slide as some- 
thing more than a lantern .slide to pro.ieet onto a sei’ecn. 


In our work we find a number of advant:iges in illuminated slides over 
projeeted pietures. The jiietures can he viewed ele.ai'ly in average indoor light 
M-ithout darkening the room. 7’ho need of carrying pro.iection cfiuii)nient and 
the diflieulty of setup in .small fpiarters filled with jieople are eliminated. Be- 
sides, a series of .slides can he viewed and studied individually or as a sequence 
with all slides eontinually in view. On the other hand, the use of the illumi- 
nator is limited to situations where only a few iiersons look at the slides at one 
time, and it is impossible to show all types of views with equal elTeetivene.ss. 


THi; FUTURK 

The 2 by 2 inch slide is definitely established as a visual aid medium of 
vast possibilities. As profe.ssional workei-s become more familiar with its many 
advantages the scope of its usefulness should continue to increase. It is likely 
to establish itself as an important supplement to the motion pictiu’e. For per- 
sons and institutions with limited budgets it will of necessity become the visual 
aid medium of primary consideration. 
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TUBEECUIiOSIS, Pulmonary, The Weltmann Ecaction, Owen, W. F., Jr., and Van 

Ordstrand, H. S. Clovolaiul f'liit. Quart. 9: l.'i.'i, U>ld. 

Tlie Weltniann eoafnilalinn hand wa.s dcIfriiiiiK'd in S.’S normal pcr-^ond and a remarkably 
eon.stant re.sult urns oh(aine<], i.e., (i to Oi/,, 

In 7.0 ea.'-p.-i of pulmonary f td)erculo!ii.‘;, followed for :i period of three to four mouth?, 
an attempt w.as made to define how elosely tin* eoaftulation hand retleeted the elinical picture 
and whether there wa.*; any I’orrelation hidwoen the hand and the sedimentation rate. In tin? 
pfroup of 7.} ea.«es, 2.’i wore ehronic, arre.sted inactive cases, and in the.^e the Wnltiuann reaction 
consistently .showed a “.shift to the rijjlit'’ and wa.s a better indication of the clinical .status 
than the .sedimentation rate. In the remaiiiinf; .70 cases the Weltniann eoatmlation hand fol- 
lowed the clinical picture in ttd ea.ses, or only (it per cent, while the sedimentation rate was a 
good index in -10 ca.ses, or 70 jicr cent. When the ea.ses were divided into far advanced and 
minimal, it was shown that in the 27 far-advanced ea.ses the Weltniann reaction wa.s reliable 
in only 50 per cent as compared with SI per cent with tin- .sedimentation test. In the 
moderately advanced group of 20 cases, the sedimentation rate showed lit) jier cent reliability 
and the coagulation hand SO per cent. There were only three minimal ea.ses studied; the sedi- 
mentation rate was of no vtilue in any while the Weltniann test was reliable in all. 

Neither the Weltmann re.action nor the .sediment, at ion late is eoinjiletely reliable or in- 
fallible in the diapiosis and progaiosis of puliiionaiy tiiherculo.sis. In the.se cases the sedi- 
mentation rate has been a somewhat beltm- index of the clinical status of the patient. In 
doubtful cases it may be of value to do both tests. 

In the chronic, arrested, inactive em-es the Weltniann reaction consistently showed a 
“shift to the right” and was a better indication of the clinical status than the sedimentation 
rate. 

There is no definite correlation between the Weltniann coagulation band the .sedimenta- 
tion rate. 

PNEUMONIA, Capsular Polysaccharide In the Blood of Patients With Pneumococcic, 

Bukantz, S. C., deGara, P. F., and Bullowa, J. G. M. Arch. Int. Wed. 69; 191, 1942. 

iSysteniatic deterniinntion of cajisular poly-saccharide, agglutinin, and precipitin titers 
were made on .samples of blood of 135 patients with imeumonia caused by- pneumococci of 
types I (32 cases), II (4 ca.ses). III (40 ea.ses), TV (1 case), V (9 ca.ses), VII (33 cases), 
and VIII (16 cases) in a series rotated for treatment with sulfapyridine, with serum or with 
the two in combination. 

Capsular polysaccharide was detected in the blood of 10 patient.?, or 11. S per cent of the 
entire series. Eleven of the 16 had type JIT, 3 had typo VII, and one had typo VIU pneumo- 
coccus pneumonia. 

There was a significantly greater incidence of positive reactions for circulating capsular 
polysaccharide in the older ago group, a tendency- to greater incidence with increasing duration 
of disease, and an equal sex incidence. 

The mortality- for the patients in whose blood capsular polysaccharide was present was 
62.5 per cent, while the mortality for all the patients with bacterieraia was only- 29 per cent, 
and the mortality for the entire series was 11.8 per cent. The mortality for the patients 
without bacteriemia and without capsular polysaccharide in the blood was only- 3 per cent. 

Of the 10 patients whose serum gave a positive reaction for capsular polysaccharide and 
who were treated with sulfapy-ridine alone, 6 died. The illness of the 4 patients recovering 
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under sulfnpyridine tlierapy nloni' r:in n prolonpoil with a tcndi'iiry to rcciirri'nee of 

fever, jilnw di?np]>enrnnce of onp'^ulur polvi^iiei'linrido froiii tlie Itlnod, and fniliiro to ]>roduco 
an(i!)o<?y. 

Of <lie o patients \vtiu‘'e fornm jtnve a positive re.artion for I’.'ip'-iilnr polysiieelinride and 
who were treated with Ixitli snlfapyridine and sermn. died; two of tliese did not reeeive 
fcnim and siilfapyridine simultaneously, :ind tlic third received insuflieient sulfapyridine. 
The 2 patients TCcoverinp after siinuitaneons senim nnd siilfapyridine therapy made imudi 
more satisfactory clinical responses. The sixteenth patient in niiosc Idood eapsulnr poly- 
saccharide was detected died after treatment with serum alone. 


CARTILAGE, A New Hi-stochcmical Reaction With High Specificity for Cartilage Cells, 

Hass, G. M. Arch, Path, 33: 171. IP 12, 

The fresh tissues, except when dcc.'ileifieation w,as necessary, was eiit into sections 
with a frccr.ing microtome set at l-”i to 20 microns. The sections were divided info lots 
for preservation in water, alcohol, and solution of formaldehyde Tj.S.V. Tlic sections in dis- 
tilled water were subdivided into three proups. One group was tised for immediate study. 
.Sections of the second group wore mounted on glass slides and dried rapidly in a vacuum 
desiccator. The third group of sections was placed in tlio refrigerator at 5° C. 

It was impossible to obtain suitable sections of frosb bone, altbougb osseous tissue often 
rcm.aincd so attached to eplphy.-cal cartilages at the primary zones of ossific.ation that a few 
obserr,ations could be made. Lcc.alciticalion of formaldehyde-fixed or fresh tissue with 0..5 
molar hydrochloric acid was necessary before good sections of bone were obtained. 

Sections of the designated organs and tissues were exposed to the action of numerous 
combinations and concentrations of 0.3 molar liydrochloric acid, 0.-3 molar sodium hydroxide, 
0.20 molar sodium nitrite and 0.04 molar crystal violet. Optimum conditions for obtaining 
the desired reaction wore as follows: A .solution containing 10 c.c. of 0.5 molar hydrochloric 
acid, 4 c.c. of 0.04 molar crystal violet, and 1 c.c. of 0.20 molar sodium nitrite, or multiples 
thereof, was prepared. The reaction was allowed to proceed for forty-five minutes at room 
temperature. Then 0.5 molar sodium hydroxide was added slowly until a delicate fluorescence 
developed. Seven to S c.c. wore required, the quantity being so adjusted that a fine precipitate 
formed in the reaction mixture about ton minutes after appearance of the fluorescence. After 
addition of the alkali, 20 c.c. of the reaction mixture was transferred to each of a desired 
number of 25 c.c. beakers. One section of tissue was placed in each beaker and kept there 
throughout the fifteen to twenty minutes required for the formation of a precipitate. After 
precipitation was complete, ether was poured on the surface of the solution. The sections 
were withdrawn from the reaction mixture through the ether layer, washed in distilled water, 
floated onto glass slides, blotted with filter paper, stained with aqueous hematoxylin, and 
mounted in glycerogelatin under a cover slip. 

Similar results were obtained when tl)e sections bad been affixed to glass slides by 
preparatory desiccation in vacuo. MTien available in this form, the tissues were more easily 
handled than when they were floating in the solution. 

This standard method was varied so that some data might be gathered with respect to 
the action of alcohol, acetone, ether, and 0.5 molar hydrochloric acid on the capacity of the 
tissue to react and on the stability of the reaction product once it had formed. By use of 
these reagents it was possible to make a microscopic study of cells prior to running the re- 
action, after a positive reaction had been obtained, and after eliminating all traces of the 
positive reaction. In other attempts to determine the nature of the reactive cytoplasmic com- 
ponent, the carmine stains for glycogen, the perosmie acid stain for lipids, the sndan IV stain 
for neutral glycerides, and the hematoxylin-eosin stains were prepared. 

A positive reaction consisted of an aggregate of particles in the cytoplasmic area of a 
cell. The particles, which varied from 1 to Z microns in diameter, were yellow, refractile and 
discoid or spherical. They often had a biconcave form and always possessed curved margins 



REVIEWS 


Books nud Monographs for Ilcviuw- should ho sent direct to the Editor, 
Dr. Warren T. Vauglmn, Professional Building, Eiclimond, Va. 


Gould’s Medical Dictionary’’- 

I F THERE is one hook Ihut every jiiedieal library and every physician 71)11x1 have, it i“ a 
medical dictionary. This new edition of Gould, long a favorite, will he found abreast of 
all the many and varied advances which have brought now and varied terms to medical 
literature. Numerous t.-ibles and new illustrations, many in color, niaho this new edition 
highly acceptable. It is highly roeomniendod. 


Textbook of Bacteriologyf 

T IlROUGn twelve editions .Iordan’s Ractcriolony has established its own place. Dr. Bur- 
rows has taken the place of the late Dr. .Iordan in editing the thirteenth edition. It has 
been somewhat enlarged and, with minor e.vceptions, completely rewritten. Chapters devoted 
to highly specialized field.s, such as .soil, industrial and dairy bacteriology, have been regrouped 
in a chapter on Bacterial Physiology. The relation of bacteria to disea.se is considered in its 
broad aspect. This applies cspcci.ally in the section on virulence and resistance. 

The editor has been conservative in his treatment of nomenclature and ela,“sitication. 
He uses no single taxonomic scheme, although he favors most of the terms adopted in 
Bergey’s Manual, 

The now edition gives every j)romi.«e of enjoying the popularity of its predecessors. 


Foreign Bodies Left in the Abdomen! 

T his is a summary review of the entire literature of the subject, analyzed and discussed 
with regard to methods of prevention and to legal responsibilities. 

The first record of a sponge left in the abdomen was in ISPS, when a sea sponge was 
discovered. Sea .sponges evidently were used (juite frequently in the early days. Terj' f®"' 
appear in the literature after IPOO, although one was found in IPIC, which apparently had 
been introduced in the same year. 

In 1901 a towel, measuring one foot by two feet, was left in an abdomen. 

The interval between loss and recovery of sponges is sometimes very long. After 
the fifth year secondary operations caused by .sponges are usually duo to intestinal com- 
plications, although nearly half of them become encapsulated, cause little or no trouble, and 
are found only incidentally in other operations. 

Methods of preventing loss are di.scu.ssed in much detail. These include sponge counts, 
metal tracers, and the continuous sponge. 

Most of the instruments left in the abdomen are forceps, hemostats, and needles, 
although one report from Gormanj' described a pair of spectacles. 

Drains are lost often enough to be important. Some foreign bodies in the abdominal 
cavity were originally swallowed. 

The legal decisions reviewed in con.sidernble detail will be of greatest interest to any 
who hare been unfortunate enough to have left articles in the abdomen. 


•Medical Dictionair- By Georgre M. Gould, A.M.. M.D. Kevmed by C. Brpwnlow. 
Flexible, ed. 5, 1,528 pages, illustrated. Plain, ?7.00 ; tliiimb Inde.x, $/.50. The Blakiston Co., 
Phlladelpbia. , . , t-,- 

tTextbook of Bacteriology-. By Edwin O. Jordan. Pb.B late Andrew Mc^ish Dmtin- 

guished Service Professor of Bacteriology, University of Chicago ; and M iiliam Burrow.. 

Ph.D., Assistant Professor of Bacteriology. University of Chicago, Cloth, ed. 13, revised, ivii 
pages. W. B. Saunders Company, Philadelphia and London, 1941. , t, „ 

tPoreign Bodies Left in the Abdomen. The Surgical Probimns— Cases. Treatment Pre- 
vention. The Legal Problems— Cases, Bocislons P.- • ; . .--p ^School 

M.D.. School of Medicine. Washington University; i,'- - ■■■ ■ o?™inf,strations incliul- 

of Law, AVashington University, St. Louis, Mo. C!-,;:;.. 7- V vi -12 illustiations inciim 

ing 4 color plates. The C. A’'- Mosby Company, St. Louis, 1940. 
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Approved Laboratory Technic'' 

•-pHK tliira ciVitioii of tlio Inhorntorn Trchnic inrlii.lo.s .such new procc/liire.s (he 

1 quantitative (leteriniimtion of iirothroml.in, metlioils for semen e.xiiminntion, the fletor- 
minntion of uToWiinojxon in tiie urine tuui feees, hiiquirie neid in the urine, serum lipnsc 
.Ictcnninution, the simplified Kolmer enmplemeiit fi.vutinn te.M, the Kiiftle modification of 
the Wnssonnann. determinutiou of vitamin <’ in urine and plasma, determination of sulfon- 
amide compounds in the Idood and urine, and determination of thiocyanates in the hlood. 

This hook was oriuinally prepared under the ausi>ice.s of the American Society of 
riiiiieal Pathologists. 

In addition to the authors, twenty-eight men ha\'e collahoratcd in tlie jirepar.ation of 
certain sections. 


Science and Seizuresf 

A VEKY readahle popular hook for the use of the jiaticnt with cpilep.sy or migraine, 
thi.s work was written from the ))oint of view of neurojisychintry. The patient with 
epilepsy (Lennox prefers to call it seizures) will get a clearer understanding of his con- 
dition from perusal of this hook and will he relieved of the feeling that he is stigmatized 
by his disease. I'or this juirpose the hook should he widely recommended. 

Physicians, even ncuro|isychialrists. will also enjoy it and, unless they have kept up 
with the most recent advances in the study of seizures, they will gain much from its 
perusal. 

Dr, Lenno.v devotes considcrahlc space to discussion of the importance and signifi- 
cance of electroencephalograms. Some workers in the field may feel that the generaliza- 
tions concerning the significance of the electroencephalogram are .somewhat premature, not 
as yet generally accepted. The deductions, however, arc based upon fact ns it is known 
today and certainly add to the interest of the volume. 


Cardiac Classicsj 


C ardiac CLAHHICfy contains reprints and translation.s of fifty-two contributions by fifty- 
one men who have done most to advance our knowledge of cardiology. A.side from the 
fun that one derives from reading those essays which have made history in medicine, there is 
a utilitarian need for this type of volume for those who are UTiting today. Often quotations 
from earlier investigators are distorted succes.sively by men who fail to go back to the original 
source for their quotations. The truth of this is so obvious to those who do much writing 
that examples need not be given. Often the misquotations actually change the entire 
sense of a remark. 

Another realization came to the reviewer as he went through the pages of this ex- 
cellent work; how few essays written by medical men deserve reprinting and rereading. 
How much print paper is wasted with rehash and unimportant stuff. 


‘Approved Laborator>- Technic — Clinical Pathologicai, Bacteriologrical, Slycoloeical 
Para.sitoloffical, Serological, Biochemical and Histological. By John A. Kolmer. 31.5. xm ’ 
Dr. P.H., Sc.D., LL.D., L-H-D., F.A.C.P.. Professor of Medicine, Temple University: Director of 
the Research Institute of Cutaneous Medicine. Philadelphia ; formerly Professor of Pathologv 
and Bacteriologj'. Graduate School of Jledicine, University of Pennsylvania; and Fred Boemef 
V.3I.D., Assistant Professor of Bacteriology, School of ifedicine and Graduate School of 
Medicine. University of Pennsylvania : Bacteriologist, Graduate Hospital. Philadelphia. Cloth 
ed. 3, 921 pages, $8.00. D. jVppleton-Century Company, Mew Tork and London, 1941. ’ 

^Science anfl Seizures; Xew Light on Epilepsy and iligraine. By IVilliam Gordon 
^nnox, M.D., Sc.p., Hon. Assistant Professor of Neurology. Harvard University Jledical 
School: Visiting JSeurologi.st. Boston City Hospital; Pre.sident International League against 
Epilepsj-: 1 lee President Laymen’s League agaimst Enilepsj-; Secretary- Harvard Epilepsv 
anS’l^ndon" 1941 ^^’ illustrations. $2.00. Harper & Brothers, New York 

tCardiac Classics — ^A Collection of Classic Works on the Heart and Circulation Witv. 
irehensivc Eiogranhic Accounts of the Authors. Fift\'_Tn-o Vith 
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TIio work sfiirts with AVillium linrvey iiiul ends with Herrick's dnscri|)ti(m of coro- 
nnry occlusion. 

One is disaj)i>ointoil in not seeiii” tin essay from the pen of Tiioinas I..(nvis, Imt it is 
interestin'; to ohscrve tlmt tliero tire more index referenees to his name than to that of 
any other cardiologist outside the favored fifty-one. 


Dynamics of Inflammation" 

A x OUT.STAXDIXti contrihution to our knowledge of inflammation, this hook differs 
from the older patliologic concept in the sense that it is dynamic rather than static. 
The author analyzes the physiology and jiathologictil jdiysiology of the migration of 
leucocytes from the capillaries and their activities in areas of infection and damage, and 
associated chemical changes as well as modifications in the.ae activities hrought about ,hy 
immunity and allergy. This has been the field of Menkin's original investigations for 
many years. In addition he brings to the monograph a wealth of his own material. 

Although the volume represents a tremendous amount of original investigations. Dr. 
Menkin’s conclusions, his interpretations of the mechanism of iutlammation, are such as 
are now widely accepted. The evidence jiresenlcd in favor of acceptance of the new 
troidiic substance which he has named leukotnxiiie is logical. 


ITEM 


Antipneumococcic Action of Cinchona Derivatives 

Mellon In.stitule, Pitt.sburgli, Pa., is distribiitiii!; gratis to all interasled 
specialists wbo requo.st them copies of a ])ubliciition entitled “Structnro and 
Antipncninococcic Activity in the Cinchona Series.” 


Erratum 

The fir.sl paragraph on page 1458 of the August issue of the Jouu.n'ae, in 
an article entitled “Studies on the Clinical Significjincc of the Scrum Proteins 
by Benjamin M. Kagan, JI.D., Richmond, Va., should read : 

“There are iu existence several colorimetric methods whicli, while le.ss diffi- 
cult to use, do not approach the .simplicity of u.suiil routine tests, and some of 
which are subject to errors up to 10 per cent.” 


♦Dynamics of Inflammation. An Inquti-j- Into tlie Mechanisin pf 
Valy Menkin, Department of Patholofr>% Harvard University Medical School. Cloth, «44 pag . 
§4.50. The Macmillan Company, New York, 1940. 






Charles Virgil Mosby 
1876-1942 


rounder of The Journal of Laboratory and Clinical Medicine 



The Editors of 

The Journal of Laboratory and Clinical Medicine 
mourn the passing of its founder 

Charles Virgil Mosby 


who has contributed much to the progress of medicine 
in the building of a publishing medium second to none 
in its special field, thus providing facilities for inter- 
change of ideas and perpetuation of accomplishments 
in the sciences 



“Medicine and surgery would still be primitive 
crafts had it not been for a few dauntless souls who 
were willing to record faithfully, by the written word, 
the results of their findings." 


“The sculptor needs the granite block out of 
which to carve the image that has taken form and sub- 
stance in his brain. On its unyielding face he carves 
the creatures of his imagination. We are the sculptors 
that carve day by day our form and likeness upon the 
rocks of time. Overcome the difficulties, surmount 
the obstacles, break down the barriers, and you carve 
deep and lasting. You cut your image so deeply upon 
the hearts and into the souls of men that time itself 
will never efface your memory.” 


— From the tmtiiigs of C. V. f^losby 



The Journal of 
Laboratory and Clinical 
Medicine 

Voi.. 2S 1942 3 


CLINICAL AND EXPERIMENTAL 


EPIXEPITRIXE AXn EPHEDRIXE AXAEOfiPEM AX'D THEIR 

riJXICAE ASSAY 


\Vauukn T. VAfc.UAN. M.l)., Rom.tn' M. Pkiikiks, M.D..® and 
V iNTi'.NT .1. I)r,nn!,s. JI.I)..® Richmond. Va. 


D iscovery of the ehomical stnieturo of cpinpphviiip by Abel (1897) and 
its synthesis iiy Stolz (1904) and Dakin (190.5) have been followed by the 
synthesis of many dei-ivatives posse.ssinjr pharmacolofrie actions re.seniblin<r 
those of epinephrine. 

The early synthe.sis of sympathomimetic amines by Ear"er and Dale, "ave 
impetus to this study. They studied aliphatic aminc.s with no attached benzene 
ring. Amines with less than four carbon atoms had little activity. Those with 
from four to six had some pharmacologic action. Addition of the benzene n'ng 
to a t^^•o-carbon chain, with two carbon atoms separating the ring from the 
nitrogen produced clear-cut sympathomimetic action (phenylethylamine. Table 
1). The introduction of hydroxyl groups at the para or meta positions within 
the ring resulted in more effective epinephrine-like action. 

Epinephrine has hydroxyl groups in both meta and para po.sitions. This 
arrangement in the ring constitutes the catechol nucleus. AYe may describe 
epinephrine as a compound formed by the union of the catechol nucleus with 
a two-carbon aliphatic amine in which hydroxyl is attached to the proximal 
carbon and a methyl radical to the nitrogen. 

It was natural to assay those compounds which closely resembled epineph- 
rine in terms of the latter as the standard. The most easily measured epi- 
nephrine effect is elevation of the blood pressure. In early pharmacologic 
studies, epinephrine derivatives were graded according to pre.s.sor acti\itv and 
its duration, with pressor response to epinephrine designated a.s unity. Pressor 
action was found to he controlled in great mea.sure by the hydroxyl group.s in 
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ihc bcnzent* nnp:. Tyi'amiiu* diiVors iVoni ])IuMiy!clliyl{uniiUi only in llu; pvc.s- 
onee of a para liydi'oxyl p:rouj). The pro.ssoi- activity of tlio foi'iiicr is double 
that of the latter. The addition of another hydroxyl iri-oiip ajjain douhles the 
ability of the compound to increase blood pressure (Table T, ■/). It will be 
noted in the la.st column of Table 1 that, as pressor activity increases, its dura- 
tion become.s .shortened. 
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The pharmacolo<ric activity of epineidirinc (at least as roi^urds its prc.ssor 
effect) appears dependent upon the catechol nucleus. The nucleus apparently 
accounts also for the short pressor duration since it is rapidly oxidized. Efforts 
have been made to counteract this rapid oxidation. Jlotbylation of the hydroxyl 
radical increases stability but cau.ses lo.ss in pj'c.ssor effectivene.ss (Table I, 5). 

For better orientation we may I'cvicw the prevailing: hypotheses concern- 
ing the synthesis and destruction of epinephrine. Thei'c arc gaps in the ex- 
perimental evidence. The hypotheses cannot be considered proved, but for 
simplieitj' we shall present them didactically, ))ecau.se the theories are tlio.se 
mo.st generally favored by chemists and pharmacologists and because they 
present a sequential picture, facilitating clinical discussion. Until there are 
better hypotheses, progress must be based on those now in favor. 

Phenylalanine seems to be the precur.sor of epinephrine. It is an amino 
acid indispensable for gi'ou'th. The jio.ssiblc succession of chemical changes 
brought about by enz.vmes is illustrated in Table 11. 'I’he introduction of one 
hydroxyl in the benzene ring transforms phenylalanine into tyrosine, another 
amino acid. A second Iiydrox.yl introduction produces dihydroxyjihenylalanine. 
Xext, the beta carbon is oxidized, after Avhich the amino group is methylated. 
Decarboxylation of the alpha carbon produces epinephrine. 

Destruction of epinephrine is an oxidative process, which can lie brought 
about in two ways. In one, oxygen replaces the hydrogen of the hydroxyls in 
the catechol nucleus, producing an unstable (|uinone of epinephrine. Ihirther 
internal oxidation reduction and molecular rearrangement result in an unstable 
indole derivatiA’'e called adrenochrome, in which the nitrogen is attached to the 
benzene ring. Adrenochrome is inactive and appears responsible for the red 
bz'own discoloration of oxidized epinephrine. 



















VAi'CHAN' in- Ai,. ; KiMNr.i'iiuisi: AND r.riir.mtiNi: ASAi.onri-,'; 


This :uitt)-i'xitl:itivc ])i-nc('ss ocfui-s in vitro. While it iii.-iy occiii- 

ill vivo, there atipenrs to he !i seeoitd proeess. iiieite<I iiy :m eiizyiiH*. amine 
oxida.se. Avhieli attaehs many amines. eonv<-rtinir them into aldehydc's and iim- 
inonia (or in the ease of e))ine))lu-ine. into aldehydes and methylaminc). Amine 
oxidase offeet is eomparaliU' to that of cholinesterase against aeetyleholine. 
Prohahly epinephrine is not (h'stroyed too rajiidiy in the tissues heeausc of (he 
protective action of amino acids, which serve as h.vdrojien donors ffir epinepli- 
rine. Glutathione and aseorhie acid also serve as redueiniz substances. Both 
arc abundant in tiie adrenal ulauds and iirobably participate in stabilization of 
epinephrine in the pland and in the blooil leavim^r it. 
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Briefl.v summarizing, the pre.ssor activity of epinephrine and probably its 
other sympathomimetic effects are due primarily to the presence of hydi’oxyl 
groups in the benzene ring. This catechol nucleus also accounts for the evanes- 
cence of the re.sponse. epinephrine being rapidl.v oxidized b.v amine oxidase. 
The effeetivene.ss of related sAuithetic compounds is also due to hydroxyl gi’oups 
in the benzene ring. 


Impetus was given the study of other synthetic compounds of potential 
clinical value by the identification of ephedrine (Table I). Ephedrine differs 
from epinephrine in the absence of hydroxyl grorrps in the benzene ring and 
the presence of a third carbon atom in the aliphatic chain in the form of a 
methyl group. Ephedrine effect is similar to that of epinephrine, but it does 
differ from it. W’itliout the oxidizable catechol nucleus, ephedrine is not as 
easily broken down and is, therefore, effective when taken by mouth. For the 
same reason, its pressor activity is le.ss, but the duration of pressor action is 
lengthened. Other physiologic effects, such as relief of broncho.spa.sm, are 
similarly less pronounced. 


Today there are over 200 compounds related to epinephrine and ephedrine 
which might have some sympathomimetic action. Of those related to ephedrine 
Ave shall use as illustrations only the four indicated in Table I. These illustrate 
the out.standing differences betAveen the epinephrine group and the ephedrine 
group, summarized as folloAvs; 


In the absence of the catechol nucleus, the 
as quickly. 


compounds are not destroyed 
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TIIK .TOnRXAI. OK I.AUORATOKV AXI) CUXICAL MICDKiIXf: 


The nietliyl ^I'oiip in the ;ilj)hii (■:irl)oii position ])i’oloii!jrs jiressor jietioii Init 
diminishes its intensity. 

Tliis methyl p-roup may he responsilile foi- tim eenlral nervous sliimilation. 

The addition of a ])henolie hydroxyl proup reiluees the eentral sliniula- 
tio 2 i. Pai-edriiie has an ui'i'anpement in tiie i)enzene rinp similai' to that of 
tyramino. wliile its side ehaii\ is similar to henzedi'ino. It does not .stimulate 
the nei'vous .system. (\)i-l)asil is iion.stimulatinp. 

Ephedi-ine and I'olated eomponnds. nidihe e})inej)hrim‘. ])roduee tachyphy- 
laxis. Successive doses piven at .short intervals exei't pi-opi-essively dimini.sh- 
inp effect. 

(iaddum’s theory of the action of epheili-ine, proj)adi-inc. ijenzedrine. and 
I’clated comi)ound.s is an attractive hypetthesis. Amine oxidase destroys epi- 
nephrine hy oxidation. Mi)hedrine. lilcc epinephrine, h.as an attraction toward 
amine oxidase. Indeed, its attraction is pi'eat(‘r, hji)hedi'ine comhines with 
amine oxida.se, thereby pi-oteclinp the epinej)hrine noiinally ])re.scnt in the body, 
('onserpienlly, ei5ijie])h?'ine appeai-s to become more active. Ephedrine po- 
tentiates epinejihrine by lilocddiip amine oxidase. E])hedi'ine beinp slowly 
oxidized, persi.sts in eombination with amine oxidase. 

This would explain why small <lo.ses of ei)hedi-ine appear to inerca.se the 
activity of epinephrine. AVithout havinp made quantitative studie.s, ^vc have 
recognized the apparent increa.sed effectivene.ss of an ephedrine-opinepln’iiic 
combination a.s compared with stiviipht ei)inei)hrine in clinical ■woidc and have 
u.sed .such a combination routinely for the past ten yeai's. Oui' preparation 
eonsi.st.s of equal parts of 1 ; 1,000 epinephrine solution and 3 per cent aqueous 
ephedrine. The dose of the combination has been the same as the do.se of 
1 :1,000 epinephrine alone, usually 0.3 e.c. of the mixture. 

Large doses of ephedrine .sometimes ai)])ea)- to do the reverse, blocking 
epinephrine effect. The explanatory theory is tliat ephedi'inc. like epinephrine, 
may combine udth the chemicals of the .symirathef ic myoneui’al .iunction. 
Ephedrine exerts no sympathomimetic action itself, and in this chemical com- 
bination it blocks epinei)hi'ine. ob.structing the activity of the latter. AVith our 
small clinical doses this has not been a problem. 

A suggested explanation of the central stimulation of benzedrine (Alann 
and Quastel, 1940) is based on the theory tiiat these compounds combine with 
amine oxidase, blocking its activity. A.s stated abo^-e. the oxidation of certain 
amines releases aldehydes. Aldehydes exei't an inhibiting effect on cerebral 
respiration (oxidation). Benzedrine binds amine oxidase so that it cannot 
oxidize the amines. I’oxic aldehydes arc not liberated. As a consequence 
cerebral re.spiratiou is less impeded. 

CLIXICAL API'IJCATIOX 

Prom lime to time new synthetics of this series are jiroposed for clinical use. 
The first question usually is, “Is it as good as epinephrine or ephedrine?’' The 
tendency is to weigh the effectiveness of anj' other compound in terms of these 
two. Propadvine, benzedrine, and neosynephrin arc compared rvitli ephedrine. 
Proprietary nebulizers with solutions having special trade names such as 
ALaponefrin or Neosol are presented, .sometimes with the innuendo that the 
solution is superior to eirinephrine. On questioning, one is usually informed 
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that the niatc'vial is alpha im'thylaiuin<»-iM‘ta-iiy<lr()xyl (iiliydroxyhciizciic. Study 
of Tahlo 1 indicati's that tliis is (“])iiii‘phriiii‘. h'or "(Micral syinj)ath()iiiiiiu‘tia 
effoi't. iiothinir has as yet Ikhmi found sujxM'ior to (■])iuo])]iriiu*. 

Wo do not iiu])ly tliat tio sitoli coiujxuind may ovontiially l)o found. (lunii 
has foriuulatoil four oritoria for tlio idoal syiujiathoiuimot io : (1) it should 
ho ofTootivo wlu'u trivou orally; (2) its :»otion should ho luoia* i)rolontrod Ilian 
that of cpiiiophriiK' : ('•)) it should lio more oortain than ojiliodriiio; (4) llioro 
should ho no oontral stimulation. Tho noarost ajiju-oaoh in our ])ast oxiiorioncc 
has hoi'u tho mixturo of (“pino]ihrino and (‘jihodriiu-. which, howi'vor. still re- 
(piiros hy]iodormio administration. 

Though tho idoal symiuithoniimotio is not yi-t at hand, it may he* that one 
compound is superior for ono 1y])o of offo<-t. while others are hotter for other 
actions. This is true with jirojiadrino. honzodrino. noosynoiihrin. and ])aro- 
drinc. The (luostiou sho\d<l not ho “Are llu'y as >^ood as oiiincphrinc or ophed- 
riiie,” hut rather. “Do they excel those in one or another aedivity. and do 
they have any superiority in lessoned undosirahlo side clTocts?’’ 

Ejunejihrine, for exaiujile. is eftl'ctive in shrinkinir tursicscent nasal mucosa. 
In fact, it is loo efi'ective. producin<r so much vasoeon.striction with tissue 
anoxia that secondary vasodilatati<»u may ensue, with eonscfiuent increased 
edema. One to .3 per cent ephedrine ])roduees local deeontie.stion. usually ade- 
fiuate, and not enou'rh to cause anoxia. Xeosynephrin appears to have special 
value hero in that it is effective in much lower concentration (0.25 per cent). 
Although benzedrine produces undosirahlo central stimulation, its base is 
volatile. This gives it definite value as an inhalant in na.sal allergy. 

On the other hand, neosynephrin exerts little action when taken internally, 
except in large doses. It is about as effective as ephedrine in relaxing broncho- 
spasm, but for adeciuate dosage it must be given hypodermically and is there- 
fore inferior to ephedrine. although it has a slight .superiority in that it exerts 
less nervous stimulation. Although benzedrine dilates the bi-onchi, this effect 
is not marked, and thci-e is little change in respiratory rate, minute volume, 
or "sital capacity. There is no unanimity of opinion concerning its action on 
gastrointestinal musculature. 

We see therefore that neosynephrin and benzedrine base are superior com- 
pounds for topical application hut possess no outstanding superiority Avith 
regard to other effects in the allergic diseases. The value of benzedi'ine in 
narcolepsy might be mentioned parenthetically, although this is not in the cate- 
gory of allergic diseases. 

Paredrine exerts little action on the bi-onchi or gastrointestinal tract. It 
has pronounced pressor action and is not stinndating to the nervous .sj’stem. 
Its outstanding effectiveness is as a mydriatic. 

Propadrine exerts less central stimulation than ephedrine or benzedrine, 
has about the same pressor activity as ephedrine, and is about as etfeetive 
Avhen applied to the nasal mucosa. It may be given by mouth in the same dose 
or double the dose of ephedrine. Propadrine therefore finds use Avith patients 
Avho find ephedrine too .stimulating. 

iMany other compounds have been studied, including kephrine. .synephrin 
arterenol, paredrinol, sympatol and epinine. Since none have superior effective- 
ness in relieving loeal or general allergic reactions, we shall not discuss them 
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The lisl of coni])oun(ls which niitjhl he superior in one or another respect is 
not complete, and the desirability of contimiinff the search is obvious, even 
though one must realize tliat a majority of tlie relatcsl compounds may be less 
cffoclivc than those now available. 

I'l.AN’ OK invi;sti(;atiok 

On the assumption tbal certain compounds nuiy .show supci'iority in reliev- 
ing one or another but not necessarily all allei-gic respojises, clinical investiga- 
tion should include a.ssay of .sympathomimetic and allied responses in all tissues 
that lend themselves to objective* investigation. t)ur preliminai’y jn'ogram was 
outlined as follows: 

Increased ('apiUanj Pcrme<dnlH}i. A com]>ound which will diminish capil- 
lary hyper])ermeability. basically characi eristic of the allergic response, should 
be of value, provided no undesired side ctTeets accompany this action. Objec- 
tive study might include the action of <1rugs u])ou ex])erimenta!ly induced 
hi.staniinc and allei-gen wbeal.s. Epincphidne oi- ej)bcdrine. or botb, .should be 
u.sed as .standards for compari.son. 

Localized subcutaneous edema of the angioneurotic tyj)e might be .studied 
in its respon.se to sympathomimetic drugs by determination of ti.s.sue tension 
in the edematous area (Vaughan anil I’ipe.s. lt)4()). 

Both methods were employed, but it was fouml that tissue fen.sion changes 
in wheals were not always .sufTiciently pronounced foi* reliable evaluation, and 
that the problem of producing angioneurotic edema at will in j)redi.spo.sed 
persons could not be easily .solved. Ti.ssue tension studies were thereforo 
discontinued. 

The action of comijounds on whealijig was studied in botb normal and al- 
lergic persons. 

Bronchial Ohsfruclion. The obstructive jihenomenou in bronchial asthma 
is probably duo to local .submuco.sal edema as well as bronchosjiasm. In the jire.s- 
ent stnd.v it is unimportant which is the dominant factor, since the de.sirecl 
therapeutic result, bronchial dilatation, would hold in either case. 

Alc.xander and Kountz and others have shown that epinej)bi-jne aiid epbed- 
idnc increase vital capacity in a.sthmalic and in normal persons. Starr, also 
Richards, Barach and Ci'onnvell suggest that maximum ventilation in liters 
per minute nuiy be a better index of improved pulmonary function than vital 
capacity. 

At the beginning, vital capacity studies wei'c made. Later these were sup- 
plemented with ventilation capacity determinations. 

Local Vasomotor Response. Here again it is unimportant whether the reac- 
tion in the nose is due to increased capillary i)ermeability or vascular dilatation, 
or both. The thei'apeutie criterion is incrca.scd ventilation through the no.se. 

We have found the most sati-sfactoiy measure of nasal mucosal shrinkage 
in the fTlatzel-idulinos na.sal mirror. This gives roughly quantitative results. 
Our adaptation of this method has been desciabed elsewhere (Vaughan and 
Derbes, 1941). 

Gastrainlcsiinul Jlijpcrfoniciiy. There is no genej-ally accejjted objective 
method for clinically determining the resi)onse of smooth muscle in the iutes- 
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tiiu's. 'I'lu' iiu'UukIs used liiivc yicldcil cuiillii'tinir rrsidls ((Mr., in i1h“ cii.'^c <d 
beiv/.cdriiH') . It siH'iiu'il friiillcs.s to r(‘)H*iit tlic.si' ])i’(»ct‘dur('.s. Sid)j(“(“ti% c tc.sts 
M'cre made with smiu’ imt.soms subject to rc])c:itc(l frastroiiitcsliiial allct'fric 
voactioiis, manit’(’stcd csiu'cially l»y distention. iiese jiatients tried difterent 
preparations repeatedly, not knowinvr \vhi(di were heintr iiiven, and expressed 
their eonehisions as to wliieh were more efieetive. ^\ e found ])roj)adrine, and 
ephedrine most efl'eetive. Propadrine was jiret erred since it ])rodueed less 
jitters. 

Toxic AUrrc/ic Fatifinc. In our (‘Xperiimee a i>l)aso of pronouneed fatijrue 
is an oceasional aeeompaniment of food aller<;y. esiu’eially if the allerfrenic food 


is not rapidly removed hy vomitinir or diarrhea. This fatirrnc may appear 
within from thirty minutes to several hours, and usually lasts for twenty-four 
hours or longer. Certain persons appear to he es])eeially susceptible to this 


response. 

Here, a^nin. any evaluation must be .stihjective. Two persons who were 
subject to allersrie fatitrue and were well acrpiainted with the manner of their 
re.sponse to allerfienie foods evaluated dift'erent comjjound.s in tei’ins of com- 
parahle relief from b in',', of benzedrine. Benzedrine was most effective and 
had least uniileasant side effect in 5 lu". dosapre. Propadrine hydrochloride. 
25 mgr., and neosynephrin hydrochloride. 10 mgr. capsules, were somewhat le.ss 
effective but had a definite benzedrine-like stimulatimr action and no unpleas- 
ant side effects. Reta-o-methoxyphcnyl-n-propyldnnethylainine hydrochloride,® 
50 mg. capsules, was slightly lower in stimulating action than propadrine. 
Ephedrine caused little stimulation and much jitters. 

It is regrettable that no adeciuate objective measures of therapeutic ben- 
zedrine effect are available. This drug in usual dosage produces no consistent 
or diagnostic change in metabolic rate, blood .sugar level, or deep reflexes, or 
in the formed elements of the blood. Evaluation must be made in terms of 
elevation of mood, euphoria, lessened fatigue, enhanced motor and speech 
activity, feeling of increased efficiency and increased ability to concentrate, 
irritability and sleeplessness. 

rndeaircd Effccis. Notations were made of unde.sired responses, Avhen pres- 
ent, such as palpitation, tremor, “ jitteriness,’’ blood pres-sure elevations, tachy- 
cardia, urinaiy retention, etc. 


ORIENTATIOX STUD1E.S 


A preliminary survey Avas made to determine Avhether the contemplated 
methods Avould be sufficiently sensitiA'e. This evaluation included study of the 
blood pressure, pulse rate, and A'ital capacity and notation of the presence or 
absence of palpitation or jitters. Increa.se in the number of leucocytes and 
erythi-oeytes per cubic millimeter of blood was also determined (Table III). 

e started Avith methyl raeephedrine and beta-o-methoxA-phenyl-n-propAd- 
fbmetly-lamine hydroehloridet (Table lY). These were compared AA’itli epi- 
nephrine and ephedrine. 


herealter be simplifled to read, '‘metho.v}-plienvl-propvlcrtmethvlam:r,o •• rr„, 
studied were prepared accordinB to the methods described by Woodruff, 
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Three leiKlis eni)ie eenf inieler of I rl.OOO (‘j)iiie[)]iriii(! suljeiiliineoiisly pio- 
<lneed an aver!if>(‘ increase in I)loo<l pressure of 24 mm., an increase in pulse 
rate of ,11. and an average increase in vital capacity of 272 c.c. Tin's was 
ii.snally accompanied by i)ali)ilat ion and .jitter.s. 

Epliedrine, 25 mp. subcutaneously, caused an avei'a^e rise of 12 nun. blood 
pressure, an increase in pulse rale of 6. and an increased vital capacity of 
167 c.c. This also usually caused jitters. 
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diethyl racepbedrine and metbo.xypben.vl-propyldunetbylamino cau.sed no 
increa.se in blood picssun- or ()ul.se rale and no jitlei's. They did pi'oduco an 
increa.sed vital capaeil.v. le.ss. bowever, Ilian that produced by epliedrine (Table 
III). The .second pri'iiaralion cau.sed a slijrlit <l(>erea.si‘ in blood pre.ssure. 

Tbc.se studies were made wit bout kno\vledp:c of the previous laboratory 
results with animals. They were Iben compared. The correspondence between 
laboratory and clinical results appeared to be .satisfactory. The jire.ssor activity 
of epliedrine bad been found to be from l/10l)lb to l/2r)0tb Ibal of epinc])brinc. 
while inetbyl racepbedrine was 1 ''4.0001 b and metbo.syiibenyl-propylffmietbyl- 
aniine bad been slijrblly depre.s.sor in animals. 'J'be correlation in bronchial re- 
laxation was not as prood. We found an averaire increase in vital capacit.v after 
methyl racepbedrine of only 74 e.c.; and after metbo.x.A'pbcnyl'propyldmietbyl- 
amine, 74 c.c. Isolated lunjr te.sis bad indicated that the two new compound.s, 
especially the latter, inijibl be .superior to eiibedrine in rcla.xinfr broneboeon- 
striction. AA'e bad "iven them in the same dosafre as epliedrine (25 mg', sub- 
cutaneously). 

The preliminary studies indicate Ibal in identical do.sage neither of the 
substitutes is as effective as epliedrine in inereasiii"' vital capacitj*. Further, 
none of the three is as effective as epine})lirinc. However, two po.ssibilitics 
rvere obvious. First, the new drug’s miglil be as effective as epliedrine, or more 
so, if given in larger doses. To.xieity studies indicate that niueb larger dosage 
ma.v be safely employed ('J’able IV). If in larger rpuiiitities they do not pro- 
duce jitters as does epliedrine, they might have value in therapy. The second 
possibility was based on the absence of pressor rc.sponse and tacliyeardia. 
Some effective drug may be found which in adequate dosage causes no increase 
in blood pressure. 

Five .subjects rvere used in each vital capacity series, four normals and 
one asthmatic. Epliedrine produced increased A’ital cajiaeity in all subjects. 
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]%])inopliriiio t’nih'il to ])ri)flufc iiuTciisc in one subji’d. luul tlic two oplu-'li-ino 
.•iiialojiUcs failed in two and three suhjeets. respeetively. 

The one astlunatie in tin* s('ries had an inereasi* ot 400 e.e. after epinephrine. 
TO e.e. after ephedrim*. and none after inetiiyl raeeplie<lrine or nietho.xyjdienyl- 
propyldhnethylaniine. 

Tlie second ])hase of the orientation stinly involves disapiiearanee fit his- 
tamine wheals after inedieation. \Vheals were proflneeil hy the injection of 
0.03 e.e. of 1:1.000 histamine hydrfxddoride. They were fully evolved after 
five minutes. We first fleterminf'fl the lime rcfiuircfl for involution of this 
wheal. Thereafter, the dnurs were injected snheutaneonsly five niinutes after 
the intraeiitaneons injection of histamine. 

No more raiiid involution was caused hy 47.1 m^. of T-aee])hedrine than in 
the controls, while 04.2 nu^. of raeephedrine eausefl as rapifl involutifiu as after 
0.3 e.e. of 1 ;1.000 eiiiiu'phrine. Subjective symptoms were as pronounced after 
04 ni". of racoidiedrine as after ejiinephrine. Paljiitation and jitters persisted 
for four hours. At the end of four houi's another histamine wheal was pro- 
duced. This wheal was smaller than the oriiiinal. indieatiuii an inhibitinji 
effect from 04.2 nur. of raceiihedrine at the end of four hours. 

We next compared the involution after 50 m*:. of ephedrine with that 
after 46.4 m^. of methyl raeephedrine and 45.8 nur. of methoxyphcnyl-propyl- 
di'methylamine. ^Methyl raeephedrine was less effective than ephedrine. The 
second product, in slightly lower millijrram dosage, was eomparahle to ephedrine. 

This observation, if substantiated hy a larger scries, might suggest a specific 
function of mcthoxyphenyl-propyldunethylamine in the control of allergic di.s- 
eases associated with whealing or increased capillary permeability, especially 
since in comparable dosage (46 mg. vs. 50 mg.) less side effect (palpitation and 
jitter's) was noted than after ephedi'inc. 

The final phase of the orientation study consisted in therapeutic trial, gimng 
the two preparations iir capsule form to persons with active allergic symptoms. 

Fifty-two patients with various allci'gic symptoms were gh'en methyl 
raeephedrine. 51 patients receir'ed methoxyphenyl-pi-opyldfmethylamine (each 
in 25 mg. dosage hy mouth). Of these, 34 were given both. Not all repoided 
results. Thirty-two reported on the former, 35 on the latter, and 22 on both. 

Of the 32 receiving methyl raeephedrine, 19 repoiled subjective improve- 
ment and 2 described unpleasant symptoms. Of the 35 reeeirnng methoxj'phenyl- 
propyldimethylamine, 25 Avere helped and 2 reported unpleasant sA'mptoms. 

Eleven reported equal relief fi-om both drugs, seven had no relief from 
either, three concluded that methyl raeephedrine was more effectir'e, fir'e that 
methoxyphenyl-propyldhnethylamine was more effective, and 14 concluded that 
the di-ugs were equally beneficial (Table Y). The drugs rvere equally effica- 
cious in asthma and rhinitis. IMethoxyphenyl-propyldfmethylamine was possibly 
more effective in urticaria. 

These patient experiences appeared to confiim the objectir-e .studies in indi- 
cating that the drugs had some effectiveness in reliertng broneho.spasm and that 
toe second was more effective in the relief of whealing. 
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At the torniination of tlic.se orientation slnclic.s, we bcliovod that we inul 
evolvcil a reliable technique for elinieal phiirinaeolojiie stvuly witli whi<;h to 
stnily these and other ephedrinedike drutxs in varyinsr dosajre nsiiifr lar^nn- 
serie.s of subjects. 

Taiii.v. V 

l{i;sn,T.s or Ci.imcai, TniAr. 
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•Drug 1 z= Methyl racephedrine hydrochloride. 

Drug 2 = Beta-o*methoxyphenyl-n-propyldimeU»ylamjne hydrochloride. 


ASSAY OF EPINEPHRINE AND EPHEDRINE AN.\EOGUES 

The program of clinical assay as we have developed it includes deter- 
mination of the pulse rate, blood pi-e.ssurc, and vital capacitj’^ before and after 
h3rpodermic administration of the test drug, and the effect of the injected 
material on the evolution or involution of histamine wheals produced either 
by iontophoresis or intracutaneous injections. In this series we did not study 
the local effect on the nasal mucosa. 

In some of the series vital capacity determinations were supplemented 
by determinations of the coefficient of ventilation, as described by Brice. The 
coefficient of ventilation represents the ratio of oxygen consumed per minute 
to the oxygen respired for a minute. Theoretically, this test has an advan- 
tage over the vital capacity test, since, in the former, the patient rests pas- 
sively, while in the latter active cooperation is required. Determination of 
the coefficient of ventilation is as follows : 

The patient reports in at the same time each day, but not neeessarilv in 
the postabsorptive state. After a twenty-minute re.st in bed a tracing is made 
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similar to that for the basal metabolic rate determination. We ii.secl the Jones 
metaliolism apparatus. Tlic usual line touebinir the jioints of expiration is 
drawn, as well as a line touebiiifr the points of iiisjiiration. The distanec 
betu'cen the lines niea.sures the mean respiratory amplitude (MHA) or tidal 
ventilation. The time requii’ed to eonsnme one liter of oxypen is dcterniined, 
and from this the cubic eentinieters of oxyfren consumed pm- minute (OX’) is 
calculated. The average respiratory rale (AI?T?) is obtained by counting the 
total re.spirations and dividing this total by the time reipiired for the te.sl. The 
coetfieient of ventilation is then ealeulated from the formula; 

OV 

“ A1?K X .’tIHA 

After eom])lotion of the tracing and recording of ])ul.se rate and blood pres- 
.sure, the patient stands ne.xt to the bed and blows into a .spirometer for inea.s- 
urement of the vital ea])acity. after Avhieh ho again lies down. These determi- 
nations are repeated after twenty minute.s, aftm- which the drug to be le.stcd 
is injected .subcutaneously. The four determinations, juilse rate, blood pres- 
sure, coefficient of ventilation, and vital eapacity. are tben i-epeated at twenty- 
minute intervals for an additional two hours and twenty minutes. The total 
time required is three hour.s. To avoid the iiossibilily of cumulative etfeet. 
only one drug is tested eai-h day. Kneh subject was tested with each of the 
drugs under study. 

The respon.se to 0.4 e.e. of 1 rl.OOO epinephrine as a standard for compar- 
i.son was .studied in nine ea.se.s. In .seven, determinations were made of re- 
sponse to 50 mg, of ephedriue. 25 mg. of ophedrine. 50 mg. of methyl racephed- 

rine hydrochloride, 50 mg. of bela-o-melhoxyphenyl-n-prop.vl-dimethylaniine 
hydrochloride, and 50 mg. of bota-o-melhoxyphcnyl-n-i)ro])yl-methylaminc hy- 
drochloride.* The time required was not inconsiderable, amounting to 44 .seances 
of three hours each. The results arc .summarized in T’able VI B. which i.s de- 
rived as follows: 

The actual determinations are averaged, as illustrated for the ease of epi- 
nephrine in Table VI A. The fir.st vertical column on Table VI B i.s derived 
from Table VI A by .subtracting the higher of the two control figures from the 
highest of the several average figures recorded aftei- the injection of epineph- 
rine. Figures for the other drugs were derived from tables similar to I'able VI A. 

Epinephrine increased the vital capacity an average of 460 c.c. as com- 
pared with 120 c.c. for ephedriue, and 20, 70, and 30 c.c. each for the analogues 
tested. The coefficient of ventilation rvas increased most after epinephrine, 
while the analogues compared favorably with ephedriue in this rcsjject. 

As a cheek on the reliability of tho.se objective methods of study of respi- 
ratory efficiency, clinical trial was made by-^ dispensing 25 mg. cap.sules of the 
analogues to 70 patients with asthma, 35 with rhiniti.s, and 19 with urticaria 
for comparison with each other and rvith 25 mg. dosages of ephedriue. In no 
ease was the effectiveness superior to that of ephedriue, and in the majorit.v 
all three analogues were less effective. In comparing the three among them- 
seh-es some patients believed that one was a little bettor, while other iiatients 


See footnote,* pagre 261. 
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soloftl'tl auodu'i'. While there was no unil'orinily heta-o-inetlioxyphenyl-n-iiroiiyl- 
f/haethvlauiine hydroeliloride was seleete<l a iilllc' more olten as hetlei’ llian 
the other two in i)oth asthma ami nrtiearia. hhirtiiei'iiiore. it <le])resse(l t‘X])eri- 
nu'iital liistamine wliealinv: (U'finitely better tlian the otlu'r two. ami indeed. 
sli"htl.v more eft'eetively than did ejdtedrine in tlie same dosajK*. 

It is onr im)n-essiun that llie im‘rease in vital eai)aeity after these several 
drn^s move nearly imralleled their aetnal ell’eetiveness in relievin': asthma than 
did the ehan'j:e in the eoefiieient <if ventilation. This is fortnnate to the ex- 
tent that vital eapaeity determination is mncdi less time-eonsninin,:: than ven- 
tilation eoefiieient determination. 


TMii.r vr A 


Efkkct ok t^nireTANKoes .\iiM!Nisti:atiok ok n.4 e.e. ok ICi’ixKrma.s'K ox tiik Pki.sk Rati;, 
Bi.oon I’r.F..ssrnK., A'itai. C.\i’ArtTY. Axn ('■of.fkh ikxt ok Vkxtii.atiox (.Vvkkaoi: of 9 Casf.s) 



1 r:oxTi:oi. I 

MINITKS 

AKTKK INMKrriOX OK KI’I.VKKIIKIXK 


1 1 

-.1 

29 1 

1 -If* 1 

c.n 

1 so 

ion 

120 

140 

Pul?e rate 

si.a 1 

.SI.:; 

S\.4 1 

SI.9 1 

Sl.l 

79.4 

7.S.9 

7.S.0 

.sn.o 

BIooil pressure 

11S.S 

p’n.i 

12S.0 

12.').S 1 

12.‘).S 

122.0 

1 1 7.(1 

119.9 

120.9 

\ ital capaeitv 

2.49 

2.f>0 

2.99 

.i.or, 

:i.n 

.t.Ol 

2.74 

2.(1.1 

2.(10 

Cocfiieicnt of 
veniilatinn 

0^0 

2..‘)S 

;!.4(> 

} 

3.4 n 1 

1 

;(.9i! 

.a.9R 

4.20 ' 

1 

4.4S 


Tabu; VI B 


Aver.WiF. Ixcrf,.\sf. IX I’ei.sE R.\tf, Bi.ood Pr.EssniK (mm. Ho). Vitai. Cakacity (LiTF;r..s) AXn 
CoEKFiciEXT OF Vextii.atiox Akteu SrncvTA.XEor.s Ti:eatmkxt With Te.st Rnros 



mxKPii* 

RINK 

1:1.000 1 

0.4 C.C. 1 

1 

1 

KPHKI)* 
RINK 
oO MO. 

KPHKJ)* 

RINK 

25 MO. 

MKTHYL 

RACEPHKD- 

RINK 

50 MO. 

1 BETA-0- 
MKTIIO.XY- 
rilENYL' 
N-PROPYK- 

di- 1 

mf.thyk- 

AMINK 

50 MO, 

BETA‘0- 

M ethoxy- 

PHENYL- 
N-PROPYL- 
M ETHYL- 
AMINE 

50 mg. 

Pulse rate 

0.(1 

3 

1.1 

0.1 

0.3 

1.2 

Blood pressure 

7.9 

10..5 

3.2 

11.3 

5.(1 

11.9 

t ital capaeitv 

0.40 

0.12 

0 

0.02 

0.07 

0.03 

Ooettieient of ventilation 

1.90 

0.41 

n.S7 

0.92 

n.7C 

0.C9 


As a final cheek we ran another series of vital capacity determinations on an 
additional six eases, comparing the response to ephedrine, methyl racephedrine, 
and beta-o-methoxyphenyl-n-propyl-dimethylamine hydrochloride, given snheu- 
taneously. Beta-o-methoxj'phenyl-n-propylmethylamine hydrochloride rvas not 
used in this series, since it had been found clinically to be the least effective 
of the thi-ee. The average increase after ephedrine Avas 190 c.c. ; after methyl 
racephedrine, 120 e.e. ; and after beta-o-methoxj'phenyl-n-propyldimethylamine 
hydrochloride it was 250 e.e. This .shorvs the .same superiority of the last over 
methyl racephedrine. When this last series is compared with the results in 
Table 1 1 B there is a consistency in the findings, indicating that rutal capacity 
determination is an adequate measure of the effectiveness of these dru^s iii 
a.sthma. 


Beta-o-methoxjTjhenyl-n-propyl-dimethylamine hydrochloride was no more 
effective clinically than ephedrine, and yet in the last series it ivas more effee 
tive in increasing the vital capacity to the extent of 60 c.c. We conclude that 
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(lOXCIjrsiON.S 

A profinini Juis ))(!on dovisod Tor llio cJiiiiod nssay of cjjlKMlnnc analogues. 
Tills eon.sisfs in serial doferniinaf ions (before and after liyiioderinic adminis- 
tration of the drug:) of pulse rate, blood pre.ssnre, and vital caiiaeity; determi- 
nation of the drug’s effect on the evolution and involution of histamine rvlieals; 
and study of the local reaction in one side, of the no.se compared with the other 
side as a control, with the use of the fllafzol-Jlulinos ^lirror. as modified hy 
Vaughan and Derbes. 

Both epinephrine and ephedrine slnndd be used as comjmrison controls. 
Superiority over e])hedrine should require an avmmge increase of vital capacity 
of at least 75 c.e. better than ephedrine. 

Results of such ob.iective stud.v .should be checked by clinical trial. 

Failure of an ciihedrine or ejiinephrine analogue to benefit one allergic 
symptom or reaction does not neee.s.sarily mean that it will be ineffective in 
all .such reactions. Clinical a.s.sa.v should, therefore, evaluafe the several types 
of re.spon.se. 

The (lru(r.<! .studiod wore provided tiiroiiKli the cnurtf.‘;.v of TliO Upjohn Ko.'ip.'irch L-iborn- 
torlo.s where prollnilnnry plmnnacoloplc Inhoratory inve.-itlKatlon.-) had been made. 
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THE EFFECT OF TESTOSTERONE PROPIONATE IN THE 

treat:ment of arteriosclerosis obliterans® 


IIkumax Zrunow, ^r.D.. Oamlii'.i^ SA(-AN*D,f ^r.D., CitAUiA-s Ki.kik, ]MJ).. and 
Stani.ky nni-DMAX. Ni;\v Youk, N. Y. 


T he efi’ects of tostostfroiio on the Viiscularily of the skin’ and on muscle 
tissue inetaholism"' ' I)ave sn!';j:csted its use in the treatment of })atients will) 
arteriosclerosis ohlitcrans. Tliis is a rei)ort of a ])relinunary study made with 
the intention of evaluating results in a small serif's of cases to determine the 
advisability of further work along these lines. 

We studied 23 patients; eight of these were treated rvith biweekly intra- 
muscular injections of 25 mg. of tc.stostcrono propionate; fifteen patients were 
control eases, receiving biweekly intramuscular injections of 3 c.c. of normal 
saline. All patients were ambulatory and had had a complete general and 
peripheral vascular study. The peripheral va.scular status was determined on 
the basis of that study.'' The patients had received no previous treatment for 
peripheral vascular disease. All were instructed as to foot hygiene and care, 
diet, and general measures, as outlined in our clinic routine. All patients were 
re-examined and studied at approximately three- to six-month intervals, and 
their peripheral vascular status was determined according to the follomng 
criteria : 

A. Vascular anatomic status; This was determined by the evaluation of 
the amplitude of vessel pulsation determined by palpation, oscillometry, tem- 
perature changes, rubor on dependency and pallor on elevation, and roent- 
genograms for arterial calcification. This factor was graded from four plus 
(severe) to zero (no involvement). 

B. Tissue anatomic status: This was determined by the degi’ee of in- 
volvement of the supei*ficial and deep tissues, and graded four plus when 
gangi'ene was present, three plus when ulceration was present, two plus when 
infection without gangrene was present, one plus when skin atrophy mnscle 
atrophy, nail changes, or epidermatophytosis were present, and zero when no 
apparent involvement was present. 

C. Rest pain: This refers to pain, other than that of claudication, and 
includes neuritic pain, paresthesias, coldness, night cramps. This was graded 
four plus for severe pain, to zero for no pain. 

D. Claudication: This was measured by the patient’s statement regarding 
the number of blocks he could walk before pain in calves supervened. He was 
graded four plus if he could walk only one-half block; three plus if he could 

City. Department ot Peripheral Vascular Diseases, the Bronx Hospital, Xetv Tork 
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Avalk onc-half to two blocks; Iwo plus, if two to four blocks; one plus, if more 
than four blocks, but si ill limilofl; zero, if no claiulicalion was present. 

E. Vascular reserve or (,*ai>acily for va.sotlilalalion ; This was studied 
by means of (he Ihcrmal vasodilatation tost.-' Whore this lest did not produce 
complete vasodilatation, nerve block was j)erformcd for corroboration.'’ Vas- 
cular reserve was graded four plus for full dilatation; i.c., a rise in skin 
surface temperature of the big toe to 30.5° C.; three plus, a 75 per cent rise 
from the initial temperature to 30.5° C.; two plus, a 50 per cent rise; one plus, 
a 25 per cent rise; zero, no rise. 

F. Funetional classification: This rcprc.scnts a summation of the disease 
factors. Class T, patients with organic vascular disease without symptoms; 
Class Ila, patients with organic vascular disease with minimal symptoms; Class 
Ilb, patients with organic vascular disease with moderately severe .symptoms; 
Class III, patients with organic vascular disease bedridden because of gangrene, 
infection, or intractable pain; Cla.ss IV, patients with symptoms, but with no 
demonstrable organic vascular disease. 

We are reporting the results of our findings at the end of a three- to 
seven-month period, an eight- to fourteen-month i)eriod, and a fourteen- to 
eighteen-month period of treatment. 


UE5UnTS 

After treatment for three to seven months, four patients treated with 
testosterone propionate showed no improvement in vascular status; two oi 
these patients were improved in tissue anatomic status, rest pain was lessened 
in two cases, claudication was improved in two cases, vascular reserve was 
improved in two cases, and functional status was improved in two cases. 

Of the seven control cases observed for this period, four cases were im- 
proved in vascular anatomic status; two cases were improved in tissue anatomic 
status, rest pain; and claudication time were not improved in any case; three 
cases were impro-v-cd in vascular rcseiTc; two cases were improved in func- 
tional status. 

It will be noted that for this period of study results were equivocal. 

After eight to fourteen mouths of treatment with testosterone propionate, 
none of the six cases studied showed improvement in vascular anatomic status, 
two were improved in tissue anatomic status, rest jiain was unrelieved in any 
case, four were improved in claudication time, three were improved in vascular 
reserve, and four were improved in functional status. 

Of six control cases, two improved in vascular anatomic status, none un- 
proved in tissue anatomic status, none was relieved of rest pain, two were im- 
proved in claudication time, three 'were improved in vascular reserve, and 
two M'ere improved in functional status. 

It will be noted that, for this period, no encouraging results were obtained. 

After fourteen to eighteen months of treatment with testosterone propionate, 
one of the two cases studied was improved in vascular anatomic status, one 
improved in tissue anatomic status, one in claudication time; rest pain was not 
present, both improved in vascular reserve, and one improved in functional 
status. 
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0£ tlie six control coses, two improved in vasculor anatomic stains, two 
improved in tissue anatomic status, none Averc relieved of rest pain, three Mere 
improved in claudication time, in vascular reserve, and in functional status. 

It M-ill he noted that, for this period of treatment, results were not 
encouraging. 

SUMMARY 

Twenty-three patients suffering from obliterative vascular disease of the 
lower extremities Avere studied to note the effect of tc.slostcronc pi’opionate 
on the signs and symptoms of their disease. Eight cases received hiAA’cekly 
intramuscular injections of 25 mg. of testosterone propionate; fifteen patients 
Averc ohserA'cd as controls. The entire study Avas carried on over a period of 
eighteen months. 

No significant effect Avas noted in the treated cases A\’ith respect to A'ascular 
anatomic status, tissue anatomic status, A-ascular reserve, claudication, rest 
pain, or functional status, as compared AA'ith the control eases. 
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A STUDY OF NORMAL CARDIAC RESPONSE TO AA^ATER BELOAA’' 
BODY TEAIPERATURE AVITH SPECIAL REFERENCE 
TO A SUBMERSION SYNTDROME*’ 


AA'". AY. Tuttle, Ph.D., and Joyce L. Templin, AI.A. 
loAVA City, Iowa 


TN ilANY institutions the importance of being able to stvim as a means of 
■I self-preservation is felt so keenly that everyone is required to acquire an 
elementary mastery of it. AVherever large groups are required to go into a 
sivimming pool, there are ahvays some who experience reactions so disturbing 
that they never have a feeling of ivell-being -when submergedt in water. In 
fact, in some cases, their reactions to submersion are so pronounced that it 
may appear hazardous to compel them to undertake to learn to swim. 

These special cases always place an instructor in a quandary as to what 
ahvays a question u'hether the person ivho appears distressed when 
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water. In all cases the head is out of the water, ^ ^ under 
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submerged in water merely is afi-aid, or wliefiier he actually has ])hyKiologi('. 
reactions wliicli might bo hazni’dous were lie left unsupervised while attempt- 
ing to swim. 

Bach year there arc numerous drownings attributed to heart failure, cramps, 
and exhaustion, Horton and Gabrielson' investigated the actual causes and 
concluded that, in all probability many drownings were due, in reality, to a 
.syndrome wliieh they called “liypersensitiveiiess to cold.” .As a result of their 
investigations, they ])Toj)ose two tests which seem adef|uate for detecting per- 
sons who are hypersensitive to cold. By making use of such tests it is pro- 
posed that persons who are hyper.scnsitive to cold may be appraised of the fact 
and can thus avoid unplea.sant experiences due to submersion in cold water. 

The tests proposed by JTorton and Gabriclson are (I) the ice-cube fe.st, 
and (2) the cardiovascular tc.st. The ice-cube lest is the simjiler of the two 
but is le.ss reliable because the .systemic reactions are limited. It is done as 
follows: a eulie of ice is held in contact with the forearm of a per-son in the 
sitting position for three minutc.s. If he is hyper.sen.sitivc to cold, a wheal 
slightly i-aiscd and surrounded by a i-ed fliiro will appear within two to five 
minutes after the removal of the ice cube. 

The eardiova.scular test is more complicated, but recommended, because 
it gives better .systemic reaction.s. The test consists of establi.shing rc.sting 
heart rates and blood pre.ssures in the supine position. Then the hand and 
forearm of the subject are immer.sed in water at a temperature of 8° to 10® C. 
for from five to ton minutc.s. At the end of five minutes of immersion blood 
pre.ssure and pulse rate are recorded. Then the subject’s hand is removed 
from the bath, and blood pre.ssure and pulse rate are taken every two minutes 
for the next fifteen to twenty minutes. At the same time oi)sei’vations are made 
for swelling, hives, color changes, and subjective sensations. 

In hypersensitive ])erson.s exposure of the hand and forearm to a cold bath 
causes a definite deci-ea.se both in .systolic and diastolic blood pre.s.sure.s, ac- 
companied by an increase in pulse i-ate. Other .symptoms of hyper.scnsitiveiicss 
arc swelling of the submerged hand and a definite maj-k of demarcation at the 
water line. 

The reactions of hypersensitive people to cold are said to be due to a re- 
lease of a chemical substance, histamine, from the tissue cells of the body m 
sufficient concentration to produce histamine reactions. In fact, the reactions 
of the hypersensitive person can readily be duplicated by the injeetioji of 
histamine. 

A number of studies have been reported on the effects of submersion m 
water on the physiologic reactions both of diving and land animals.- The 
results of these investigations parallel, to a considerable extent, those obtained 
in the case of man. AVhen diving animals go from land into the water, they 
suffer a marked drop in heart i-ate, provided they are accustomed to the sur- 
rounding environment. However, when land aJiimals are forcibly submerged, 
they do not show a similar reaction. The diving animals are observed to relax 
in the wate:-, while the land animals fail to do so. Duo to the unnatural 
environment even animals show phy.siologic, as well as psychologic, behavior 
which is dangerous to their existence in Avater. 
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The veaetions of some animals, as well as some liuman bcintrs, to even 
partial siilmievsion in water raise the question: Should people be foreed pro- 
miscuously into swimming pools, even though it is granted that swinnning is 
a fine sport, a healthy exercise, and a u.scful thijig to be al)lc to do? 

Eesoavches dcalitig with water submcrsioi\ show conclusively that man, 
when even ]mrtially submerged, experiences alterations in pby.siologie responses, 
especially those involving the eavdiovaseular system. 

AYclls^ .studied the ctTect of snbmor.sion in water of varying temperatures 
on heart rate. His technique was to place the sub.iect in a supine position in 
a .specially arranged tub in which water temperatnre could be controlled. He 
began with a temperature of (5h° F. and gradually raised it to 110° P. The 
heart rate was counted at every 5 degree change in temperature. The results 
of this study arc shown in Table T. 

T.MII.K I 


Eftect or ScBMEnsioK ix AV.\TEr- or Varyisg 'rEMrEr..\TL-r.r.s ox the Hhu’.t R.vte or 40 

XOr.MAI, AtAT.E SCnJECTS 


WATEpw TE^t^KnATunf: 
prXiUEES V. 

HEART RATE 

TER MIXUTE 

G5 

72 

70 

61 

75 

GS 

so 

06 

So 1 

Co 

90 ! 

64 

95 

64 

100 

70 

105 

87 

110 

120 


The data in Table I show that there is a decrease in heart rate due to 
.submersion until the water temperature approximates the body temperature. 
Prom this point on, there is an increase in heart rate as long as there is an 
increase in the water temperature. Since the temperature of swimming pools 
is maintained somewhere between 65° and 85° F., it is reasonable to expect 
that persons rvho respond normally rvill shorv a decrease in heart rate when 
submerged in a swimming pool. 

The results of an experiment by Tuttle and Corleaux^ are further evidence 
that the normal reaction to submersion in water is a significant decrease in 
heart rate. They compared the heart rates of 100 men sitting and standing 
in their normal environment with their pulse rates sitting and standing when 
submerged in Avater. The results of this experiment are .shoAvn in Table II. 
The figures are group means. The rates are for one minute. 


Table H 

AIeax Pulse Rates of a Group or 100 Men Before axd Dcrixg Submersiox is Water of 

SwijiMjXG Pool Teaiperature 



MEAX XOKilAli 1 

PULSE P^VTR 1 

1 MEAX PULSE 

RATE IX POOL 

MEAX CHAXGE IX 
PULSE RATE 

Sitting ' 

87 1 

76 

-11 

-14 

Standing 1 

98 

S4 


The data in Table II are further evidence that the normal reaction to .sub 
mcrsion m water of swimming pool temperature is a decrease in pulse rate. 
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In seekiii<^ lo o.stal)li.sh llie response of normal jjersons to submersion in 
water, it has been our experience that there lias always been a small percentage 
of cases who failed to conform to the reactions of the group as a whole. It is 
the purpose of this investigation to study the reaetions of this group who ap- 
pear to react abnormally to submersion. 

In order to bare available noneonformants for further stucly a group of 
persons, iimskilled in .swimming, were examined in the cla.ss .situation. Sixty- 
eight college women rogi.stcred in beginning .swimming cln.sses at the TJnivcr- 
sity of Iowa served as subjects. Their ages ranged from 17 lo 25 years. 

Early in the instructional period each girl was tested as to the response 
of her heart to submersion. First, a resting pnlse rate in tlic standing position 
was recorded, hkillowing this, .she climbed into the swimming pool and waded 
into water of shoulder deiith. After three minutes her resting pulse rate wa.s 
recorded again. The count wa.s eontimied at two-mimitc intervals as long a.s 
there was a ehange in pukse rate, or until a constant rate wa.s established. 

Of tJiG group of 68 women, 7 failed lo sliow a deei’case in heart rate while 
suhinorged in water and 61 rc.s])onded normally. A summary of the data col- 
Iceted from the normal group is shown in Taldc TIT. The figures arc group 
means per minute. 

Taiii.k in 

Cahwac Pk.si'O.v.sk ok 01 Kokmaf. .smurrT.s to yriivrasios is Wato: 


.AFEAX r!E.STIXO HATE .STAXDIXa 
(I'Er. .MINUTE) 

MEAN IIESTFXO FIATF; 

STAX F>FXr. — SVFl.M FIFUFK.F) 1 

(rr.Ft MINUTE.) ! 

F>im;r.EN('r. 


90 

77 i 

1 


The data in Table III .show that, on the average, llicre was a decrease of 
13 beats per minute, wbieb is practically the .same as that reported for men. 
The mean dcerea.so amounts to 14 per cent for women as compared to 12 per 
cent for men. 

I’able IV siiows the rclalion.ship l)etwccn I’csting pulse rate and the de- 
crease caused by submersion, 

Tabi.k IV 


Relation or Eestixo Pit..si: Ratj; to the UEcanA.sE i\ R.vtk Cai'.st;!) iiv .Si'R.'tEii.siox jx l\^\TEn 


BE.STIXO PULSE EATE (PEF! .AF/.VUTE) 

DFtOP nUE TO .SrFF.AFEn.SIOX 

70-79 

5 

S0-S9 

11 

90-99 

14 

100-109 

10 


The data show that the extent of the decrease in pulse rate due to sub- 
mersion in crater varies directly Avith the resting imlse rate. 

The group of 7 girls u'ho failed to respond normally to submersion in 
water Avere studied further. There Avere tAvo possible explanations for the 
abnormal response of this group; (1) there Avas lack of psychologic adjust- 
ment; that is, they Averc afraid. In the ease of adjustment to submersion in 
Avater, fright alone is sufficient to account for a failure to adjust normally; 
that is, experience a fall in heart rate. (2) There Avas lack of physiologic 
adjustment, 
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Oi'dinavily, one i-aii cxpoct that, ropciitioii of exposure 1o a strau'^e en- 
vironment -will condition a person so llial lie n'ill exliiliil normal lieiiavior. 
On the otlicrliand. it is reasonaide to sniiiiose tiial if ainionnai response is due 
to tlic failure of some physiologic mechanism to adjust itself, I'ojietilion ivill 
fail to cause an apprcciahle alteration in the rcsjionsc. 

The submersion experiment was rejieatcd on the 7 subjects who failed to 
experience a decrease in heart rate during submersion. Tn tiic interim be- 
tween the first test and the retest, each memher of this group had participated 
in six or more class hours of swimming instruction, during which they were 
submerged in water. One would expect this amount of repetition to condi- 
tion a person to the new environment. The results of the retest are shown in 
Table V. 

Tablk V 


Re.sdi.t.s or .s Retest or SnuErrs Who P.Mi.r.n to Show Nokm.m, Rr..\rTioN'.s to Si'hmersiox 

IK W.\TEr. 


SUBJECT 

KO. 


UESTINT, 

VV;i>SK UATE 

(rnr. mikute) 

pri.si: KATE wiin.F. 

(TEn MIN'UTK) 

DlFKEPXNf'E 

IS 

First test 

82 

so 

- 2 


Retest 

80 

74 

-12 

no 

First te.st 

02 

90 

„ 2 


Retest 

00 

90 

- 0 

53 

First test 

78 

78 

0 


Retest 

80 

70 

t 

23 

First test 

OS 

go 

fl4 


Retest 

* 72 

70 

-S 4 

28 

First test 

80 

80 

0 


Retest 

72 

72 

0 

43 

First test 

SO 

90 

i 4 


Retest 

82 

92 

+10 

5G 

1 First test 

86 

88 

-j- 2 


1 Retest 

88 

88 

0 


The data in Table V show that 3 of the 7 subjects originally classed as 
abnormal became conditioned to submersion. Subject 18 behaved as a psycho- 
logic case, and after sufficient exposure to a water environment re.sponded 
normally. Subjects 32 and 53 became conditioned to the water to such an 
extent that there was a significant fall in pulse rate due to submersion. 

However, 4 of the 7 cases (23, 28, 43, and 56, Table V) failed completely 
to become conditioned. They never experienced a decrease in heart rate due 
to submersion, and it was suspected that they were failing to make normal 
physiologic adjustments to submersion. 


Although the water in the swimming pool was at a temperature between 
75° and 85° P. and could not be considered cold, it was decided to subject the 
nonconditioned group to a test for hypersensitiveness to cold. The cardio- 
vascular function test was given to each, and all of them were hypersensitive 
to cold according to the criteria suggested by Horton and Gabrielson. 

Although it would seem that this group of persons had been exposed to 
submersion a sufficient number of times so that they should be psycholo-icallv 
conditioned to it, it was decided to gather additional data relative to this“pomt 
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For this piir])o.sp, oiicli of tlie .stiljjcrls (2.'{, 2S’. • 4 : 3 , and ofi) was ‘riven a bafli- 
tuh lest. The proeediiro M’as to plaee eaeli jrerson in a hathtid) in a .sitthiir 
liosition and determine the resting heart rate. Then she sat at the side of the 
till) while it was filled with water of the lem])eratitre of that of the swimmin*,' 
pool. Slie returned to the tub and after three minutes of suI)mersion the re.sl- 
iug pulse rate was taken again. Fnder the.se eonditions the resting imlse rate 
was establi.shed as previously de.seribed while the sub.jeet was submerged. The 
data obtained are .shown in Table VI. 


Taiii.i; VI 

ErKKCT ox tlKAtlT PaTK OF SUIIJKCTS BKI.XO .Sl’D.MKaOr.I) IX WATKI: l.V A BiVTIITiai 


sriI.IKt'T 

xo. 

UKSTixo rm.sK r-.-VTi-. 

(I'EP. .MlXUTi;) 

1-m.sr. n.\Tr; suhmekckp 
( rri: .mixutk) 

MFFKr.EXC-F 

»>•* 

or. 

TtS 

4-2 

2S 

(iS 

70 1 

+2 

43 

00 

00 

0 

50 1 

04 

04 

0 


The data in Table VI show re.sults .similar to those obtained in the previous 
experiments. The data show tliat, although these subjeets did not e.vjiericncc 
as great an inei-ea.se in heart rate when submerged in the tub as in the pool, 
they failed to show any tendeney toward a deei-ea.se. This lack of phy.siologic 
adjustment on the part of some persons may aecount for their being uncom- 
fortable in the swimming pool, and also the diffienlty ex])erienccd by them m 
learning to swim. 

CONCLUSIONS 

On the basis of data colleeted from 68 eollege women, the following con- 
clusions arc drawn coneerniug the efi'ecis of .submer.sion in water: 

1. Submersion in water of swimming pool temperature causes a drop ni 
the heart rate of normally adjusted person.s. 

2. The amount of the <leerea.se in heart rate due to submersion varies di- 
i-eetly with the resting heart rate. 

3. Failure to experience a decrease in heart rate when submerged in wafer 
below body temperature is due either to a lack of emotional adju.stment (fear) 
or to a failure to compensate physiologically. 

4 . Where emotional factors arc controlled, failure to experience a signifi- 
cant droi) in pulse rate during submersion in water below body temperature 
indicates sensitivity to the water. 

5. It is suggested that the conditions causing a failure to make normal 
adjustments to submersion in water be called the “submersion syndrome.” 
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ETIOLOGY AED SERUM TREATMENT OF PERSISTENT TIPIDF.^IIO 
AND POSTOPERATIVE HICCUP' 


EnwAKD C. Rosksow, RociiiyrKU, ^Finx. 


P REVIOUS reports have boon ina^lo'- ” on {lie oonsistont isolation from 
atria of infection of patients sufTcriiifr from epirlemic liicenp. of alpha or 
greeu-producin" streptoeoeei ■with Avhieh spasms of the diaphragm and other 
imisclcs (myoclonic encophalitis) have been prodneed experimentally in ani- 
mals. Paroxysms of spasms of the diaphragm, sometimes associated with audi- 
ble hiccup, were reproduced consistently by rlirect injection of suspensions of 
nasopharyngeal swabbiugs and filtrates of these and with pure cultures of the 
liidiig streptococcus freshly isolated in dextrose-brain broth, as well as with 
the corre.sponding washed, heat and formalin-killed organisms and with fil- 
trates of active cultures.*' Characteristic symptoms developed in from twenty- 
four to seventy-two hours after inoculation of relatively small numbers of the 
living streptococci, in from four to twelve hours after inoculation of large 
numbers of the killed organisms, and in two to five hours after inoculation of 
Berkefeld N filtrates. The symptoms after inoculation of the living strepto- 
cocci lasted the longest and often progressed to death in forty-eight to ninety- 
six hours; those that occurred after inoculation of the dead streptococci lasted 
usually from six to twenty-foixr hours, and those following inoculation of fil- 
trates lasted two to six hours and then disappeared. 

Cultural characteristics, virulence, eataphoretic velocity, and antigenicity 
of the streptococci resembled those of streptococci isolated in studies of epi- 
demic encephalitis. Vaccines prepared from the spasm-producing streptococci 
protected rabbits against fixing cultures, the dead organisms, and active fil- 
trates.® The streptococci xvere agglutinated specifically by the encephalitis 
antistreptococcic senim. This antiserum was found to neutralize .specifically 
the “toxin” or poison produced by the streptococcus of per.si.stent hiccup and 
to hax'e striking curative effects, under controlled conditions, in animals in 
which spasms of the diaphragm xvere produced experimentally.® Moreox'er. 
the encephalitis antistreptococcic serum appeared curative in the treatment of 
patients suffering from epidemic and postoperative hiccup.^’ 

The occurrence of encephalitis and hiccup simultaneously or in sequeiiee 
aixd the experimental production of lesions in animals, corre.sponding to those 
responsible for characteristic symptoms in patients, xvith the respectix-e .strep- 
tococci freshly isolated from atria of infection of patients haxdng diverse mani- 
festations dirring a changing epidemic from hiccup to neuromyeloencephalitis 
indicat e that the inciting agent of these diseases is similar.'^-- '■'> Moreover, the 
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changes in localizing jiowcr of the slreplococci, as isolated from persons, and 
in this study also from milk and air, on artificial cultivation and on repeated 
passage through animals indicate that the changes in type of disease in this 
and other outbreaks studied were due to acquired sjiecificities of sti'cptococci 
normall}" present in atria of infection of well persons and in nature generally 
in nonepidemic times. 

The study of the problem of epideiniologie charncteristic.s, causation, and 
serum treatment of pcr.sistcnt epidemic hiccup has been extended to that of 
persistent postoperative hiccup. Tn this new series of cases, as in those pre- 
viously- reported, the cases studied eulturall.v, and those in Avhich .serum wa.s 
used in treatment, occurred cliiefly among patients of the Jfayo Clinic. The 
historical aspects of this strange disease, its classification, its reproduction in 
animals, and its results of serum treatment in a jirevious series of ca.sc.s have 
been set forth by C. AV. Afayo. 1 am indebted to members of the staff and to 
physicians in widely .separated regions of the United .‘ttates for their coopera- 
tion in permitting mo to study eases and for reports of results from tlie u.sc of 
the serum in eases of intractable hiccup. 

METHODS 

A diagnostic cutaneous tesU was made by injecting intradermally on the 
forearm of the patient 0.03 o.e. of a 10 per cent .solution of the cuglobulin 
fraction of antiserum prepared with the .streptococci isolated in studies of 
encephalitis and, as controls, the cuglobulin of other antisera. The size of 
the maximal flare of erythema, which occurred in from five to ten minutes, 
was outlined with pen and ink and from this the area of erythema in square 
centimeters was determined. 

Precipitation tests'* were made with tl\c whole encephalitis and other anti- 
streptococcic sera and cleared extracts of nasopharyngeal swahhings and the 
serum of patients, and agglutination tests* were made with the respective anti- 
sera and convalescent sera and the streptococci as isolated and after pa-ssage 
through animals. Dilutions of 1 .-10, 1 :50, 1 .-250. and 1 :1,250 of the re.spectivc 
antistreptococcic sera, and dilutions of 1 :20, 1:40, 1:80, and 1:160 of convales- 
cent and control iunnan sera u'cre used in agglutination tests. Jlixtures of 
respective diluted sera and suspensions of streptococci that had been grou-n in 
dextrose-brain broth and pre.servcd in dense susiicnsion in glycerin (2 parts) 
and 25 per cent solution of sodium chloride (1 part) were incubated at 50° C. 
for eighteen to tAventy-four hours Avhen readings were made, instead of incu- 
bating at 37° C. for one and a half houi’s and then placing in the refrigerator 
overnight. 

Material for cultures and inoculation of animals V'as obtained chiefly from 
swahhings of nasopharynges, from pus expre.sscd from tonsils or aspirated 
from pyorrhea pockets, from uimie, from pus exjn-essed from prostates, from 
samples of stool, and in postoperatiAm cases, in addition, from localized infec- 
tions, if present, such as appendiceal abscess and infected gall bladder. Cul- 
tures were made on blood agar plates and in dextrose-brain broth. 

Emrtinely tAvo rabbits, in specijil instances as many as ten rabbits per case, 
and in some instances guinea pigs, Avere inoculated intraeerebrally AA-itli 0.1 and 



HOsr.Ntnv ; 
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27<> 

0.2 C.C., vespcctivoly, of tlu* sti.sponsioii of iniilorial from f}te na.so- 

plinvynx, tonsUs, aiiA so fovlh. suspotulod iti 2 I’.o. of jiolaliii (0.2 cent) 
Locke’s soUOion, ov with tiicse amounts of pure cultures of the strcjitoeoccus 
in (lextrosc-brain broth, diluted in dextrosedn’uin i)rotii 1 ;200 ov 1 ‘dOjOGO im- 
mediately before huoetiou. In special instances, mudi hiplier dilutions (as 
JiigJi as 1:100,000,000) of eulture.s were giveji intraccrebrally, iiiid undiluted cul- 
tures were given intravenously and inlratibially to i'abl)its. IMonkey.s and dog.s 
were inoculated intraccrebrally with from 1 to fi c.c. of cultures diluted .1 :200 
to 1:10,000. Five-tenths cubic, eenlimcter to 1 c.c. of suspensions of the hcal- 
killcd streptococci, ten times the density of broth cultures, or of filtrates of 
cultures, was inoculated intraccrebrally into rabbits. 



0---—0 Postoperative hiccup 
(119 cases) 

Fiff. 1. — ^Percentage incidence by months of cases of epidemic and postoperative hiccup, ilayo 

CUnic. 1927 to 1941. 

Pure cultures of the streptococcus were obtained from mixtures by making 
subcultures in rapid succession in previously rvanned dextrose-brain broth, 
and from the end point of growth in serial dilution cultnres^^ alternately in 
dextrose-brain broth and soft dextrose-brain agar (0.2 per cent dextrose and 
0.2 per cent agar) and not by plating on blood agar. One or a few additional 
platings on blood agar usually destroyed the property on which elective locali- 
zation depends, Avhereas this property was maintained at the end point of 
growth of streptoeoeci in serial dilution cultures and after as many as 75 
rapidly repeated subcultures in dextrose-brain broth. 

Animals were observed two or more times daily after inoculation and their 
sjTnptoms were recorded. Necropsies were performed as soon as possible after 
death from the inociila or from ether. Cultures from pipettings of the brain^ 
spinal cord, cerebrospinal fluid, and blood were made routinely in dextrose- 
brain broth and on blood agar plates. In special instances cultures were made 
from liver, spleen, kidney, adrenals, muscles, and nerves. Tissues were put 
aside in 10 per cent solution of formalin for microscopic study. 
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(Jiillures were niiulc from llie air of i-ooms oeeiipiod by persons liaving 
persistent liiecnp l)y exposing: open tubes of rlexlrose-Iirain lirolh or liy bub- 
blin'': tlic air tliroii'rli dextrose-brain In-otb. eliiek-rnasb incdinm, and dextrose 
hvoth for Iwcnty-fonr to forty-cifrht boars. I’or precipitation tests .sterile dis- 
tilled water was likewise ex])osed in shallow layers in I’etri dishes or air was 
bubbled through water contained in tall eolumns in tost tuhos. 

SKASONAU INCIDUNCr; OI' KmOK.MK; AND roSTOrilKATIVK iiicxnrr 

f’he oeeurronee of eases of persi.stent bieeui) in unusual numbers at certain 
seasons was noted throughout the years of this study (1!)27 to .1941). There 
were great variations in severity and duration of the disen.se and aeeoinpanying 
gastric distress and other .symptom.s. The great majority of cases studied oc- 
curred in men from 17 to S2 years of age. In most instances attacks followed 
mild, and less often severe, resiriratory infections. The seasonal and siimilta- 
noous occurrence of epidemic and postoperative hiccup in relation to relatively 
mild outbreaks of respiratory infections in spring and autumn is well ilhi.s- 
t rated in Fig. 1. 
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1 
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ALITIS 

I'OJ.IO- 

MVKUTIK 
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ixri.u- 

r.NZA 

UI.CER- 

ATIVF. 

COMTES 

Epidemic and post- 

20 


8 

10 

IS 

10 

12 

IS 

operative liiccup 





3 :22 

5:-10 I 

2:50 

1:0 

Epidemic oncepli- 

32 

GO 


■Hi 

25 

19 


30 

alitis 


7:68 

0:55 

6:03 

5:30 

5:53 


1:0 

Acute influenza 

32 

25 

7 


15 

32 

10 

8 



1:20 

1:0 


1:26 

12:91 

1:50 

0.5:6 

ICornial controls 

84 

91 

93 


81 

1 77 

135 

84 


1 

1:13 

1:8 


2:13 

1:17 

1:7 

1:0 


•The figures above the line in each Instance intllcate the number of tests ; the two sets 
of figures below the line inclicato, respoctivcl}-. tlie average reaction In square centimeters ano 
the percentage of reactions measuring 5 sq. cm. or more. ]''ractions arc given to the nearest 
whole number. 


RESULTS OF CUTANEOUS AND ITtECIFITATIO.N TESTS 

The results from intraeutaneous inoculation of persons having persistent 
epidemie or postoperative hiccup tvith .solutions of the Avater insoluhle or 
euglohulin fraction of the serum of hor.sc.s immunized with streptococci iso- 
lated in studies of encephalitis, poliomyelitis, epilepsy, arthriti.s, influenza, and 
ulcerative colitis are summarized in Table I. The reactions indicate a close 
relation bettveen the infecting agents of epidemie and postoperative hiccixp 
and epidemic encephalitis. Both the axmrage reaction and the percentage of 
reactions 5 sq. cm. or more in size in these tAvo groups of cases Avere greatest 
to the encephalitis euglohulin, second greatest to the epilepsy euglobulin, tliird 
greatest to the influenza euglobulin, and least to the poliomyelitis and arthritis 
euglobulins. The average I'eaetion and percentage of reactions of 5 sq. cm. or 
more in the group of cases of influenza Avere extremelj" high to the influenza 
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ouglobiiliii and low to llio other c\ifilol)iiVms. The avora^e reaction and iiici- 
donce of reactions of 5 sq.cm, or more to the difi'orent euirlohulins were con- 
sistently low in the group of normal controls. 

The results of precipitation reactions lietween the encephalitis and other 
antistreiUococeic sera and cleared extracts of nasopharyngeal swahhings and 
sera of persons having epidemic or postoperative hiccup are summarized in 
Table 11. In accord with c])idcmiologic and clinical ohservations, the incidence 
of positive reactions with sera and extracts of nasopharyngeal swahhings of 
patients having persistent, hiccup was strikingly high with the encephalitis 
antiserum and moderately so with infiuenza and epilcjisy anlistrojitococcic sera. 
Likewise, in the groups of cases of encephalitis and influenza, the reactions 
were high with the rc.spcetive homologous antisera and consistently low in the 
control group of well persons. 

TAni.K II 
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Ci.f.Ar.ED Extp.acts op Nasophatiynoeai. SwAmii.vr.s and Skua op Patients 
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70 
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20 

34 
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60 

68 

■ 

0 

|H 

4 

6 

6 

Sera of 
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24 

30 

37 

0 

0 

27 

10 

33 

Epidemic enceph- 
alitis 

67 

67 

73 

25 

0 

0 

0 


Acute influenza 

22 

21 

0 

0 

8 

99 



W ell persons re- 
mote from epi- 
demics 

108 

108 

4 

2 

6 

5 

2 

0 


*No precipitation occurred with normal horse serum. 

tThe term "influenza” in this study is used to designate the more severe tvpe of sea- 
sonal epidemic respirator}' infections. 


AGGLUTINATION OF THE STREPTOCOCCUS 

The results of agglutination tests with streptococci isolated from atria of 
infection in cases of epidemic and postoperative hiccup, encephalitis and in- 
fluenza, and from well persons remote from epidemics are .summarized in Table 
III. A high incidence of specific agglutination occurred with the encephalitis 
antistreptococcic serum and streptococci isolated from atria of infection of 
persons having persistent hiccup, and interestingly, the incidence was rela- 
tively high with antisera prepared with the closely related streptococci iso- 
lated in studies of influenza and the spasm-producing streptococci isolated in 
studies of epilepsy. Streptococci isolated in studies of encephalitis and influenza 
were specifically agglutinated by the respective homologous antisera, whereas 
control strains from wmU, persons ivere not. ’ 
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Tawi-e in 

Agolutinatiok by Ekcephaeitis An’tistp.ei-tococcic .SKiiu.vt ok .Stuf.ktococci Isoeateb Dun- 
ixo Studies or Ekipemic a-vd Postodeeativi: Uiccuj’ 
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•No aKEhitlnation with normal horse serum occurreil wltli any of the suspensions anil In 
some agelutinatlon was nonspcclllc. 


As has been sliowii, encephalitis slrcplococeie anlifren avok dcnionstrated 
iu the sennn by precipitation tests ('J'able IJ) and in the skin by intradermal 
in.iectioii of antibody (Table I) during the acute stage of epidemic and post- 
operative persistent liiecup. As recovery occurred, promptly following thera- 
peutic injection of the cnccidialitis antistreptococcic scrum, and -more slowly 
without serum treatment, the reactivity of serum and skin (antigen) disap- 
peared as specific antibodies became demonstrable for strains of streptococci 
obtained in studies of liieeup and encephalitis. The results of agglutination 
tests with convalescent scrum ai-o well illustrated by the following observations. 

Each of nine sera obtained from persons convalescent from hiccup aggluti- 
nated to a greater degree and in higlior dilution seven of nine strains of strep- 
tococci isolated in studios of epidemic and postojiorativc hiccup than did nine 
control sera obtained from patients liaving arthritis, fibrositis, or influenza. 
The nine convalescent sera did not agglutinate composite su-spensions of strep- 
tococci isolated in studies of arthritis, cpilcp.sy, and influenza, respectively. In 
sharp contrast, tlie sera from persons having arthritis, epilepsy, or influenza 
agglutinated specifically the composite suspensions of streptococci isolated, 
respectively, in studies of these diseases. 

ANIJIAD EXFERIMKNTS 

The results obtained on intracerebral inoculation of the living streptococ- 
cus, the heat-killed streptocoeeu.s, and filtrates of cultures of streptococci in 
relation to persistent hiccup are summarized in Tabic IV. It will be noted 
that the incidence of liyperpnea (49 to 100 per cent) and of spasms of the 
diaphragm (62 to 88 per cent) and other muscles (65 to 90 per cent) was ex- 
tremelj^ higli, and the incidence of flaccid paralysis (0 to 13 per cent) was very 
low after inoculation of tlie living strejitococci, corresponding dead strepto- 
cocci, and filtrates of cultures obtained in relation to hiccup. In contrast, the 
incidence of spasms of the diaphragm (2 per cent) and other muscles (19 per 
cent) after inoculation of streptococci from well persons and from indoor air 
of rooms of persons having poliomyelitis (0 and 57 per cent, respectively) was 
low. The incidence of flaccid paralysis was extremely low (6 per cent) after 
inoculation of the streptococci from the group of well persons, and very high 
(81 per cent) after inoculation of streptococci from indoor air in relation to 
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cases of poliomyelitis. Specific ofTecIs were especially slrikinp; after inocula- 
tion of filtrates and suspensions of heat-killed streptococci, rvhen ultimate dosage 
could be controlled better than by inoculating the living streptococci. 

The mortality rate varied greatly after inoculation of living streptococci, 
being highest in animals that received the streptococci from patients having 
influenza (90 per cent) and in those that received streptococci from air of 
rooms of persons having epidemic hiccup (87 per cent) or poliomyelitis (80 
per cent); intermediate after inoculation of streptococci fi-om throats of pa- 
tients suffering from epidemic hiccup (58 per cent) or postoperative hiccup 
(53 per cent), or of well per.sons remote from epidemics (42 per cent) ; and 
lorvest (33 per cent) after inoculation of streptoeocei from milk supplies. 

Lesions of the diaphragm, consisting of localized hcmon-liage.s, occurred 
only in animals that had violent .spasms after inoculation of streptococci iso- 
lated from persons liaving persistent hiccup. 

Lesions of the lungs, consisting of heinon-hagic edema and bronchopneu- 
monia, occurred most often and. u’ith one e.vcepfion, u'ore most conspicuous 
after inoculation of the sti’ejitocoeeus isolated from persons having persistent 
hiccup or from milk and air in relation to persistent hiccup and influenza. In 
accord ■with the frequent occurrence of gastric distress in patients, lesions of 
the stomach were common and consisted of numerous, small, supcrtieial hem- 
orrhages in the mucous membi'ane apparently due to violent spasms, and of 
early, often almost immediate, po.st-mortem dige.stion of the wall of the .stomach. 

The incidence of i.solation of .streptococci from the brain, the site of inocu- 
lation, was relatively high in each gi-oup of cases, whereas the incidence of 
their isolation from blood of aninmls that died -was very low (0 to 9 per cent), 
with the excejftion of those inoculated with streptococci from the nasopharynges 
of persons having acute influenza (07 per cenf). 

The spasm-producing ty])e of strejitococcus was isolated repeatedly from 
some patients during acute attacks of hiccup hut not after recovery. Its pres- 
ence was demonstrated in per.sons during recurring attacks over periods as 
long as four years, in atria of infection in per.son.s having mild but continuous 
symptoms for as long as two yeai-.s. and in several protracted cases in which 
the attending physician considered the s])asms of functional origin. In some 
cases it was isolated from nasopharyn.x, infected teeth, tonsils. i)rostatic secretion, 
urine, stool, or pus from appendiceal ab.sce.sscs and infected gall bladdere. 

MICROSCOPIC LK.SIONS OF THE DRAIN AND .SPIN.VL CORD OF EXPERIMENTAL ANIMALS 

Sections of the brain and spinal cord were made and examined for lesions 
in altogether 39 animals that died from inoeula or that were anesthetized after 
inoculation. The duration of the experiment in these animals was one to two 
days in 14; three to five days in 15, and six days or longer in 10. Susjiensions 
in gelatin-Locke’s solution "of nasopharyngeal .swabbings and otlier material 
directly from patients were inoculated in 12 animals, cultures of living strep- 
tococci in 21, dead streptococci in two, and filtrates in four. 

The lesions found in animals that died within one to two days after in- 
oculation consisted chiefly of a relatively mild, but never grossly suppurative, 
poljTnorplionuelear meningitis, usually most pronounced over the anterior aspect 
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Fie. 2. — Lesions tn rabbits In •a-hich spasms of the diaphragm developed after intra- 
cerebral inoculation of living streptococci isolated from the nasophao’nx of a patient having 
epidemic hiccup; a, in the medulla; h, in the brain of a rabbit five days after inoculation ; 
c, in the medulia of another rabbit three days after Inoculation of the same culture (hema- 
tox^'lin and eosin, XllO). 
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intracerebral animals in which spa.jms of the diaphragm had developed after 

postopjrathi of living streptococci from the . nasopharj-nges of patients having 

pons of a rabb t fi medulla of a ™inea pig si.x; daj-s after inoculation; 6, in thi 
poiia oz. a. raoDit five days after inoculation (hematoxylin and eosin. XHO), ^ 

dtilla were often conspicuous two days after inoculation of material containinm 
living streptococci, dead streptococci, and active filtrate.s. Follotvinm this 
there ttas a rapid transition from polymorphonuclear eeUs to lymphocytes’ 
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especially surrounding blood A'cssels in the pons, floor of the fourth ventricle, 
medulla, subcortical region, and choroid plexus. This Iransition in tjT)e of 
infiltrating cells occurred earlier within the parenchyma than in the meninges 
(Pig. 2). After five or six days t 3 ’pical h-mphoeytic infiltration, degeneration 
of ganglion cells (Pig. 3), circumscribed regions of glial infiltration, and other 
lesions of encephalitis were found. In no instance were the lesions character- 
istic of spontaneous encephalitis encountered. Xccrosis associated with leuco- 
cj'tic and lymphocjiic infiltration at the point of injection in the right frontal 
lobe occurred commonlj-, but absce-ss formation was present onl}' occasionallj’. 
The lesions remote from the point of injection woi’c essentiallj' alike on hoth 
sides. The streptococci were readily demonstrable, e.spccialh' as diplococci, in 
the lesions of animals that died soon after inoculation. As Ijmiphocj’tic infiltra- 
tion became marked, their demonstration became difiicult and often impossible 
(Fig. 4). 



Piff. 4. — Diplococci In the lesions of mbblLs and grulncn pips In which spasms of the 
diaphragm had developed after Inoculation of living streptococci (n, 1>, c, d, and /) and heat- 
killed streptococci (e and g) Isolated In studies of epidemic and postoperative hiccup (modlnea 
Gram stain, xi.OOO). 


SERUM TREATMENT 

Serum treatment was given onlj’- after the usual methods, such as admin- 
istration of carbon dioxide, gastric lavage, and sedative.s, to control the spasms 
had proved of no avail. The whole, unconcentrated encephalitis antistrepto- 
coccic serum was used at first, whereas later the refined serum of similar anti- 
body content, consisting of solutions of one part of the euglobulin and two 
parts of the pseudoglobulin, was used. After determining that the patient was 
not allergic to horse serum, and after dcsensitization if he was found sensitive, 
10 c.c. of the serum were injected deeplj’- into the muscles of the buttock tivice 
daily until the hiccup had disappeared, and usuallj’^ one additional injection 
was given after that. The concentrated encephalitis antiserum and the euglob- 
ulin solution for the cutaneous test, first prepared by me, are now being made 
available for study by the Lilly Research Laboratories, Eli Lilly and Companj^, 
Indianapolis, Ind. 
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Records of results from the use of ciiccplinlitis aiitistroplococcic serum in 
treatment imve been obtained in aitogetbev tlQ cases of persistent biccup. Fifty- 
four of these were considered as cases of epidemic persistent biccup and 36 
occurred postopcrativcly. The results from the use of the serum were so similar 
in the two groups of cases that the.v will be considered as one group. 

The ages of the patients ranged from 7 to 82 years. The great Tna,iority 
were more than 50 years of age. In all but two postoperative eases, and all 
but six of the nonoperative eases the patients were men, a proportion of ap- 
proximately ten men to one woman. The duration of the disease at the time 
of the first senun treatment was from one to twenty-one days in acute cases, 
as long as two j'cars in persons having continuous lueevrp, and four years in 
those having recurring attacks. The amonnt of serum given ranged from 10 
to 110 C.C., nsnally 20 to 40 c.e. 

Detailed records regarding noteworthy diminution of severity and number 
of spasms and cessation of hiccup in relation to the number of injections of 
serum were available in GO eases. Reduction of severity and number of spasms 
was noted after the first injection of scrum in 20 cases, after two injections in 
21 eases, and after three or more injections in 12, whereas in seven cases no 
apparent benefit followed soon after injections of serum. Ce.ssation of spasms 
occurred after the first injection in 14 cases, often within several hours ; after 
two injections in 16 cases, after three injections in nine, and after four injec- 
tions in 10 cases. In the remaining seven cases in which the patients survived, 
the hiccup disappeared after from seven to ten days during the period of 
sensitization. In four postoperative cases no apparent beneficial effects were 
noted after the administration of the serum. Two of these patients died: one, 
a man 78 years of age, from cardiac failure following suprapubic prostatectomy 
in the presence of a badly infected bladder ; the other, a man 72 years of age. 
from peritonitis following strangulated hei-nia. In the other two, hiccup oc- 
curred after prostatectomy, continued for two weeks, and then graduaUy 
disappeared. 

Immediate serum reactions did not occur in any case. In 15 there were 
late serum reactions and of these only five were severe. 


In the 36 postoperative cases 11 patients had had prostatectomy; two, 
cj'Stoseopy; five, appendectomy with appendiceal abscess; three, colostomy; 
seven, cho]ec3'steetomy ; tw'o, herniotomy; one, gastrectomy; two, rectal re- 
sections for carcinoma; one, nephrotomy; one, septic hip; and one, tomsiUee- 
^my. There was great variation in the effects of the serum after its injection, 
he sudden permanent cessation from one or two injections, after every other 
owm means had failed to give relief, often in patients severely exhausted, 
was so convincing as to leave little doubt of the curative action of the serum'. 

he earlier the serum was given, the more prompt was the relief. The cessa- 
tion of hiccup after administration of the serum was not coincidental because 
usually more injections were necessary late in the course of attacks than when 
given early. Prompt relief after administration of the serum was often asso 

encmhStl reinjection at ,be 

P IJtis euglobubn and a negative precipitation reaction with the patient'.s 
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sci'uni. T}iis was true of hotli tlio Jionopenitivc aiul operative cases. Tliese 
observations are in accord with the results of treatment I’cported I)y ilayo, 
assisted by Rozendaal, who stated : 

“That there is a relationship between the oi'gaiiisin.s of epidemic enceph- 
alitis and of epidemic hiccup is fortunate, because the encephalitis antiborly 
globulin solution as prepared by Ro.sennw can be applied in treatment. Such 
treatment was given in those of our cases in which iiersislent hiccup was pres- 
ent, and we were able to recover the neurogenic streptococcus from the throat 
and reproduce .spasms in animal.s. TJie etfeel of the serum Avas dramatic in 
many instance.s, all symptoms of hiccup disappearing Avithin a fcAV liour.s.” 

Most of the patients Avhom I saAv had badly infected teeth or other evident 
foci of infection. There Avas definite correlation betAceen focal and metastatic 
infection and the response to .serum treatment. In general, the Acor.se the in- 
fectiA’e process, the longer Avcrc injections of scrum necc.s.sary to control the 
hiccup. This Avas especially true in cases in Avhich then' Avas surgical drainage 
after operatiA’c treatment of suppuratiA’c appendicitis, cholecystiti.s, and pro.s- 
tatitis associated Avilh cystitis. In .several cases in Achieh the diagnosis Avas 
functional hy.slerieal hiccup, the .spasm-producing streptococcus Avas isolated 
from tlie nasopharynx and prompt relief folloAved administration of the scrum. 

As in epidemic encephalitis and poliomyelitis, there has been found a much 
higher incidence of eases of j)er.sistent hiccup — a mild form of myoclonic en- 
cephalitis — among men than among Avomen, indicating an inherent suscei)tibility 
of men to the inciting agents of those diseases. 

COM.AIKXTS AXl) COXCUU.SIOX.S 

The results of previous studies haA-e been eorroboi'ated and extended. The 
isolation of the .siAasm-produciug type of streptococcus from the nasopharynx, 
milk supplies, and outdoor air during epidemic pi-evalcnce of hiccup and cer- 
tain respiratory infections and from the air of rooms occupied by persons haA’- 
ing persistent hiccup, and the absence of this type of streptococcus remote from 
hiccup, indicate that epidemic hiccup and postoperative hiccup occur in in- 
creased incidence Avhen streijtococei normally present in throats of persons and 
in nature generally acciuire .spasm-producing projjertics or virulence. 

Persistent epidemic hiccup and persistent postopei'ative hiccup are con- 
.sidered as forms of mild myoclonic encephalitis. The inciting agent is a strep- 
tococcus (Streptococcus singultus) elo.sely related to the streptococcus isolated 
in studies of epidemic encephalitis and the antistreptococcic serum for epi- 
demic encephalitis is ciu’ative in persistent hiccup. 
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CIROULATINf; TIME IN THE HUMAN BEING AND IN THE DOG 
AS AFFECTED BY FASTING AND BY MEALS'^ 


I. M. Rei.vgold, ;M.D., F. Neuwelt, 3I.D., and II. Ni:chkles, ^I.D., Ph.D. 

Chicago, Ice. 


O UR laboratory has lieen interested iti the use of deterniination.s of circu- 
lating time in the state of shock.’ M'e were interested, therefore, in the 
normal variations of circulating time during fasting and following the inge.s- 
tion of various foods. Our results obtained differ from those of another group.’’ ® 
Yarious reports in the literature indicate that there is a considerable 
change in circulation during dige.stion in man. According to GroUniaiF and 
others, a .significant increase in cardiac output occurs in man after ingestion 
of food and even of Avater. Booth and associate.s’ reported an elevation of 
.skin temperature in normal subjects following a meat meal. Herrick and 
a.s.soeiate.s’ did not obtain an increase of surface temperature in dogs foUoAving 
inge.stion of foods. 


In 1934 Herrick and associates’ reported a notable increase in blood floAV 
m the femoral, carotid, and mesenteric arterie.s, and in the external jugular 
vein of the dog follGAA-ing ingestion of A'arious foods. The time of the onset 
and the dui-ation of the increased flow Avere influenced by the character of the 
food taken, hut the magnitude of increase Avas relatiA-ely the same regardless 
of the tjT)e of food. These results AA'ere confirmed in the human being by 
Burton and ilurlin." Abramson and Fierst,® Avorking on human subjects, did 
not find significant changes in the rate of peripheral blood floAv foUoA\dng a 
carbohydrate meal, but AA'ith a protein meal the rate of blood floAV increased 
one and one-haK to three hours after inge.stion, first in the hand, and later in 
the forearm and leg. 

In 1934 Sheard and co-workers’ reported experiments in AA'hich the eircu- 
ating time of the blood of dogs Avas reduced 20 to 35 per cent during digestion 
of a mixed meal. The loAvered circulating time coincided AAith increases in 
flood floAv measured simultaneously. The method used by these Avorkers con- 
— injection of radium C into the jugular vein and the measurement 
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of the interval of time between the injeetio]! and tlie arrival of the radium 
below an ionization ehaml)er located over the femoral Jirlery. In 3930 they 
eonfirmed tliese results.* 

JIKTIIODS 

In tlie work rciiorted here we luive used tlie sodium cyanide method for the 
determination of circulating time, as fir.st deserii)ed by Loevenhart and associ- 
ates® and as applied by liobb and Weiss to the human being.’® The cyanide 
method consists of the intravenous injection of a small quantity of sodium 
cj'anide and the measurement of the time elapsing between the injection and 
the tiret response of tlie chemorcecptoi's of the carotid sinus which stimulate 
respiration. In the dog 1 mg. of sodium cyanide dissolved in 0.5 c.c. of saline 
was injected into the saphenous vein of the hind leg, and in man S mg. of sodium 
cj'anide in % c.c. of saline solution was injected into the antecubital vein. The 
injection was given rapidly, and two stop watches ivere started at tlie time of 
injection. At the height of the first deep ga.sp one of the stop watches was 
arrested. The time obtained was considered to be tlie circulating time of the 
blood between the peripheral vein and the carotid sinus. The reaction con- 
sisted of a series of rapid and deep rc.spirations. Two stop watches were used 
because an occasional deep breatli not followed by a series of rapid and dee]) 
respirations might yield a false end point, which could be corrected by the use of 
the second stop watch when the scries of rapid and deep resjiirations began. 

The human subjects and the animals were starved for at least twelve 
hours. The experiments on the dogs Avere performed on two healthy animals 
and those on the human .subjects, on Avorlcers in the laboratory, and on such 
patients of the ivards avIio had undergone simple operations and 'wore ready to 
be dismissed, and on such patients in Avhom the circulatory sy.stem did not 
seem to be affected by the disease. The ages of the subjects varied betiveen 16 
and 79 years, Awth an average of 49 years. Jlost of the human subjects were 
lying in bed during the experiments, and a fcAV Avere up and around. The dogs 
Avere in a stall during the entire experiment. 

A meal Aims administered after one or more control determinations of the 
circulating time had been performed, and determinations Avere repeated at A’arious 
interAmls folloAving ingestion of the meal. One group of subjects Avas foIloAved 
OA'er a prolonged period of lime Aiithout administration of food. The meals admin- 
istered consisted of protein foods (steaks), or of a regular full hospital diet, or 
of earbohj'^drate and fat foods. The amounts eaten Avere about those of a good 
aA’erage limcheon and A'aried somcAA-hat according to the appetite of the sub- 
ject. The dogs AA'^ere fed one poAuid of a commercial dog food containing meat, 
oats, and A-egetable, mixed Avith Avater. 

TAventy-nine experiments Avere performed on 21 different subjects: 17 
males and 4 females. TAvehm experiments AAmre performed on 12 different fast- 
ing subjects and are recorded on the upper part of Chart 1. Six experiments 
Avere performed on tAvo dogs. 

RESULTS 

A. In Human Subjects. — Pasting circulating times Amried betAveen 12 and 
22 seconds, Avith an aA^erage of 17.2 seconds (34 tests). Controls before meals 
varied betAA'een 12 and 29 seconds, AA'ith an aAmrage of 17.6 seconds (31 tests). 
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Circulating times following all meals varied between 30 and 2G.G seconds, with 
an average of 17.5 seconds (48 te.st.s'). Analysis of the data did not reveal sig- 
nificant differences in the changes of circulating time following the various 
meals. In order to illustrate the wide variations of circulating time during fast- 
ing and following meals, we have cxprc-ssed all data as ]ier cent changes from the 
fimt detciTiiination in the fasting sul).icets anti from the last determination before 
the meal in the postprandial subjects. We have chosen this method of presen- 
tation of our data because the variations observed during the fasting and the 
postprandial states seemed to be due to cyclic ebanges. 




Chart 2. All circulating times in per cent changes from first determination made. 

In most of the fasting subjects variations between -25 and -^25 per cent 
lorn the control reading were obtained, while in only a few of the fasting 
sn Meets circulating time did not vary appreciably during the periods of ob- 
servation of thirty minutes to four hours. 

riol f experiments following ingestion of food are recorded on the 

coni Chart 1. Circulating time varied between a diminution of .36 per 

unt an increase of 67 per cent of the control values. The spread of the 
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data is greater than that seen during fasting, init this is due to a greater 
variation in eireulating time in only 2 of these 17 experiments. 

B. In the Dog. — Yalues of circulating time before tlie meal varied between 
eight and fourteen seconds, with an average of twelve seconds. (12 tests), and 
after the meal they varied between eight and fifteen seconds, with an average of 
12.2 seconds (11 te.sfs). Chail 2 illustrates that e.ssentially the .same re.sult.s were 
obtained in tbc dog as in the human being. The circulating time was not con- 
stant during periods of two hours of fasting and did not show uniform change.s 
in any direction during periods of one and one-half to five and one-half houi-s 
following inge.stion of the protein meal. 

niscussio.v 

Dur results indicate that circulating time varies considerably during fasting 
as well as following ingestion of various foods. The.se variations were not uni- 
form in direction, and j^rolongation as well as sboi-tening of ciiTulating time 
might occur. I'h'om the distribution (spread) of data, as Avell as from the 
algebraical averages we assume, therefore, that the change.s of circulating time 
following a meal are not any more .significant than arc tbo.se during fasting. 
The variations of the individual curves during fasting as well as following 
meals may be due to cyclic valuations in circulating time, rather than to .specific 
cau.se.s. such as an.viety, the postab.sorptivc .state, etc. Jf it can be proved that 
this is due to cyclic variations in circulating time, it will malcc the simple u.se 
of this method uncertain for a number of clinical determinations. The use of 
the mctliod is not without value in .selected conditions, however, a.s, for example, 
in the state of shock, where we have described changes far beyond those ob- 
served in normal dogs,’ 

We cannot e.xplain the difference between our rc.sults and 1ho.se of the 
Jfayo group.'- ** Of cour.se, the two methods are entirely different, and it is 
possible that they are affected differently during the ahsorpiive stntc. The 
sensitivity of the chemoreeepiors of the carotid .sinus is so gi’cat that differ- 
ences in their re.sponsc to cyanide constitute only a small fraction of the total 
eireulating time,’ and we feel that a meal could not affect these receptors so 
much as to change the total circulating time to any extent. There may be 
other factors at work, however, such as changes of tbc circulating volume or 
of the hematocrit-plasma ratio during the absorptive state, or differences in 
the carriers (red blood cells or plasma) of the different agents employed, which 
may affect both methods differently. Besides, it was not apparent from the 
report of the Mayo group whether jirolonged control periods during starvation 
had been instituted and had been compared Avith the variations of eireulating 
time foIloAving meals." In another paper, hoAvever, this group reported con- 
siderable variations of the circulating times in individual fasting dogs.’’ 

The reported constant differences betAveen the cyanide method and arm- 
to-tongue methods’" AAmuld not seem to affect our findings. 

We feel that our results are also of importance because the type of method 
employed in our study for determination of circulating time belongs to those 
in common use. 
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SUM MAUY 

The circulatinfr time M'as (letcriuined in a {iroup of liuinan siil).icets and in 
dogs. The sodium cyanide method of Loevoihart, and associates was employed. 
During the fasting condition consideralde variations of circulating time M’erc 
found in the human being and in the dog, and following meals the same or 
somewhat greater variations in circulating time were obtained. Our results 
indicate no significant or uniform changes in eirculating time in any one direc- 
tion in either the fasting or the postprandial state. The nature of the meal 
did not seem to determine changes in circulating time. The significance of 
our findings and the discrepancy of our results from those of other workers 
are discussed. 
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RECUBKENT ATTACK'S OF PNEUJtOCOCCJC PNElLArONIA TREATED 

WITH SlTLPONA7»nDl«« 


Licox ScHWAUTz, Jl.D., IIakkisox !■'. l''i<n*pix, Ivr.D., and 
JKrTKHSOx IT. Cf>Ai!K, M.D., Pjiii.adeli»iiia, Pa. 


R ecurrence is more coinmonl.v .scon in pneiiniocoeeic pneumonia Ilian in 
any other acute inl'cefious disease.' Likewise, the attack rate oX pneumo- 
eoecie pneumonia is hijrlier in those persons wlio have liad previous attacks of 
tile disease.- The reimrled incidence of one or more 2 )revions attacks varies 
greatl}* throughout the world, although most American authorities have noted 
recurrences in ajipro.xirnately 15 per cent of cases. Furthermore, it is the opinion 
of many writers^' ■* that the number of previous attacks of pncumococcic pneu- 
monia docs not intiuenee the prognosis of the disease. Within the past four yeai’s 
the treatment of pncumococcic pneumonia has been revolutionized as a result of 
the advent of the sulfonamide compounds. It is too early to predict whether the 
widespread use of thc.se drugs will have any ctTcct upon the above-mentioned 
facts concerning recurrent pncumococcic pneumonia, since it will be ncccs.saiy 
to accumulate e.xtensive data from different sources over a period of years before 
an evaluation can be attempted. However, of equal interest is whether these 
chemotherapeutic agents arc as effective when employed for repeated attaclcs 
of pneumococeic pneumonia and whether the patients tolerate the sulfonamide 
drugs as well during subsequent administrations. The purpose of this study is 
to present the comparative therapeutic effectiveness and toxicity of the sulfon- 
amides in recurrent pneumococeic pneumonia. 

During the past three ycai-s we have obsei’ved in a series of 1,400 adult 
pneumonias 24 patients who received sulfap.^dine, sulfathiazole, or sulfadiazine 
on two or more occasions for pneumococeic pneumonia. In every instance the 
patient was discharged from the hospital fully recovered from pneumonia; and, 
in oi’der to eliminate possible cases of relapse, we have excluded those readmitted 
udtliin four weeks following discharge. The diagnosis of pneumonia was estab- 
lished in eveiy case, and a pneumococcus was recovered from the sputum or 
blood in all patients, although a specific piieumocoecus tjqje was not always 
obtained. 

As indicated in Table I, thei-e was a total of 49 hospital admissions in this 
group of 24 patients. The time interval between admissions ranged from four 
to ninety-two weeks, with an average of thirty-seven weeks. TJie patients’ ages 
varied from 14 to 74 3 'eai’s, Avith 5S.3 iier cent of the cases being oA'er 40 j^ears 
of age. T 3 ’’pable pneumococci Avere found in the sputum or blood stream in 35 

•Prom the Committee for the Study of Pneumonia. Philadelphia General Hospital. Aided 
by a grant from the American Philosophical Society. 
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instances. Tiic same pneumococcus type was llie causative agent for siibsecpieiit 
attacks in only 4 patients. Positive blood eiillurcs were obfained in 4 patients 
on tbe initial admis.sion and in 2 patients on .subsequent admi.ssion to the ho.spital. 
In 14 patients the same lobe of the lung was involved during each attack of pneu- 
monia, and in 9 of this subgroup an additional lobe was involved. There was 
no appreciable ditl'ercncc in the total number of lobes involved during the initial 
and subsequent attacks. 

Sulfapyridine was employed in 37 patients during their fii-st admi.ssion, and 
of this number S received the .same drug on nine .snb.seqnent admissions. The 
remainder of this subgroiqi received suifathiazolc (7 patients) or sulfadiazine 
(2 patients). Seven patients were given suifathiazolc on their finst adniksion, 
and of these 2 received sulfapyridine, 2 snlfathiazolc, and 3 sulfadiazine on other 
admissions. Hood therapeutic response to troatincnt with thc.se drugs was 
detennined by a critical fall in temperature within forty-eight hour.s, a return to 
normal temperature withiii forty-eight to sovcniy-lwo hour.s, and by the findings 
on physical examination. On this basis we have designated the results of ti'cat- 
ment as good, fair, or died. There were 2 deaths (8.0 per cent mortality) in this 
group of 2.5 subsequent admission.s. Ijoth occurring in j)aticnts with type HI 
infection. This mortality rale compares favorably to that in a larger series of 
eases of pneumocoecic pneumonia treated with, sulfonamides reported from thi.s 
hospital,'' Of the 22 patients suiwiving both attacks of the di.sea.se. the results 
of treatment were considered good in 15 on their first adnn’ssion and in 20 during 
subsequent courses of therapy with the.se drugs. Thi.s ditTerence in therapeutic 
response on the different admissions is of no statistical significance. 

The incidence of severe toxic reactions due to the dnigs is very .small in this 
scries. Vomiting and microscoiiic hematuria constituted the only toxic mani- 
festations worthy of mention. In comparing tljc.se toxic effects it sliould be 
pointed out that the .selection of drug undoubtedly influenced the incidence of 
toxicity in these cases. However, it Is of interest to note that none of the more 
serious toxic reaction.s developed on subsequent use of the same drug or of other 
members of this group of drugs. Not included in this series of cases is a patient 
recentl.v treated by one of us (H. F. F.) for pneumonia with sulfadiazine who 
showed no appai-cnt ill effects from the drug; this patient had on a previous 
occasion developed a severe skin reaction as a result of suifathiazolc medication. 

In -vnew of the data presented in this report it would appear that the use of 
the sulfonamides in a previous attack of pneumoeoccic pneumonia does not alter 
the response to the same drug or to similar drugs when used in subsequent 
attacks of the disease. Also, the incidence of toxic reactions is no greater when 
these drugs are employed for repeated attacks of inieumoeoecic ijneumonia. 
Further study of similar data on a larger series of cases receiving the same drug 
for two or more attacks of pneumoeoccic i)neumonia is desirable. 

SUMMARY 

1. Twenty-four adult patients have been given scilfonamide tlierapy on two 
or more occasions for recurrent pneumoeoccic pneumonia. 
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2. The (U‘up.s sceinecl .iiist ns on’cetivc when aclmiiiistorccl for subsequent 
attacks of the disease as (biHuf: tlicir initial use. 

3. There is no evidence to suggest that, tlie rcjicated use of the sulfonamide.s 
for recurrent pneiunococcie pneumonia increases the incidence or severity of 
drug toxicity. 
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erythrocyte SEDBIEHTATION rate DETBR^.nNAT10NS ON 

NOR^IAL YOUTHS 


C. pREDEUic Roche, jM.D., P.A.C.P., Dokald G. Stakkus, M.D., ,vkd 
Eaiil M. Isberg, JLD., IMiami Beach, Fla. 


^HE erythrocyte sedimentation rate is an accepted laboratory' measure of 
pathologic activity, and the range of normal values for the various tech- 
niques has heen determined by numerous investigators over the country. 
Rourke and Ernstene found the normal range of “corrected sedimentation 
index" to be 0.08 to 0.35 miu. per minute, based on the results of 92 measure- 
ments done on 45 different healthy persons. 

In order to ascertain Avhat is the range of normal in this community, deter- 
minations -were done on 100 nonnal youths, all students at the junior high 
school and high school here. A careful history' and phy'sical examination were 
done on each subject, and only those found to be in good health Avere included 
in the series. Any history of recent infection, common cold, tonsillitis, dental 
infection, sinusitis, etc., excluded the potential subject. Of the 100 healthy 
youths in the series, 60 were males and 40 Avere females. Their ages ranged 
from 11 to 17 years. 


The temperature of each subject Avas recorded, and all blood specimens 
"eie obtained at least tAA'o hours after the preA'ious meal. Extreme care aa'hs 
taken m order that blood be AvithdraAA-n from the vein Avith as little stasis as 
pos.sjble. Any apprehension or excitement on the part of the subject at the 
tune the specimen Avas AvithdraAvn Avas recorded. The date on which the last 
men.strnal flow ceased Avas noted for each female subject. 

Rourke-Ernstene corrected sedimentation technique Avas used exclu- 
determination Avas made Avithin tAvo hours after the blood speei- 

Kecefvea tor pulJlicatioti. July 6, 1942. 
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men was obtained. Heparin was used as tbe anticoagulant. Every sedimenta- 
tion tube was liandled with a minimum amount of manipulation. Precautions 
•were taken to see that the sedimentation lubes were in absolute vertical posi- 
tion. The temperature and humidity of the laboratories and the barometric 
pressure were recorded. Sixtj’-two determinations were done in the St. Francis 
Hospital laboratorj', which is not air-conditioned, and the remaining .38 tests 
were done in an air-conditioned laboratory. 

The corrected sedimentation rates of the 100 normal youths ranged from 

0.09 mm, per minute to 2.0 mm. per minute. The mean rate was 0.46 mm. per 
minute. Seventy-five per cent of all the determinations were below 0.65 mm. 
per minute. Rourkc and ICrnstenc’ placed the value of 0.3.5 mm, per minute 
as the upper limit of normal. Yet 53 per cent of all the readings in this series 
fell in the range between 0.35 and 0.05 mm. per jninule. The mean rate for 
girls was 0.47 mm. per minute, and for boys it Avas 0.46 mm. per minute. 

We could not determine the reason that the sedimentation phenomenon 
should be more rapid in a subtropical climate. Numerous investigators have 
showm that Ioav temperatures retard and high temperatures accelerate the rate 
of sedimentation of erythrocytes. The barometric pressure varied from 760 
mm. to 770 mm. 

Forty-four volumes per cent was found to be the moan hematocrit value 
for both males and females in our scries. Rourke and Ernstenc have set 45 
volumes per cent as the mean value for correcting the sedimentation rate. 
Fortj’-ninc volumes per cent Avas the highest A-aluc for females in the series, 
AA’hile 11 of 60 males had hematocrit amIucs of 50 to 52 A'olumes per cent. 

CONCLUSION.S 

1. The ei’jdhrocyte sedimentation rates of 100 normal I^Iiami Beach youths 
AA'ere determined according to the Rourlcc-Ernstcne technique. 

2. The rates of 75 per cent of the .series ranged from 0.09 to 0.65 mm. per 
minute, and 53 per cent of the series ranged from 0.35 to 0.65 mm. per minute. 

3. We propose that the upper limit of normal for the Rourke-Ernstene 
corrected sedimentation inde.x for SoAith Florida be extended to 0.65 mm. fall 
per minute. 

4. Since it has been proA-ed b.A’ other Avorkers that the various methods for 
determining erythrocyte sedimentation rate are reasonably the same, Ave sug- 
gest that the range of normal for other techniques also be extended for this 
locality. 
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PAPILLARY LY^IPIIOID CYSTADEN0:MA'» 


Rru’oin’ of Four Casks 


Hymax Peck, M.D., Hixi-:s, lu.. 


A ^IONG tumors of tlie salivary glands one of the rarest is pai>illary IjTnphoid 
cystadenoma. Other terms by Avhich it has been described include papillary 
adenoljTuphoma, papillary cystadenoma Ijinph glands, papillary cystadenoma 
lymphomatosum, branchiogenic ej’stadcnolymphoma, brancliiogenic adenoma, 
branchioma, and onkocytoma. Papillaiy Ijnniihoid cystadenoma is probably 
the most descriptive name for the tumor. 

The tumoi-s were first described by Albrecht and Arzt (1910), Glass (1912), 
Ssoholew (1912), and Feldman (1916). In 1935 Carmichael, Davie, and Stewart 
reviewed the literature and found 26 eases reported up to that time in twenty- 
one papers. They described 8 new eases. Subsequently, five more cases appeared 
in the American literature,®' “ and seven in foreign language publications.^®*'^® 
The genesis of these tumors has been variously ascribed to heterotopic sa- 
livary gland tissue in Ij-mph nodes,^’ ^ heterotopic pharj-ngeal epithelium,*" and to 
branchiogenic rests.*® The great majority of the tumors are first noticed in the 
fifth or sixth decade, and they are found only in close relation to the parotid 
and submaxillar}' glands and at the angle of the jaw. No case has been noted 
m association with the sublingual glands. They are six or seven times more 
eonunon in males than in females. Only two of the cases have been stated to be 
malignant. One tumor reported by Oden® showed enough active proliferation 
and loss of polarity of the cells to be possibly a transition stage between benignitj' 
and malignancy. Only one case was reported in which there was a local re- 
currence and this appeared in three years. 

In the surgical biopsies of Hines Hospital during the past turn years five 
cases of papillarj’^ lymphoid cystadenoma were found. One of these has been 
reported by Hines.** All of them were benign. 


CASE REPORTS 


Case 1. — The patient, W. S. D., was a white male, aged 51 years. One and a half years 
efore admission to the hospital he noticed in the preauricular area on the right a small 
ump which had grown progressively larger. On physical examination this mass was small 
and movable. 


At operation the tumor was enucleated from under the capsule of the parotid gland, 
nother smaller nodule was then found adjacent to the one previously removed, and it 
■"'as also removed. The tumors measured 2 by 1 by 1 cm. and 1.5 by 1 by 0.5 cm. 

\ J ** years before admission to the hospital a white male, 

1' • “8®^ ‘*9 years, observed in the right parotid region a growth which gradually 


Erom the Clinical Laboratorj- Center, Veterans’ Administration, Hines 111 
*mmlshed under K & P 6227. ’ 
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increased in size. Ko di.seoinfort or pain wn.s a.s.sociufed willi (lie le.sion. Jle wa.s operated on 
at another ho.spital, and a partial excision was done. 'J’Jie Itiopsy diaftno.si.s was made there of 
adenoma of the parotid with inali/rnant rhaiifte. Upon admi.s.^ion to the lio.spilal for further 
therapy one month later a soft 2 cm. mass was found in the ri^Iit jtarotid area. The tumor 
was raised 3.5 cm. ahovo tlio skin. Sialogram revealed filling of the ducts of the parotid 
gland which was coinj)res.'icd liy the e.vlernal tumor. 

At operation a nodule was found in the .snhsiiince of the ])arotid gland. 'I’lie tumor 
was completely encapsulated and easily enucleated. It measured 4.5 by 2.5 cm. 

Casi; 3. — Patient, K. C. 13., a white male, aged JK years, noticed a small lump behind the 
loft car, five months before admission to the hospital. Tlie ina.ss was about the size of a 
pecan and had grown steadily larger. The patient experienced no {tain and no increase in 
salivation. 

Physical examination rovealeil a 5 by 4 cm. mas.s in the loft parotid region. Tlie over- 
lying tissues were freely movable, but the tumor ajipeared to bo somewhat fixed to tiic 
underlying structures. iMo adenopathy was present. 

At operation the tumor was found to be within tlie jiarotid gland substance but well 
encapsulated and easily enucleated. It measured 5.3 by 3.5 by 2 cm., felt cystic, and had 
small satellite nodules at the perijdiery. 

Cask 4. — The iiatient, G. F. .1., a white male, aged 45 years, noticed a mass behind the 
angle of tlie left jarv tliree years before admission to the hosin'lal. This became iirogre.s- 
sively larger. The nodule was us.vmptonmtic. 

Physical examination revealed a tumor the size of a walnut behind the angle of the 
left jaw. The .skin was freely mo\'able over it. The mass was slightly movable but was 
apparently attached to, ajul was part of, the parotid gland underneath. 

At operation this mass was found in the lower ]>ole of the p.'irotid gland. It wn.s 
encapsulated and was easily enucleated. It measured 4 by 3 by 2 cm. 

The preoperative duralioii in oiir fa.sc.s wfi.s eighteen inontli.s, forf.v-two 
niontlis, five montlbs, and thift.v-.si.x inonliis, re.speetiveJy. find averaged Iwent.v- 
five months. Tiie Unnors were in the .sub.slanee of tlie parotid gland in three 
eases and jnst under the eapsulc in the first ca.se. None of the masses were pain- 
ful or tender. Tlie tumor tvas not attaelicd to the .shin in any of tiie cases. The 
right and left parotid areas were equally afi'ceted in frequency. The preopera- 
tive diagnosis in three eases was mixed tuiiior of the parotid gland. In our 
second case the preoperative diagnosis was adenoma of the parotid with mali.g- 
nant change. All the tumors w'cre well cneajisulatcd and easily removed. 

The capsule of the tumors was thin, fibrous, and had small vessels on its 
surface. The color varied from a reddish bromi to a reddish graj'. There was 
a small nodular character to the surface. The tumors were cut with ease and 
the sectioned surface was finel.v granular and showed small c.vsts filled with 
serous or colloid material which upon formalin fixation became an opalescent 
pearly gray. The specimen in our first ease, iiowcver, showed no cysts gi-ossl.v. 

Histologically the tumors were cystic witli papillary structures. Tlie.v were 
composed of a double layer of columnar epithelial cells which formed tubular 
alveoli or clefts, and c.ystic spaces with slender and branching papillary projec- 
tions. The cells were pale and under low magnification the cell outlines were 
difficult to make out. Goblet cells were very ])rominent and numerous in the 
fourth case and appeared occasionally or Avere absent in tlie other cases. The 
basal cells Avere smaller, ii’regular, and lay close to the basement membrane. In 
places the cells Avere multilaj^ered. The nuclei Avere round to oA'al and had a 
delicate chromatin rietAvork. Some of the nuclei Avere indented. The nuclei had 
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Pie. 1— Gross appearance of papillan.' bmphold cj-stadenoma in fourth case. 
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one or fwo nucleoli. Tlie epitlicliuin re.s(c(l upon ji (lu'n incml)i-<mc wliicli .seemed 
to fu.so with lilt* doliciitc relieuluni of tlic .stroiiui in tlio emil(U' of (he p.-ijulliie. 
Tlie slronui wa.s infiltrated fiy m;niy lytnplioeyle.s, witli (lie fornnition of lymph 
fol!icle.s Imvinir Ini-pre reaction ecii(er.s. The eell.s were not ciliated. However, 
adlierent nia.sse.s of .secretion jiave a false ai)pearane(‘ of cilia under low mattnifi- 
eation. 

The material in the cysts consisted of frrannlar ])reeipitate with de.srinamated 
epithelium, lymphocytes, plmpioeyte.s, fat, and cholesterol. 

SI-.M.MAKV 

1. Of 6,239 .surfjieal hioj)sie.s in Hines Hospital four ea.ses of j)a})illnry 
lymphoid eystadenoma were encountered. 

2. All four ea.ses showed eonsidcrai)le consistency in clinical and "ross and 
histological eharacfer,s, 

3. The clinical features were a painle.ss and otlierwi.se a.symptomatie .slow- 
growing mass in close as.soeiation with the parotid gland. TJie overlying .skin 
was movable and no ulceration occurred. The tumors were completely en- 
capsulated and easily enucleated and they did not recur. 

4. The gross appcaraueo was characterized hy a .somewhat nodular etipsule 
and a finely granular cut .surface on which cysts could usually he easily seen, 

fi. Tile histology was eharactcidstic and e.s.sejitiall.i' consisted of pai)il]ary 
structures with a double layer of eell.s lining cystic .s])aec.s. The core of the 
papillae Avas made up of a reticulum infiltrated with lymphocytes forming 
folliele.s having large reaction centcr.s. 
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THE SKJXIFICAN'CE OF THE ELT-XTHOCAHDIOnHA:\I WITH 
PROHIXEXT S WAVES IX I.EAOS I. II, AND HI' 


yi. WiLiiURNi:, and R. LASGKXDonK, ^r.H. 
CnicAno, lu.. 


A SHxAfAX and Hidden’ have recently directed attention to an eleetrocardio- 
^ graphic pattern exhibiting j)roininent S waves in Leads I, II. and TIT. 
Eight of their 29 eases revealed no demonstrable heart disease, and / of their 
8 cases showed no electroeardiographic changes other than the deep S waves. 
In all 8 cases the patients had a vertical or normally placed heart. Only one 
subsequent reference (Ashman and Hull') to this tMie of electrocardiogram 
has appeared in the literature so far as we know. 

It seemed desirable to investigate this pattern further in order to evaluate 
its frequency and significance. A total of 1,8.50 consecutive electrocardiograms 
from the Heart Station of ilichacl Reese Ho.spital were reviewed. Prominent 
S waves (defined below) in Leads T, II, and HI were present in 84 of these eases 
(4.5 per cent). The ages represented in the 84 electrocardiograms ranged fr-oin 
4 to 77 years inclusive. Fifty-nine persons were males and 25 were females. 


T.vble I 

CoEBEIuVTIOX or CtlXICAL FINDINGS WlTII ELErTKOrARDIOCB.VMS E.XHIBITINC PP.OMINENT 
S IN Leads I, II, and III 


CLINICAL findings 

1 

; TOTAL KO. 
OF CASES 

84 

j ELECTKOCAKDIOGRAil 

NORMAL*' 
(group a) 

3.5 

QUESTIONABLE 

(group b) 

8 

ABNORilAL 

(group c) 

41 

^0 demonstrable heart disease 

28 

19 

4 

5 

questionable heart disease 

10 

O 1 

1 

6 

heart disease 

46 

13 ' 

o 

o 

30 


*See criteria in text. 


The electrocardiograms were divi.sible into three groups.- Group A. in 
nhich no additional deviations from the currently recognized normal electro- 
eaidiogram were found — 35 eases; group B, in Avhich the electroeardiogr-ains 
shoned changes n-hich were considered questionably abnormal — 8 cases; and 
rUoup C, in which the electrocardiograms rcA’ealed definite abnormalitie.s — 41 
rases. The relationship of this pattern to the presence of heart disea.se in 
t e.se three groups is summarized in Table T, and their distribution by age 
fU'onps is shown in Table II. 

Cardiova.scular Department. Michael Reese Hospital. Chicago, 
fc-arcii' Emil and Fanny Wedeh-.s Funds for Cardiovascular Re- 
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The eleetrocai'cliograms coiisiclererl to he of the othci-wise iionnal S type 
(Fig. 1) were those exhibiting (1) prominent S ivaves*' in Leads I, II, and III, 
(2) absenee of a prominent Q wave,! and (3) aksenee of otlier electrocardio- 
gi-aphic changes. Tlie criteria employed to diO’erentiate tJie otherwise normal 
S tj^pe from the abnormal patterns were: (1) QKS of normal duration; (2) 
QRS, mainly upright, or small and equiphasie; (3) QT?S; mainly upright; 
(4) .S, deeper than S, ; (5) normal S-T-T comple.x in all limb leads; (G) CF, 
and OF., normal, i and (7) absence of low “voltage.” In all the otherwise 
normal S type of records QILS in the limb leads ivas lai-gest in Lead TI. The 
35 cases in group A fulfilled the above reqnirement.s. Those in groups B and 
C did not. 



Pig. 1. — Five lead clectrocardiosninis of Uio olberwiso normal S type showing Leads I, 
II, III, CFs, and CF<. Record A is that of a normal adult and record i? of a normal child. 
Note the prominent S waves in Leads I, 11, and III, and the absence of other deviations from 
the normal. The T-wave cliange.s in Leads CF 2 and CFi in B live normal In a child. QRS m 
CFs is diphasic but the upright phase is not clear in the rei)roduction. 


Of the 13 cases in grouii A in rvliich heart disease was known to be present, 
there were 5 patients with clinicallj' quiescent rheumatic heart disease and 
suspected mitral insufficiency, 4 with angina pectoris, 2 with chronic cor pul- 
monale, one child with a first attack of acute rheumatic fever, and one child 
with postscarlatinal myocarditis. 


♦Final inverted phase which is 25 per cent or more of the upright phase of the QRS 
complex. 

tinitial inverted phase which is 25 per cent or more of the upright phase of the QRS 
complex. 

JThree of the 84 electrocardiograms had no chest leads records had only one chest 

lead (CFs) ; the remaining 79 had two chest leads {CF» and CF^). 


WILBURN'IM-AXGKNDORF : KhKCTROCAKDIOORAM WITH S WAVI-S 


305 


The abnormal electrocardiograms exliibitin" S Avaves in the limb leads, 
represented by the 41 cases of proup C, rverc divisible into 5 major patterns: 
(1) left ventricular preponderance. (2) riirht ventricular preponderance, (3) 
combined right and left ventricular strains.’"'’ (4) myocardial inf.arction, and 
(5) nonspecific patterns. In Table 111 is ])resenled a summary of the various 
types of patterns encountered in the abnormal electrocardiogram of group C. 
The most frequent abnormalities encountered in the nonspecific patterns ■were 
S-T depres.sions in the limh leads, sidintering and inversion of the QT?S com- 
plex in Leads CF; and CF^. inversion of the T wave in CF- and CF<, and Ioav 
“voltage.” 

T.\nu: IT 


Ages Represekteh is the S4 Ki,r.cTr.ncAninor,n.\M.s T-Tviiiritint, I’iiomixen't S Wave.s ix 

I^EAD.S T, II, AXI> 111 


AGES (AT-) 1 

1-10 1 

, 11-20 1 




1 51-00 1 




s 

■ai 

Hi 

13 


mm 




o 


0 


■H 


wm 

0 


1 

mm 

1 


1 

■9 


0 




T 



MM 

1 10 

o 


Tabi.k III 


Clixic.vl Status axd Abnormal Ei.Ecmoc.vRDiocr.ArHic P.vtterxs Exjubitixc Promixext 

S WaA-ES IX LE.VDS I, II, AXD III 


cli.vical .status 

TOTAL 
NO. OF 
CASES 

Ki.KrTr.orARDioGnAruic patterns 

LETT 

VENTPJCUIAR 

PREPONDER- 

ANCE 


COMBINED 
RIGHT AND 
LEFT \T:N- 

TP.ICCU^R 

STRAIN 

MYOCARDIAL 

INFARCTION 

NONSPECinC 

ABNOR- 

ilALITIES 

Total 

41 

10 

4 

2 

4 

21 

demonstrable 

5 

9 

9 



1 

lieart disease 







questionable 

6 

1 





heart disease 







i^efinite heart 

.00 


9 

O 

4 


disease 








mscus.siox 


Records Avitb deep S avra'cs, in Leads I, II, and III Avere thus encountered 
ui 4.5 per cent (84 cases) of the 1,850 consecutiA'e electrocardiograms reAueAved ; 
■2 per cent (41 cases) rcA'ealed electrocardiographic abnormalities other than 
e S-type pattern, indicating a definitely abnormal record; and 0.5 per cent 
cases) shoAved borderline electrocardiographic A'ariations. In 1.9 per cent 
(• 5 cases) no additional deA’iations from the normal A\-ere noted. This last 
aioup was labelled the otherwise normal S tj’pe. In 19 eases, or more than half 
0 this group, this pattern occurred in patients AAuth no demonstrable heart 
^sease. The probabilities are that the percentage of normal hearts in this 
ofoup would be much greater in a random sample of the population than in 
e one selected for this study, since the percentage of normal hearts included 
A^ould have been much greater. 


his otherAA-ise normal S type of electrocardiogram (in AA'hich prominent 
cuvr present in the three limb leads without other dcAiations from the 
ently recognized normal electrocardiogram®) is thus encountered in ap 
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proxiniatoly 2 per cent of iTeords in eJcclrocfirdio^nipirK! files-. Tlie que.sUon 
arises as to whether the otherwise norma! S ty])e of elect roeardiofiram shouhl 
be regai-decl as a noi-nial variant freciuently observed in cardiac disease, or ns 
an al)iioi-inal pattern often seen in the absence of evidence of heart disease. 
It appears to ns that the a.ssnniption that it is a noi-nial A-arianf is ])refcrable, 
.since it would tend to a^rree witli elect roeardio^n-aphic studies in which normal 
eleetrocardio'jrams are more often seen with cardiac disesise than are abnor- 
mal electrocardiograms in the ab.sence of heart di.sease.' Ncvei-thele.ss, in indi- 
vidual eases the occurrence even of the otherwise normal S-type record should 
.sugfrest thorouii'h invest i'>at ion of the case before di.smi.ssiii”- it as a normal 
variant. 

SUMMARY AXn COXUIATSIOXS 

1. lilectroeardiop^rams exhibitinsr prominent .S waves (final invertcfl j)hasc 
of the QKS eomple.x measurin<r 25 per cent or more of the uj)rif,dit pha.se) in 
Leads 1. II. and III were present in cS4 ca.ses of l.S.oO conseeufive electrocardio- 
H-rams i-eviewed. 

2. In 41 of these cases definite elect rocardio*;raphic abnormalities, .such as 
left ventricular ])reponderanee, ri^ht ventricular ])i-ei)onderanee, combined riiilil 
and left ventricular .sf?-ain. myocardial infarction, and nonsj)ecific abnormal 
patterns were found. In S others nue.stionable abnormalities were present. 

3. In 35 cases no other deviations from the normal ])a1tei-n were observed 
and these were rcfiai-ded as the otherwise normal S type of elect roeardin';ram. 
The criteria employed in this deduction are dcsci-ibed. In I.O of fhe.se eases no 
demonstrable heart di.sease was pre.sent : in 3 the clinical findiiifrs were incon- 
clusive: and in 13 there was clinical evidence of heart di.sease. 

4. It is concluded that electroeardiof*ram.s e.\'hibiti?i‘> ])rominenl S n-aves 
in Leads I, IT, and III ai-e more common in ]>atient.s with cvideiiee of heart 
di.sease than in normal persons in the population of an elect i-oeardiofiraphic 
laboratory. However, in an otherwi.se normal elect rocai-dioKi'am the .S type 
may be a normal variant, but before this deci.sion is made the case .should be 
thoroughly investis^ated. 

"We are fjiateful to Dr. L. X'. Katz for lii.s invaluable aOvIce and criticLsm in tliKs study. 
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CLINICAL CHEMISTRY 


ELECTROLYTE AND WATER EXCIIANTiE B1-:TWEEX SKELETAL 
MUSCLE, “AVAILABLE (THIOCYANATE) EI>ril),” AND PLAS:\rA 
IN THE DOG FOLLOWING THE ADMINISTRATION OF 
DESOXYCORTICOSTERONE ACETATE*^ 


David JI. Hai!kni;.s.s. B.S., EinvAito Mi:xt\vyij;ii, Pii.D.. and 
Fbkdkkick R. JIautz. M.D., Clkvki.and, Ohio, and 
Rodkiit C. JIi:m,oks, Pii.D., BAi/riMOiti;. Mu. 


OHORTL^ followin',! tlie introduction of clcsoxycorticosl crone acetate for elin- 
ical n.se in 1939, lunnerons .studies ajiiieared dealin'r witli it.s therapeutic 
'alue in the treatment of Addi.son's disease and witli its etl'cct on clcctrol.vtc and 
''ater metabolism. These studies'"” revealed, amonir other thiiig-s, that the ad- 
nuiiLstration of the sub.stanee to patients with Addison's disease or to animals in 
adrenal insufficiency leads to a retention of sodium and chloride, and to an in- 
creased excretion of pota.ssium and phosphorus. The plasma sodium and chloride 
concentrations become elevated to normal, and the ])lasma and extracellular fluid 
'oliunes become increased. At the .same time the plasma potassium becomes re- 
ueed, frequently to ahnormall.v low levels. While many clinical studies .showed 
adorable therapeutic results with the use of dcsoxycortico-sterone acetate, a 
number of authoi’s '< '• ® issued a warniiifr that .symptoms of overdosage may 
occur in certain patients, particularly tho.se receiving high .sodium and low 
potassium diets. Indications of an exce.ssive dosage of the substance or of .sodium 
ci oiide, or of both, ma.v be found in the appearance of edema, rapid gain in 
"eight, increase in blood pressure, and finally in signs of congestive heart fail- 
uie. The administration of large doses of desoxycorticosterone acetate to nomial 
OnS has not been found to lead to the above .s.vniptoms; however, such animals 
C'elop a .syndrome resembling that of diabetes insipidus'-’"” and show periodic 
•'ittacks of muscular weakness or paralysis.'"- 

The experiments included in this paper were undei-taken for the following 
Pm'po.ses: (1) to observe any changes of the plasma volume and “available 
( hiocyanate) fluid" from normal; and (2) to observe the electrolyte and water 
exc ranges between skeletal muscle and pla.sma following the admini.stration of 
'6 lug in large doses and after it.s discontinuance. 


1IETHOD.S ^VND CALCULATION 


™ « "'Octant 

Wiet sugge.sted by Nilson’“ and supplemented by 15 Gm. of sodium chloride 


-'■c- Umve’rsUy. cfeveVanfl" biochemistry- and Surgery. School of Medicine. Western Re- 
C A Prelimin-,^-'*"^ Foundation. 


m. 1942). 
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and 5 Gm. of sodium citrate jier day) for a period of at least seven da3's before 
the experiments were undertaken. It was eustomaiy to williliold food for 
eigliteen to Iwenhy-four hours before collect inp: the samplc.s for anal.vsis. Control 
determinations of tlie j)]a.sma volume and the “available (thioc.vanate) fluid” 
wore made bj' the direct method of Gre«:crscn and Stewart, “ as adajited to the 
photoelectric colorimeter b.v Gilrson and Evel.vn.’'' The animals then received 
dcsoxj'cortieosterone acetate® suhentancouslj’- (1 mg. per kilogram of body 
iveight dailjO foi’ a period of fourteen duA'-s, at Avliich time the above determina- 
tions Avere repeated. Immediately foIloAving these determinations, blood Avas 
AvithdraAA-n under oil from the femoral arIcrA', placed under oil in a special 
eenti’ifuge tube containing heparin to prcA'cnt clotting, and centrifuged at once 
for the plasma analj'scs. Skeletal inasclc (lumbar portion, sacro.spinalis) Avas 
obtained under sodium pentobarbital anesthesia as (luickl.v as po.ssible folloiving 
the collection of the blood and Avas sampled for the several anal3'.ses in the man- 
ner preA’iously described.”’ The folloAving determinations Avere carried out on 
the plasma: Avater, chloride, .sodium and pota.ssium; on the muscle; Avater, 
chloride, sodium, potassium, and total neutral fat. I’lie chemical methods Averc 
the same as those emplo3-cd in previous studies.'' 

The administration of the deso.\3’corticosl crone acetate Avns then discon- 
tinued, and after a period of fourteen da3's the foregoing obsciwations Avere 
repeated. During this intcrA’al the diet remained unchanged in three of the 
animals Avhile in five others the salt supplement Avas changed to 3 Gm. of sodium 
chloride plus 10 Gm. of potassium dih 3 -drogcn ])bosphate dail.A'. 

The A'olumes of the extracellular (F) and intracellular (C) phases of muscle 
Avere calculated in the manner outlined by Hastings and Bicbelbergcr,'® Avhieh 
is based upon the a.ssumption that all the chloride is exti’acellular and is present 
at a concentration equal to that of an ultrafiltrate of j)]nsma. In order to ap- 
proxunate the A’olume cliangcs produced in Die extracellular and intracellular 
phases of 1 kilogram of original muscle, tiie calculations Avere made relatiA-e to 
a control series, assuming a constant solid content of the intracellular phase. 
The partition of sodium and potassium betAveen the extracellular and intra- 
cellular phases of muscle Avas carried out 1)3- the method described by previous 
authors.'®’ The experimental A’alucs herein reported for intracellular sodium 
and potassium are giA’en in terms of a kilogram of intracellular AA’ater and liaA'c 
been con’ected to an intracellular solid content equal to that of the control mean. 


RESULT.S 


Changes of the Plasnia Votume and '‘Available (Thiocyanate) Fluid .”- — 
Jleasurements of plasma A-olume and “aA'ailablc (thioe3'anate) fluid” AA'ere car- 
ried out on nine animals folloAA’ing the administration of desox 3 'eortieosteroiie 
acetate and on eight animals after its discontinuance. On the basis of indi- 
vidual control levels, the plasma A’olume Aims found to be increased b 3 ' an average 
of 11 per cent and to range from 1 to 33 per cent, Avith an increase greater tlian 
10 per cent occurring in four instances. (The increase of plasma A’olume 
amounted, on the average, to 77 e.e., ndtli a range of A'ariation from S to 206 
C.C.). LikeAAuse the “available (thioc 3 mnale) fluid” AA'as found to be increased 


•AA’’e are indebted to the Scheringr Corporation for 
desoxycorticostorone acetate in se.same oiT (Cortate) 'n'lifcli 


tlie generous supply of crystalline 
rvas employed for these studies. 
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by an average of 15 per cent and to range Ironi 5 to 40 ])C‘r cent, willi an inerca.se 
greater than 10 per cent occurring in five instances. (O'lie increase of “available 
(thiocyanate) fluid” amounted, on the average, to 700 c.c., with a range of 
variation from 290 to 1,600 c.c.) 

Fourteen days after the administration of the drug had been discontinued, 
there was found to be a persistence of the average increase of the plasma volume 
and, although less, of the “available (thiocyanate) fluid.” Thus the plasma 
volume was found to be increased by an average of 16 per cent and to range 
from 2 to 42 per cent, with an increase greater than 10 per cent occuri’ing in 
five instances. Similarly, the “available (thiocyanate) fluid” Avas found to be 
increased, on the average, by 7 per cent and to range from -5 to 21 per cent, 
with values greater than 10 per cent occurring in only three instances. 

From these data it Avould appear that, although in a fairly high percentage 
of animals receiving large doses of dc.soxycorticostei'one acetate the increases of 
plasma volume and “aA’ailablc (thiocyanate) fluid” may not exceed the po.s.sible 
experimental error, there docs .seem to be a definite tendency for both volumes 
to become elevated and in some instances to become elevated appreciably. 

Tabi.e I 

Electrolvte akd WATEr. Context of Peasma From Dons Foet.owing the ArministratiOn 

OF DE.SOXYCORTICOSTERONE AoETATE and .\JTER It.S Di.SCOKTI.VL'AXCE* 


.. . 

WATHU 

riii.oniDE 1 

sodium I 

POTASSn.'M 

Controls (171 

Gm. per kg. 

meq. per kg. water 




Mean 

918.4 

120.5 

150.3 

3.1 

Standard deviation 

7.1 

2.9 

3.5 

0.0 

Following dcsoxj-corticostcronc acetate 










Mean 

920.2 

114.0 

157.4 

2.1 

Maximum 

920 

IIS 

101 

3.1 

Minimum 

915 

111 

152 

1.0 

After de.soxycortico.sterone acetate dis- 





continuance (31 1 





Mean 

914.0 

117.1 

159.2 

9 9 

Maximum 

920 

118 

103 

2.7 

Minimum 

908 

110 

150 

2.0 

After desoxj'corticosterone acetate dis- 





continuance (5)t 





Mean 

918.3 

110.4 

150.3 

2.0 

Maximum 

Minimum 

923 

913 

119 

115 

102 

1.53 

3.4 

2.2 


acetatp Tvao n.T .P?‘'*ons. One milligram per kilogram of body ■weight of desoxycortioosterone 
animals. administered daily. The numbers ■within the parentheses indicate the number of 

iHlgh sodium and low potassium diet. 

ILow sodium and moderately high potas.sium diet. 

T , Changes. — The results of the analysts of plasma are presented in 

a e I. By comparison with a control series^ it Avill be seen that the outstanding 
c ianges encountered folloiAung the administration of desoxycorticosterone acetate 
ere the deficits in the aAmrage lexmls of potassium and chloride. That there was 
a tendency to an elevated plasma sodium concentration Avas indicated bx^ the 
shghtly elevated average value. 

administration of the drug had been discontinued the 

whose^'^'T T ^ ^^^ther increase in the three anhnals 

cliet Avas left unchanged, Avhilc it feU back to the control mean in the 
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five iiniinal.s wJio.se .sail siijiiiieiiient was (*lian":e(] lo 3 (!ui. of .sodium cliloride 
])lns 10 Gni. of i)ofa.s.siiini diliydrojreii pJiosjiliate daily. Some dccrea.se of tlie 
average levels for liolli jiota.ssium and cliloride wa.s still round to he pre.senf in 
both groups of animals. 

Attention should he called to the fact that ICiddman. Ragan, and a.s.sociafe.s,'' 
and Perrchce, I’arkcr, and otlicr.s’" noted an increase of the jilasma .sodium con- 
conlration amounting to about -1 or 5 nieii. iier liter and a fall of the plasma 
Jiota.ssium of about 1 lo l.o metj. pci' liter in normal dogs receiving 2') mg. of 
de.soxycorlico.st crone acetate daily for jierioils of twent.v or more days. Although 
the changes of the jilasma sodium wei-e le.ss striking, the didieits of jilasma jiofas- 
sium encountered in the pre.sent e.xiieriinents are of the order noted by the above 
worker.s. It is of some interi'st that oven though the jilasma potassium tended to 
return to normal, the average figure %va.s still lowered somewhat two weeks after 
the diseontinuanee of the drug de.spife the adfleil daily intake of jiota.ssium. 


Taiii.k II 


I'li.Kf riioi.YTi; AMI \Vati:i: Cu.vtk.st or .SKKi.rTAi, Mi sci.i; Kikim llof:..< Koia.owi.vo Tin: 
Al).\ti.vtsTi;.\Tl<ix or nKs-oXYeoin'iro.sTUi'.oNT. AerTATi;* 

(Tlie value.'j iiro e.\pri’,«so(I in lorin.'i of 1,000 (5iii. of fat-free iau.>-ele,) 



COXTIIOI.S (171 

KOM.OWIXfJ 

ACKT.VTK 

] ) K.S 1 )X V( ■( )Ii Tl ( 'O.STOIOX E 
\I)MIM.STi:.VTIO.V (10) 

MKAK 

.STAX PA IIP 
pkviatiox 

Ml: AX 

.M.YXIMVM 

MISlMVJt 

Clilm-iiJc, meq. 

ISl.S 

ll.o 

20.(1 

• >•> 

id 

Hodiuni, meq. 

.'M.I 

:t.i 

•Hi.l 

.■>7 

;!!i 

Pot!is.«inm, meq. 

SS,.") 

li.ii 

(Jd.P 

7(> 

.•12 

Water, Gm. 

7(i-I.O 

S.-l 

7.')!l.S 

77i> 

7-10 

E.xtiaeclhilar pliase, (F), Gia. 

l.')S 

M 

KiS 

ISO 

U(i 

Intraeelhilar water. Gm. 


!>.7 

7i;:.s 

7;i2 

702 

Intracellular sodium, [Na],,t meq. 


•1.7 

.'iri.d 

3-1 

21 

Intraccllalnr pota.'i.'iiiim, [K],,} 


11.7 

311.2 

12-1 


meq. 






AM, Gm. 



-10 

-00 


AC, Gm. 



- 2:1 

-uO 

.OO 

AF, Gm. 



7 

:io 

-to 


•Ijiinibar portion. .‘«acro.‘^I»inaUs. One inilli^rain kilojrram of Iiody wcipht of dC 50 xy- 
oorticoslerone acotato was injected daily for fourteen days. 
tPer 1,000 Gm. of nnisele cells. 

tPer 1.000 Gin. of intracellular water, corrected to a .solid content equal to tliat of the 
control. Xurnber.s within the iJurenthoses indicate the number of animals. 


Skeletal Muscle Cliungcs . — The results of tlie analysis of skeletal imiscJe 
have been presented in Tables II anti III. By comparing llicse data with those 
of a control series,® it will ho observed tliat two weeks following the administra- 
tion of dc.soxyeorf ieosferone acetate (Table II) there was a .striking fall of 
skeletal muscle potassium and a gain of sodium. Tlic muscle chloride remained 
imehnngcd while the average water content was lowered slightl.v. 

The jiartition of .sodium and jiota.ssiuin hclwceii the extracellular and intra- 
cellular comjiarlment.s of skeletal niu.selc revealed that the “excess” sodium, 
which can be located in the intracellular jihase, [Na],-, inei'casecl from a control 
level of 12.7 meq., i 4.7 meq., jier kilogram of intracellular water to an average 
figure of 35.6 meq., with a range of variation from 21 to 54 meq. Simultaneously, 
the average intracellular potassium per kilogram intracellular water, [K]c, 


•The data for plasma and skeletal muscle of the control senes were 
tion with another study.'* The.'to observation.*? were carried out on a •‘'^Tarate .^eiies m 
animals; however, the chemical methods and uianagcnient of the animals were icicnticai uitn 


those employed here. 

















IIAP.KNTSS rr A!-.: 


i>i:soXYC()KTirosii;i!()Nr. AcirrA'i i: 


:ui 


fell from tlie eouli'ol level of Ho.O nieq., /.1 1.7 meq., lo 111.2 ineq., ^\illl ;i i.iiigc 
of variation from HS to 124 ine(i. It will be ohs(*rve(l that, on tbe <i\ei.iire, llic 
.sum of the eoneeiitralions [Na].. and [K!.. beeonie low<>red by 10.9 nie(i., indieat- 
ing that the gain of ••(‘xeess" sodinin did not eoinplotely eompeiisate the loss of 
intracellular ]iotassiinn. In this eonneetion it will be scaui that tin; ealeid.ition.s 
of the volume (dianges prodnei'd in the (“Xtnieellnlai’ and intraeellnlai’ j)hases of 
1 kilosiram of control iniisele revisded some irregularity. IIowe\er, on the basis 
of an average 24 (iiu. deei'case in the intra»'ellnlar jihase. Jf . and an a%eiag(! 
amounted to a deerease of Ki (iin. ]ier kilogram ot control muscle, .dM, consisting 
of an average 23 (liu. decrease in the intracellular phase. _1 and an average 
7 f!ni. increase in the extracellular j^hase. ..Ih'. Thus. de.si)ilc a marked di- 
vergence from normal of the clecti'olyte ])attern of the intraeellnlai’ ])hase, there 
were, on the average, no striking changes from normal in the volume relationship 
hetween the extracellular and intracellular phases. In fact, the average volume 
changes encountered wore in the direction of those which might be anticipated 
on the basis of a gain of the extracellular sodium concentration and of the 
■‘available (thiocyanate) fluid.” 

Taiii.k III 


Ei.F.rrr.oi.vTE .\xn AV.vteii Co.n'tent or Skei.ctai, Mr.sci.r Fc.om Doos .VrTEi’. the Di.srox- 
Tise.vxcE or DESoxvcor.Tico.sTEno.vE A<arrATE AoMi.s'i.STr.ATiox^ 


(Tlie valuc.s arc cxpresscil in terms of 1.000 Gni. of fat-froe muscle.) 



moil SOPIL'.M — 
I’OT.ASSirM DIET 

I.OW 

(•^) 

I.OW SODIL'M — MODERATE 
POTASSIUM DIET (5) 


MEAN’ 

M.VX- 

IMl'M 

MIN'- 

IMCM 

MEAN 

SIA.X- 

IMI-JI 

MIN- 

IMUM 

Uliloride, meq. 

20.7 

21 

IS 

20.0 

24 

10 

Sofliuni, meq. 

40.0 


19 

40.1 

45 

30 

Eotapsium, meq. 

01.4 

01 

00 

72.5 

S3 

04 

f^-lter, Gni. 

Extracellular plia.iie, (F), Gm. 

702.0 

775 

748 

705.5 

77o 

759 

170 

181 

147 

105 

193 

135 

Intracellular water, [H,b]e,f Gm. 
Intracellular sodium, [Jra]r,t meq. 
Intracellular potassium, rK]„{ 

715.S 

728 

707 

721.2 

732 

711 

.1.5.9 

42 

29 

25.9 

30 

15 

meq. 

102.7 

104 

99 

119.0 

132 

105 

■^^1, Gm. 

-0 

-00 

49 

7 

41 

^90 

.IC, Gm. 

-17 

-45 

19 

-1 

-35 

34 

:y, Gm. 

11 

30 

-21 

8 

37 

-21 


portion. sacro.spinali.s. Ob.servations were made fourteen day.s after discon- 
tinuance ot desox}-cortico.sterone acetate administration. 


fPer 1.000 Gm. of muscle cells. 

1.000 Gm. of intracellular water, corrected to a solid content equal to that of the 
01 . Xumhers within the parenthe.ses indicate the number of animal:;. 


By comparing the data presented in Table III with those given in Table II, 
if nill be observed that a marked deviation from normal of the .skeletal muscle 
sodium and potassium content Avas found to pei-sist in the animals studied tAvo 
"eeks after tbe administration of the drug had been discontinued. The partition 
of .sodium and potas.sium betAA-een the extracellular and intracellular compart- 
ments revealed, on the aA'erage, no tendency of the intracellular concentrations of 
t lese tAvo cations to retuni to normal Iga'cIs in the three animals Avhieh Avere per- 
mitted to continue on the diet high in .sodium and Ioav in pota.ssium. HoAA'GA-er, in 
f le ca.se of tlie tiA-e animals AA'hich receiA-ed a daily salt supplement of 3 Gm. of 
so nun chloride plu.s 10 Gm. of potassium dihydrogen phosphate during the 
pomd of drug diseontinnance, a tendency for the intracellular concentrations of 
•0 mm and pota.ssium to return to normal Avas noted. Thus in the latter animals 
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tlie avei-age intracellular sodium, [NaJc, was 9.7 meq. lower, and the average intra- 
cellular potassium, [Iv]c, was 8.4 meq. higher than the average levels observed after 
the administration of the drug. It will he observed that as was the case with the 
muscles of the animals e.xamincd after the administration of the desoxycortieos- 
terone acetate, the calculations of the volume changes jirodueed in the extra- 
cellular and intracellular jihases of 1 kilogram of control muscle revealed, on 
the a%'erage, no changes from normal whicli could not he anticipated on the basis 
of the extracellular sodium concent i-alion and llic “available (thiocyanate) 
fluid.” 

DISCUSSION 

At the time the present experiments were being hrougiit to a conclusion, 
the report by Fcrrebee, Parker, Carnc.s, Gcrity, Atchley, and Loeb'" a])peared, 
calling attention to the fact that normal dogs receiving daily injections of 25 mg. 
of de.so-xycorticosterone acetate develop mu.scular weakness and a syndrome re- 
sembling diabetes insipidus. It was pointed out, further, that there iverc at- 
taclvs of paralysis associated with a jiartial i-eplaeomcnt of the intracellular potas- 
sium of the skeletal muscl&s by .sodium. In rosiieet to the distortion from nor- 
mal, the changes of intracellular .sodium and i)ola.ssium of slcelclal muscle en- 
countered in the present stud.v are in complete harmony with those reported by 
the aforementioned workers. Even though smallei* dases wore employed in the 
present experiments, two of the ten dogs cx'hiliitod paralysis ivhile receiving the 
drug. Interestingly enough, these two animals also .showed the greatest lasses 
of intracellular potassium and gains of intracellular sodium, the figures for 
fK]c being 87.7 and 96.0 meq., and those for [Xa]e being 54.4 and 47.4 meq. per 
kilogram of intracellular water, rc.si)cctivcly. 

SUMDIARY 

Changes of the plasma volume, the “availalile (thiocyanate) fluid,” and the 
electroljde and ivater content of iilasma and .skeletal muscle u'cre observed in 
normal dogs following the daily injection (1 mg. per kilogram of body weight) 
of desoxycortieosterone acetate for a period of two weeks and two weelcs after 
the administration of the drug had been di.scontinued. The pertinent findings 
may be summarized as follows : 

1. Nonnal dogs maintained on a high sodium-low potassium diet e.xhibited 
a tendency for both the plasma volume and the “available (thiocyanate) fluid” to 
become increased while receiving the drug for a period of two weeks. In many 
instances the increases of plasma volume and “available (thiocyanate) fluid” 
did not exceed the possible experimental error. However, not infrequently botli 
volumes were found to be elevated appreciably. 

2. Two weelvs after the administration of the di'ug the animals showed, 
on the average, a fall of the plasma potassium and chloz'ide concentrations and 
a tendency toivard an elevated plasma sodium concentration. At the same time 
there ivas a sti-iking reduction of the skeletal muscle potassium content, a gain 
of sodium, and no change of the skeletal muscle chloride. On the average, the 
loss of intracellular potassium was not completelj^ compensated bj' a gain of 
the sodium which could be located in the intracellular phase. 

3. The animals which were studied two weeks after the administration of the 
drug had been discontinued continued to shoiv a marked reduction of the skeletal 
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muscle potassium and elevation of sodium. While tliere was no tendency for the 
intracellular concentrations of the.se two cations to return to normal levels in 
animals maintained on a higli sodium-low potassium diet during tliis period, there 
was, on the average, such a tendency in the animals receiving a lowered sodium 
and increased pota.ssium intake. 

4. Despite the marked divergence of the electrolyte pattern of the intra- 
cellular phase from the normal, there were, on the average, no striking changes 
from normal in the volume relation.shij) between the extracellular and intracellu- 
lar phases. 
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LABORATORY METHODS 


QENERAL 


USE OF SOWlTi\r DESOXYCHOLATE-LYSiED AXTICIEN FOR THE 
PRODUCTION OF I^NEUUMOCOCCUS ANTISERILAU 


Hehmax a. IvEiiSox, I\I.D., AXi) UoKixc W. Pkatt, A.B. 
BAiAriMORK, Afn. 


T he prodnclion of juifibodic.s imcuwoeooui by JJie use of lysnics of 

pneumococci inis been denionsinilcd by a mimbei' of ijivcsligalois. iRcycr,* 
and I\Ieyer and Sukneil',- used a sodium (aurocliolale lysalc of type I ])neiimo- 
cocci to immunize rabbits and mice. Pneumococci treated with soaps (sodium 
rieinoleate) were used by Larson and NeLsoir" and l)y Lanson^ for prQi)iiylaxis 
in man and to produce a therapeutic antiserum. Pneumococci treated with I)i]e 
salts were used as antigens l)y .some workers.'’ Wliite," summarizing previous 
work, says: “Filtrates from fluid cultures and watery oi’ saline c-xtraets of 
pneumococci, representing as they do only a part of the antigenic components of 
the pneumococcal cell, are more limited -in immunizing properties tiian the en- 
tire cell,” and further, “while pneumococci treated with bile salts may induce 
immunity in mice and rabbits, and i)resumably in other animals, the immunity is 
of low order and is lacking in tyi)e specificity.” 

Our experiments were made with antigens j)rej)arcd in three Avays: 1. Ihai- 
killed whole cnlturcs of young virulent strains of tyjje I j)ncumocoeci wei'e made 
into antigens according to the method of the idassaclni.setls Antito.xin and Vac- 
cine Laboratory (quoted by White). 2. Lysalc anliycns, made from si.xtecn- 
hour broth cultures of the same strain.s, washed Avith salt solution, and diluted 
AA’itli salt solution until the turbidity of the suspension con-e-sponded to tube 3 of 
a barium sulfate standaixl.® The suspension aaxis then lysed by adding 2 drops 
of sodium desoxycholate solution'’ to each 8.0 e.e. of the culture suspension. 3. 
Lysate antigens, prepared as described and passed through a Seitz fitter to re- 
moA’e any possibility of production of antibodies being the result of particles of 
the eells that failed to dissoh'e. All antigens Avere prepared fresh daily. 

Some of the rabbits AA'ei’c giA'cn inlraA-enous injections of antigens for tAvelvc 
consecutiA'c days; an initial injection of 0.5 c.c., increased each day by 0.5 c.c., 
until a maximum daily dose of 2.0 e.e. aa^s attained. One group of rabbits AA’as 
injected according to the protocol of the Massachusetts Antitoxin and Vaccine 
Laboratory, consisting of a total of 18 injections giA'en over a period of tAA’elve 
weeks. Other i-abbits Avere given a total of 12 injections in series of four eon- 
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School of Medicine, Baltimore. _ 

This work was supported in part by a grant from Hynson, Westcott & Bunningr, Ba ti- 

more. 

Received for publication, May 5, 1942. 


314 



IVKRSON-I’KATT ; 


i:sr, or sodii-m nr,<oxYcnni,.\Ti;-i,YPi:!) antioi-.n 


31 .') 


Kccutive days with sovoii-ilay vast jirriods l)(‘1\v<'cn srrios. In tiu- above experi- 
ments no fiUcrod-lysed anti|j:en was used. In still aJiollier "ronp of ral)l)its. 
liowovcr. two animals wc're inji'eted with iieat-lulled aiititren. two with lysed 
antiiien, and two with filtm-c'd-lysed antiijen. h'onr daily injections were uiven, 
followed hy a rest period of thirty-one days an<l four more daily injections. AH 
animals were hied five days after the last injection. Xo siiinificant difterence w.'is 
obtained when the same type of antiuen was used ii\ the ahov(“. nudhods of im- 
munization. It would ai)})eai'. therefore, that the shorter ])eriod of immunization 
is to he preferred. 

The potency of the antisera was detennined hy means of airjrlutinatioji tests. 
Xeufcld tests, microscopic precipitin tests hy the method of fschauh and T?cid,‘ 
and mouse protection tests accordiu<jt to the ])otency (of serum) test of the X'a- 
tional Institute of llca\ti\. The re.suits can he summarized in Table T. They 
were similar in all trials exee))t for individual variations iti the rahhits. 


T.Mir.r. 1 


TE-ST 

IIKAT-KlUXn ANTIOKN’ 

lA'SKP rs*F.t:Mococci:K 

ANTIGKK 

I-VSKD AST) ni.TEIlKD 
AN'TIGKN* 

Agglutination 

Complete in 1 ‘.Z-O dilu- 
tion 

Complete in 1 tiZlO dilu- 
tion 

Xot done 

AeufeW teffp | 


Sliglit “Quellung” 

Sliglit ‘'Qucllung’’ 

Jlicrofcopic precipitin 
te.U.s 

Unsatisfactory- 

Unsatisfactory 

Unsatisfactory 

ilonfe protection tests 

Protection against as 
mueli as 10 million 
L.T). 

Protection against as 
mueli as 1 million 
L.D. 

Protci-tion against as 
mueli as 1 million 

L.T). 


mscirssiox 


The agglutination and mouse protection titers of sera from rahbit.s injected 
twelve times on consecutive days witb lysate antigen compared favorably with 
that of sera from rabbits given a heat-killed antigen either a.s 18 injections over 
twelve Aveeks or 12 injections on as many days. Four lysate immunized animals 
"are lower titers than any of those immunized with heat -killed antigen. In 
a couple of instances lower titers Avere obtained in animals immunized AAUth heat- 
kiiled antigen than Avere obtained in those giving best results AA-ith lysed antigen. 
Animals immunized AAuth filtrate from lysed cultirres produced as high titer 
serum as those injected AAuth lysate not filtered. 

The specificity of antisenun produced in rabbits by injecting sodium desoxj-- 
e lolate-lysed antigen is nearly equal, in these experiments, to that of antiserum 
piodueed in rabbits with heat -killed antigens. 


Xo apparent systemic harm Avas done to the rabbits by the sodium desoxy- 
c 10 ate. Local necrosis and edema oecuiTed Avhen the .sodium desoxycholate 
"111 igens entered directly into the ti.s.sue.s of the I'abliit. 


coxcnusioxs 


hv immunized Avith lysate, filtered or not. freshlv prepared 

- treating young virulent cultures of tA-pc I pneumococci Avith sodiiufi d^oxv- 
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cholate, gave specific mouse protection and showed some ability to cause ag- 
glutination and “Quellung” in specific lATJe sera but gave no group reaction. 

2. The sodium desoxycholatc-lysed pneumococci produced, in a sliort time, 
in rabbits, antisera of liigh titer and possc.ssing type specificity. 
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THE CYTOLOGY OF THE POLYJrORPHONUCLEAR LEUCOCYTE IN 

TOXIC CONDITIONS® 


Eric Ponder, !M.D., D.Sc., and Ruth van Olinda Ponder, B.A. 

SIlNEOLA, L. I. 


F rom time to time it has been suggested that valuable information can be 
obtained by considering the detailed cj-tology of the Avhite blood cells in 
infective states, altogether apart from that given by the form of the poljmoiph 
nuclei, which is tlie basis of the Ai-netli count, the polynuclear count, and their 
modifications. More specifically, many observers from the time of Bodidn (1S92) 
and Ewing (1901) have been impressed by the degenerative changes in the poly- 
morphs seen in seA^ere toxemias, and Strumia (1936) has classified the de- 
generated cells into those shoiA'ing "‘toxic granules” ( Cesaris-Demil, 190S), those 
with clumped granules and vacuolation, and those showing “coagulation 
necrosis,” edema, and nuclear rupture. Taking these cjdologieal appearances 
along uuth the “nonfilamented count” (a simplified poljTiuclear count, the non- 
filamented cells being equivalent to cells of Class I) Amidon (1939) has tried to 
relate the changes in white blood cell e 3 i;ologj’ to the clinical course in toxic states 
(appendicitis, pneumonia, etc.), but is not enthusiastic about the practicability 
of the procedure, nor certain of the significance of the results. 

No one who examines large numbers of properly stained blood films for the 
purpose of making routine differential or polynuclear comits can fail to he im- 
pressed by the A'^ariations in white blood cell cjdologj' AAdiicli present themselves, 
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Imt tl\c difucuUy is to express wlial one sees in such a way ns to give the various 
cytological appearances (toxic granulation, vacuolation, etc.) their proper 
weight, so that the final result is in some way related to the clinical .state of the 
patient. an example of the diflicully, one soon finds that it is quilo unsatis- 
factorj" to give the percentage numher of cells with toxic granidations as opposed 
to the numher without them, for the division is not sufficiently distinct, ajid the 
cells with toxic granules vary greatly with respect to the degree of granulation. 
Similarly, an enumeration of degenerated, as opposed to undegenerated, cells 
does not allow for the fact that there arc many degrees of degeneration. Still 
further difficulty results when one con.siders two attributes, such as toxic gran- 
ulation and degeneracy, together, for a degenerate cell may or may not have 
toxic granules; such attempts at an all-or-none classification only lead to 
Amidon’s conclusion that attention to those cytological details is more trouble 
than it is worth. 

These difficulties largely disappear if one gives up trying to enumerate all- 
or-none charactei’istics (percentage of vacuolated cells, percentage of cells with 
toxic granules, etc.), and substitutes an e.stimatc of the extent to which each 
abnormal attribute (vacuolation, toxic granulation, etc.) appears in the average 
cell, describing the extent by plus signs or numbers, and forming an impression 
of the "average cell” while examining the film for other purposes, e.g., while 
making a differential count or poljTiuelear count.® This report is concerned with 
the results of appljing this method to several thousand blood films over about 
a year’s time, during which the method was being tested for its practicability. 


ST.\IKIXG JtETHODS 


1. Preparation of glassware. New, or at least unetched, slides are washed 
in a strong solution of Gold Dust for hours or even days, and are rinsed thor- 
oughly and individually in hot running water. They are then dipped in 95 per 
cent alcohol, wiped drj' with a clean towel, and stored in covered boxes. Cover 
slips are cleaned in the same way. One should not use cleaning solution or acid 
alcohol, because anomalies in the staining reaction follow. 

2. Staining. Films are made in the usual way from fresh blood, and with 
properly cleaned slides it is easy to prepare thin and even films. Heparinized 
blood can be used if fresh, but oxalated blood should not be used. The film is 
allowed to dry in air, and is fixed for five minutes in methyl alcohol in a Coplin 
Jar. The methyl alcohol must be "absolute, acetone free,” and should he fre- 
quently replaced ; if this is not done, anomalies in staining result. The fixed film 
is dried again in air before the application of the stain. Giemsa blood stain, 
stock s olution, is diluted 1 :10 with distilled water, the dilution being made just 


Si to niustrjUe toxic neutrophiles in their At7a.f of HematoXogy, Xos. 

the Presenrp nf three ^-tologicat changes In toxic conUitions: basophilia of cytoplasm, 

io iSwXs anfl 9% Presence of toxic granules. These they grade from one plus 

factors n-ere death occurred in 100 consecutive cases in v,-hich two of these 

Paper three 2 the sj'stem of grading described in this 

will be notfeed s^^ous prognostic signiflcance than on theirs, it 

because thirfeatnrp^Vp ^'stem does not include a groding of the feature "pyknotic nuclei ” 
Worth usa* Thpi- ppJ;- obsen.-ed with W right’s stain, which Osgood and Ash- 

either the^st^ rpii Evaluation of toxic changes is more reliable in prognosis than 

ihese crttPTip ^’’® neutrophUes to total polymorphs, but the u4 of all 

Ing toxic Rosenthal and Sutra count the percentage of polymornhs “how 

refulte the re^lt as the 'degeneratire index’ tVe h^ iSd bettw 

one Plus t^fouf^oiop .‘oxic changes, ^d it Is simpler to report these on T scale of 

Perlence. ” h'us as one is doing the differential count” This corresponds to our“ex- 
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l)cfoi’C llio sliiiii is to 1)0 used ; buft'ei-iii^ is uniieeessary if the water is frcslily dis- 
tilled. The slide, placed fihn-side tij) on a stainin'r rack, is flooded with the 
diluted stain. The duration of staining is most impoi'tant, and should he neither 
more nor less than thirty minutes, at the end of which time the film is rinsed 
with runnin" distilled water for fifteen seconds, flooded with distilled water for 
thirty .second.s, and finally tipped up on end to dry in air. The hack of the slide 
is polished while it is still .wet, and the examination of the cells is carried out 
with an oil-immei'sion objective in the usual way on the unmounted film. The 
slighfe.st variation from this standard i)rocedure will result in chan<re.s in the 
staining reaction, and, as a control on the staijiiiig method, one may use a film 
of one’s oum blood. 


OKADINO OF CVTOI.OOICAI. EEATlTtE-S 

One hundred polymor])hs are e.xamined, as in the making of a polynuclear 
count, which, indeed, is done on every film, as described by Cooke and Ponder 
(1928). As each polymnri)h is seen, it is carefully e.xamined and mentally 
classified as regards four features other than nueleai- configuration : (1) whether 
the cytopla.smic granules are large, separated, and deei)ly .staining, metachromatic 
or azurophile (“toxic granulation”) ; (2) whetlun- the cell outline is .sharp and 
circular, or irregular and pre.senting p.seudoiiods (“ameboid’’); (3) whether 
the cytopla-sm of the cell is vacuolated (“vaeuolation”) : and (4) whether the 
nucleus shows pyknotic areas (“pylcnotic nuclei"). After such a survey tiie 
observer will be able to form au oi)inion of the cytology of the average cell with 
respect to four features; toxic granulation, ameboid, vaeuolation, and pyknotic 
nuclei. Pic will be able to give a .somewhat arbitr.aiy gi-ade to each of the.sc 
feature.s, from one plus to four ])lu.s, and it is a matter of experience that he 
can do so with a surprising degree of certainty. 

All sorts of elaborate schemes could be devised foi- exj)re.ssing the I’csults of 
the survey, but we have found it sulTicicnt to denote the occurrence of each ab- 
normal feature by a plus sign (from one plus to four plus), and to add the 
number of plus signs togethei-, averaging the numbci- of ])lus signs for the 
features “ameboid” and “vacuolated." The result of thesui-vey is thcji repre- 
sented by a figure which varies from 0 to 12, the value 0 meaning that all the 
abnormal cytological features arc absent, and the value 12 meaning that they arc 
each present to a maximal extent. For example, if a film shows; 

Toxic granulaHon + -f + 

Ameboid -i- 

Vacuol.ation + 

Pyknotic nuclei 

it is described as a film of grade 6. Again, if a film shows the following features: 

Toxic gramilation,-: +-t + + 

Aineboid + + 

Vaeuolation + + -t + 

Pyknotic nuclei + + 

it is described as a film of grade 9. A normal film is obviously one of grade 0. 
This method of grading the films may seem rough and arbitrary, but, neverthe- 
less, it expresses the results of the cytological survey in a remarkably satisfac- 
tory way. 



I’ONDKIM'ONDKI! : 


cvTOi.oiiY or i>oi,Y.MOiti’iioNr(’ij;.\if i.rrcocYTi; 


SU'iNII'K’ANfi; OI' Tlir. (’YTOI.OCU'AI. (OIANOr.S 

Coiisi(U'riil)l(‘ exiHM-irncc in i.'rjnlini' p(iIynion>lis Inis lirouirht onl :i nunilifi- 
of points whioli IniYo ii licariinj on tlio si^nificanci- of llio cytolo^rical olianocs. 

1. The elianpes are not of an all-or-noiie nature, some cells sliowinjz them 
and some not. Tliev affect all the cells, although some mor(‘ than othei’.s, and 
this results in the information piYim hy the "rade lieiii" very diflereiit irom that 
"iven hy the ]>olymielear eonnt. Tin* tiixures tor the various classes ot tin* Jioly- 
nuelear count iiive the ]iro])ortion of yonne: cells {(Mass I ) to older cells (Classes 
II, III. IV, and V, in order of inereasin<i ai:e), and a left-handed defleetion 
shows that there has heen either an inei'eased jiroduetion of youn^ ecdls as a 
result of marrow stimulation, or an increased dc*slrnetion ol the older cells, or a 
combination of the two. This corresponds, by analo'ry with what oeeui’s in a 
population, to an increased birth imte, an inerea.sed death rate in the older 
ela.sses, or to a combination of both, and is a ehaniie which is eharaeteristie of the 
population as a whole rather than of any one member in it. The frrade, on the 
other hand, is an expression of the avera*re state of the cell, not as rcfiards a"e. 
hut as regards eytological ajpiearanee and the jiroeesses which determine it at 
the moment; to extend the analogy, this would roughly correspond to the avci'age 
nutrition of the individuals of the ijojudation. V’hereas a change in the poly- 
nuclear count expresses a disturbance of the ])rod>tet ion-destruction steady state, 
a change in the grade seems to be evidenee of an alteration in the viiliru in 
which the cells circulate, and this iiroduccs substantially the same changes in all 
the cells simultaneously. An excellent example of this can be seen in eases 
Avhere films are made within a few houi's of an aceidoit resulting in extensive 
tissue damage; e.g., compound fracture of femora, two hours after accident: 
29,700 leucocytes per cubic millimeter, 81 per cent polymorphs, polynuclear 
mean, 1.41, grade 6.® The cells of all the polynuclear cla.sse.s, from I to V, and 
even polycAies if they are present, show the changes in cytology*, although the 
large number of cells of Class I are young cells .jiisl liberated from the marroAv, 
while the cells of the higher ela.sses must have been normal inhabitants of the 
blood .stream at the time of the accident. Perhaps the best of all instances of 
the rapid development of pyknotic nuclei in the pol.\Tnorph.s of all the pol.A*- 
nuclear classes is to be found in the guinea pig after the in.jection of nucleic acid 
(Curphey and Ponder, 1941) ; the mnltilobulated pol.vmorphs (as high as Cla.ss 
X) all develop pyknotic nuclei within an hour of the subcutaneous in.ieetion of 
1 mg. of nucleic acid per kilogram, and regain their normal appearance from 
four to eight hours later. 

2. Deflections of the polynuclear count without anj-thing more than the 
most trifling change in the grade (e.g., from 0 to 1, or from 1 to 2) occur after 
inhalation anesthe.sia (ether, ethylene, etc.) and can be discounted. 

3. 'While a left-handed deflection of the pol.A-nuclear count is an excellent 
measure of the severity of an acute infection, and while a subsequent right- 

anded shift is a reliable indication of recovery, it is Avell recognized that the 
count tends to become stabilized at a Ioav figure (usually 1.2 to 1 . 5 ) in chronic 
m^^ons or in toxic states of long duration. Under these circumstances the 

Plicatejni'v U® contrasted with one of hemorrhage from the radial artei-i- 

■norphs. polynuclear mean 12^^^ leucocytes per cubic millimeter. 90 per cent poly- 
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fixed polyimcleaT count does not reflect small ehanges in the severity o£ the 
toxemia, and the grade is a far more sensitive measure of variations in the toxic 
state. Changes in the grade frojn da}' to day are of great prognostic value, es- 
pecially if there is a definite trend, and although these ehanges arc ultimately 
followed by corrc.sponding shifts in the pol}muclcar count, the}' constitute the 
Ijctter guide to progress and indication of the outcome (cf. footnote,® page 317). 

4. The various eytological featiu'cs do not always undergo alteration si- 
multaneously. Tiic a]ipcarance of vacuoles, however, is so constantly accom- 
panied by an ameboid coll outline that the abnormal properties “vacuolation” 
and “ameboid" can be considered as two manifestations of the same underlying 
change, and each given only half the weight of an abnormal attrilmte in de- 
termining tlie grade. “Pyknolic nuclei" often occur without any other ab- 
normal eytological featiire being ])rescnt, and ahnast invariably do so when the 
patient becomes cither dehydrated or acidotic. 

5, There are certain artifacts which may lead to misinterpretations if un- 
recognized. The most important of these are the artifacts introduced by varia- 
tions in the staining method, and it cannot be too strongly emphasized that the 
system of grading described here is entirely dependent on the staining methods 
being carried out without modification. The most frequently occurring arti- 
facts are the following: (a) On improperly cleaned slides, and particularly on 
slides cleaned with acid, cleaning solution, and acid alcohol, the cytoplasm ap- 
pears pink and tlie nuclei show pylniotic areas, (b) Methyl alcohol which is 
not fresh produces the same artifacts as are seen on slides cleaned with acid 
solutions, (c) Films made from blood kept for some houis in the refrigerator 
are likely to show cells which arc vacuolated and ameboid, (d) Films made from 
oxalated blood show shrunken white blood cells, the cytology of which is very 
different from that of cells from fresh or lieparinized blood, (e) Cells in films 
from patients who have been treated with sulfonamide drugs, and particularly 
sulfanilamide, are ameboid and vacuolated. 

CLINICAL ILLUSTRATIONS 

Tables I, II, and III illustrate the rc.sulls of using this method of grading. 

Table I shows the total white blood cell count, the polymorphs percentage, 
the poljTiuclear count mean, and the grade in patients ivho showed no signs of 
toxemia clinically. I have used the preoperative figures for 12 consecutive 
cases in which partial gastrectomy or colectomy was performed, since these pro- 
vide a good illustration of ivhat is found in surgical cases without toxic man- 
ifestations. Inspection of Table I shows that the grade, rather than the total 
white cell count, the poljTnorph percentage, or the mean of the polynuclear 
count, is the reliable indication of the absence of toxemia. 

Table II gives the same data in 12 cases in which there were clinical signs 
of severe toxemia. Again it will be apparent that the grade is a better indica- 
tion of the toxic condition than the total white blood cell count, the poI}Tnorph 
percentage, or the poljoiuclear count. 

Table III shows the values for the grade in a series of miscellaneous toxic 
conditions (corresponding roughly to Amidon’s Table IV). By ‘fii’st observa- 
tion" is meant the observation on admission or at the time of the acute episode. 



roNDKit-roNDr.i! : oytoi-ohy or roLYMOuriioNMici-rAis i-kijcocyti; 


.'521 


Taiii-k I 



T(>TA1, COUNT 
>: 10-T 

I’OLY.MOKl’H.S 

Cc 

polynucleap. 

JtKAX* 

OKAKK 

Carcinoma of cecum 

ii.i;- 

i;9 

2.21 

0 

Carcinoma of rectum 

9.:: 1 

51 

2.20 

0 

Stenosing gastric ulcer 

■1.7 • 

42 

2.10 

1 

Stenosing gastric ulcer 

7.1 ■ 

79 


0 

Stenosing gastric ulcer 


58 


0 

Carcinoma of sigmoid 

0.1 

74 


n 

Stenosing gastric ulcer 

S.-l ' 

04 

1.7.J 

1 

Stenosing gastric ulcer 

10.2 • 

00 

1.00 

1 

Carcinoma of sigmoid 

7.7 ♦ 

05 

1.00 

1 

Endometriosis of cecum 

14.:: > 

70 

1.04 

2 

Carcinoma of hepatic flexure 

5.9 ' 

01 

1.39 

n 

•j 

Carcinoma of pylorus 

11.1 • 

S2 

1.30 

2 


By tlie poI}nuclc-ar mean Is meant the averafte number of lobes per polymorph. It l.s 
computed In a count of 100 polymonihs hy multlplylnjt tlie number of cells with one lobe to 
the nucleus by 1, the number with two lobes hy 2, the number with three lobes by 3. the 
1 1 by 4, anil the number with five or more lobes by .0 ; the fitnires are 

tOBether and divided by 100. The resulting llKure expresses In a Bcneral sort of way, 
what Is expressed by writlnc out the flpures for the count In extenso. The normal r)OlynucIcar 
ranges from 2.3 to 2.7 ; means less than this correspond to “left-handed deflections,’’ 
and the most extreme deflection (100 cells of Class I) corresponds to a mean of 1.0 


T.VBI.E II 



TfrrAIi COUNT 

X 10-3 

polymoephs 

% 

poLYXL’ci.r..vi; 

ilEAX 

GRADE 

ioxemia of pregnancy 
^Pelvic inflammatorj- disease 
’Snbacute endocarditis 
’Snbphrenic abscess 

Diffuse peritonitis 

Tuboovarian abscess 

Acute pancreatitis 

Rectovesical fistula 
^Diverticulitis 

Appendicitis, peritonitis 
.Gangrene of ileum 

Retroperitoneal hemorrhage; rup- 
tured bladder; pneumonia 

7.0 

-S.5 

1/3.9 

v20.2 

-^17.4 

.29.4 

V 30.0 
./1 0.4 
•'20.1 
./ 27.5 
./ 5.9 
, 8.2 

00 

00 

81 

80 

93 

87 

83 

78 

08 

59 

79 

89 

2.49 

I 2.24 

1.77 

1.74 

1.71 

1.00 

1.40 

1.44 

1.34 

1.31 

1.20 

1.10 

10 

7 

9 

8 

9 

8 

9 

7 

11 

10 

10 

i 

•uied. 


Table IH 


bite, both feet. Demarcation with lo.ss of toe.s under' 
treatment. Uneventful recoverv 
Perinpiib^'f"'^ hemothorax. Uneventful recoverv- 

Volvulao .^bscess. Drainage. Uneventful recovery 

valMcence'^'*™’ "'‘^b ileostomy. Slow con- 

Incompletea^aboi|on.v^Pelvic thrombophlebitis following 

J^ephroHthtl'iia”'''^ with peritoniti.s. Uneventful recoverv’ 
collapse of Opetation followed by pneumothorax and 
Ganm-enon’f pneumonitis. Recovered 

Intestinal ob?tm”t’^ peritonitis. Died on fourth dav 
lowed ti'ie to adhesions. Operation foi- 

Multiple pneumonia. Died 

Digjj tures; retroperitoneal hemorrhage j anuria, 
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and l)y “final observation” is meant the observation at tlie time of discharge 
or deatli. Tlie interval in days is the interval between the two observations, but 
it ought to be jiointod out tliat in acina! practice observations are made daily, 
and sometimes more frequently. Table 111 illu.strates the fact that an improve- 
ment in the grade corres])onds to a good prognosis, wliilc the abnormal eyto- 
logieal features become more prominent as the clinical condition becomes worse. 
This conclusion is borne out by an experience which now exlimds to an examina- 
tion of several thousand blood films.'' 


CONCnUSIONS 

1. In toxic conditions the jiolymorphs show a number of cytological changes, 
the princijml ones observed with (iiemsa stain being toxic granules, an ameboid 
outline, cytoplasmic vacuoles, and pyknotic areas in the nucleus. A simple 
method is described for grading the cells of a film according to the degree to 
which each of the.se abnormal appearances is develoiied, the grade varying from 
0 for normal c(‘lls to 12 for the jndymorphs .seen in extremely toxic conditions. 

2. The grade assigned by tiiis method closely refii'cts the clinical condition 
of the patient, much more so than the total while blood cell count, the poly- 
morph percentage, the “degenerative index" (which it reiilaces), or even the 
polynuclear count. Changes in the grade taken together with changes in the 
polymielear coiuit are of real jirognostic value. 
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•Amidon (1939) remarks that the information pained from various hematolopical meth- 
ods of examination must be balanced against the time, effort, and equipment required, ano 
concludes tliat the determination of the depenerative index, in particular, is 
because it requires a degree of training and technical skill not to be expected of tlie a\ei age 
hospital technician. In our experience there is no greater difnculty m grading 
cells than there is in doing a differential white blood cell count on 

a polynuclear count. Even the beginner is not likely to liave much difficulty if lie once realizes 
that it is essential to standardize tlie staining method. 



IS TIIH MAINTAIXIOI) SHDI.MKNTATION HATH SI’H(HFI(J 
HOH ^lAlilHNANCY?^ 


Jui-h;h .1. JIkktz, and .Skymoidj II. Hinzm:i!, JI.I3. 
Nkw Yoijk, N, Y, 


With tiik Tkchnical Assista.nci; ok IIki.k.n Bkun.stkin 


I N 1937 Kostor' drcM’ attention to the fa(;t that tlie sedinientation I'ate of 
crythi'ocytcs in stored eitrated blood is snb.ie(M to ehanfjes; that is, that over 
a twenty-foni'-hour period tlie l)lood sedimentation I'ate sliows a tendency to 
deci'casc. Ifowevcr. in certain specimens f>f blood the sedimentation rate re- 
mains the same throuf,diont the twenty-fonr-bonr ]>eriod, for example, in mal- 
i^rnant tumors and llodt'kin’s disease. This ob.servation vas found to be cor- 
rect in 9o per cent of 112 cases of malijinant tumors and 14 cases of llod'rkin’s 
disease. In 300 normals and 400 nonmalijinant cases the rate was found to 
decrease steadily over a twenty-four-hour period (Table 1 ). In 1940 Feldmair’ 
repeated Roster’s work. Tlis study consisted of 170 cases, of which 118 were 
proved malignancies and 55 were pathologic conditions other than malignancy. 
The percentage of positive results in the malignant eases was 95.7 per cent, 
and of negative results was 94.0 per cent in the noinnalignant ease.s. The 
methods of Roster and Feldman differed only in that the former used a Wester- 
gren tube and the latter used a "NVintrobe tube in determining the sedimenta- 
tion rate. 

T.vnt.K T (After Koster) 


SEDIMEXTATIOX HATE | 

DIliEfT 1 

1 m:. 1 

2 IIK. 

nr.. 

4 HP.. 

loom 

0 IIP.. 

24 HI!. 


H 

Hi 

Kii 

17 

17 

19 

20 

171 

L'l(;erativc colitis ' 

(negative test) 

■ 

m 

25 

20 

22 1 

1 

] 

10 

1 

14 

O 


The importance of further confirmation of such a relatively simple labora- 
tory procedure seemed to us obvious. 


JIKTHOD 


()ur teehnifiue was essentially the same as described by Feldman. Two 
cubic centimeters of 3.8 per cent sodium citrate were placed in a dry 10 c.e. 
syringe and 8 e.c. of venous blood were drawn up. This mixture was used as 
the pooled .specimen with which sedimentation rates were done directly and 
after one, two, three, four, and twenty-four hours. Roster and T’cldman did 
rates for six hours the fir.st day. We found that after four hours the tendency 
o t ic curve was established. The blood was thoroughlj^ .shaken before each 


if/"?’ V’’’ “"'l Sursical Sci-vico.s of Ecth I.sr.-iel Hospit-il 

iioccivcd for public.ition, June- 21. 19(2. 


Xew York City. 
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new sedimentation rate was done so that the colls which had settled ont could 
be thoroughly mixed with the serum. The tubes were read exactly one horn- 
after filling. Wintrobe sedimentation tubes and a Wintrobe raek were used. 
Both the tube and pipettes were carefully cleaned and dried with alcohol and 
ether before use. The pooled specimen was placed in a refrigerator overnight, 
and the next day the temperature of the .specimen was allowed to return to 
room temperature before the twenty-four-hour rnie was done. Duplicate tests 
showed no greater variation than 2 to 3 mm. in the comparison of hourly sedi- 
mentation rates (Table II). 

TAnr.K II 


SEDIMENTA- 
TION BATE 

BinECT 

1 mt. 

2 nn. 

^ ini. 

•1 nr.. 

2-1 HR. 


13 

12 

7 1 

7 

f. 

4 


11 

10 

8 1 

8 

7 

4 


According to Koster, the criteria for a positive lest (malignancy) are as 
follows (Table III) : 

Table 111 (After Kosicr) 


SEDIMENTA- 
TION RATE I 

DltiECT 

1 nn. 

2 nn. 

3 nn. 1 

4 nr.. 

5 HR. 

C nr.. 

24 HR. 















B^l 






■H 



■B 

IBIH 

BUB 

■■ 


Type 1: The rate of sedimentation remains at the same level throughout 
the twenty-four hours, or it does not vary to more than 20 per cent of the 
initial value. 

Type 2: The rate of sedimentation markedly increases above the initial 
value in the course of the estimation and does not decrease to bclou' the initial 
value. 

Type 3 : After haring risen to above the initial value, the rate of sedimen- 
tation again decreases gradually, often to far below the initial value. 


AIATEKI^VL 

The patients were selected from the adult medical and surgical wards of 
Beth Israel Hospital and from our inivate practice. All diagnoses of malig- 
nancy were eonfii-med either by roentgenogram, biop.sj-^, surgery, or necropsy. 
In the majority of instances the eases were taken as consecutive admissions. 
In all, there were 100 patients of whom 33 had proved malignancies. 

RESULTS 

Our percentage accuracy for diagnosing malignancies was 54 per cent 
(Table IV) as compared witii Koster ’s 95 per cent and Feldman’s 95.7 per cent 
(Table V). Our percentage accuracy in nonmalignant cases was 72 per cent as 
compared with Koster ’s 100 per cent and Feldman’s 94.6 per cent. Sedimenta- 
tion tests were repeated on the majority of our false negatives tAvo or more 
times. 

DISCUSSION 

Our results obviously do not agree rvith those of either Koster or Feldman. 
In our series of malignant cases about one-half gaA^e false negatives. False 
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negatives luay be attributed to heiuolysis o£ the spcciineii, insuffieioiil shaking^ 
before caeb sediiucntation rate so tliat the cells and scrinn are not thoroughly 
mixed, or not allowing the twenty-four-hour s'pcciinen to come to room tem- 
perature after removing it from the refrigerator. All of these make for a 
slower sedimentation rate and, therefore, tend toward the negative curve. 
These pitfalls were carefully avoided, as .shown by the fact that ten patients 
on whom tests were done at the same time from specimens taken bj’ two in- 
jections showed no more than 2 to 3 mm. variation in the hourly specimens 
(Table II). 

Tajii.k IV 




WITH rosmvF. 

WITH .VEOATIVr. 

I'ERCEKTAGE 


TOTAT, XO. 

Sr.lUMKKTATIOX 

KATK 

KPritllirKTATION' 

HATK 

ACCURACY 

Proved malignancies 

•>») 

18 

lu 

54 

Konmalignant 

07 

49 

18 

72 


TABi.r. V 



% POSITIVE 

% XEG.vnVE 

Koster 

95 

100 

Feldman 

95.7 

94.C 

Hertz and Rinzler 

54 

72 


According to Koster and Feldman, false positives may result from the fol- 
lowing drugs: the sulfonamides, potassium iodide, bismuth, salvarsan, amino- 
pyrine. AYe have eliminated from this series any patients who were taking 
any of the sulfonamides. Other drugs taken by our patients include : atropine, 
phenobarbital, thyroid extract, thiamine chloride, caffeine citrate, ammonium 
chloride, amj-tal, cevitamic acid, feosol, and Lugol’s solution. These drugs were 
taken in therapeutic doses by both the true negatives and false positives, both 
groups being nonmalignant. Diagnoses on some of the false positives were: 
chronic diffuse glomerular nephritis (3 tests) ; calculus of the common duct (5 
tests) ; congestive heart failure (2 tests) ; and lupus erjThematosis (2 tests). 

We, therefore, feel that this test is of no value in our experience in accu- 
rately differentiating malignant from nonmalignant disease. 


SUMMARY 

Sedimentation tests done serially according to the methods of Koster and 
Feldman on 33 patients with proved malignancies and 67 patients with patho- 
logic conditions other than malignancy showed 54 per cent positive results in 
the malignant eases and 72 per cent negative results in the nonmalignant cases. 
We must conclude that in our hands the test is not accurate for use in the dif- 
ferential diagnosis between malignant and nonmalignant conditions. 
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.^tOUSE ITOI.DERS PACILITATlXCi IXTRAVEXOUE AXl) 
IXTHAPE]?IT()XEAL IN-l ECTJOXS^ 


l?OY ScnXKlTfiR. AXD Lawhk.vcr R. Cnisi- 


A lthough llip inti’jivoium.s injoclion of Diic'P is n relnlively simple pro- 
cedure, tlie use of lliis rouic of inoculation is often limited because of 
the lack of a satisfactory apparatus for boldine; the animal durin<r injection. 

Very few satisfactory mouse or rat holders have ever been described. 
Bui'don’ described a mouse holder which consists essentially <tf a slitted, illumi- 
nated box on top of which is attached a wiim caire for holding the animal. This 
holder, although it has many desirable features, appears to be somewhat cum- 
bersome, and it is not adjustal)le to tlie length of the aniTiial. 
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FIGURE 


w 

OCTitLS or PISTON 



MATERIAL BRASS 


MOUSE HOLDER 


BM o^TuffC if<r It Mtiu MAccoieivcc «ni v»fo 

Pin 


■ «T tCMflTtP t«P Mr* 

■it Ml or NCiLTM 


The apparatus described in this report was designed for simplicity and 
rapiditj’^ of operation and is adju.stable to the length of the animal. Two t.v'pes 
of holders have been designed (Figs. 1 and 2). The holders illustrated are 
made of bra.ss tubing of suitalde diameter for aeeommodating either large or 
small mice. The tube has a hinged, slotted door at the end or is liinged at the 
long, hoi'izontal axis of the tube to permit the admission of the animal. A 
plunger for adjusting the length of the tube to the length of the animal is pro- 
vided, and the animal is thus immobilized for either injection or bleeding. 
These holders are comiJaet and easy to u.se and may be completely dismantled 
for cleaning and sterilization. AVith very little pimctice, mice may be readilj’ 
induced to enter the holder. 

*From the Division oC Industrial Hygiene, National Institute of Healtli. Ttnited St.nte.s 
Public Health Service, Bethescla, Mel. 
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By a M'loi-tioi'. of Brass tuhinu <»r siiilahlr diaiiu'trr. riflicr ty])c of luildcr 

may he constructed for work willi rals. 

* Each type of liolder has been designed willi a slit to permit intraperitoiieal 
injections. ' A sinude worker witli the aid of these holdei's can readily make 
intravenous or intraperit<nieal injections willioni assistance. 


FIGURE 2 



»«AT IMSTITUTC OF HCALTM 
OlV or INDUSTRIAL MTCJEKC 
drawn BTLACRISRCHtrmSNAKER 
DATtKAT-6'Al 
FOR POT SCMNllTtR 

associate bacteriologist 

Eiagraiumatie sketches of tlic two types of holder.s are given in Figs. 1 
and 2, The e.ssential parts of the holdcr.s are de.scril)ecl ns follows; A. Brass 
tube 5 inches long, li/^ inches outside diameter, and Via inch wall ; B, spring or 
.swinging latches; C, plunger for ad.iusting holder to the length of the mouse; 
B, handle and rod for control of plunger; E, .set screw for loeking plunger I'od 
after adjustment; F, air holes Nos. 30, 40, 44, and 50 drills; G, .slit for intra- 
poritoneal injections; If, slot in end of tube for accommodating tail of animal: 

legs for support of holder; •/, hinges; and K, threaded cap for cleaning the 
end-opening holder. 

In making intravenous injections the holdei’S may be placed on the labora- 
tory table top or mounted in a ring stand. The animal is placed in the holdei-, 
and the plunger is adjusted to re.strict movement. Tail veins may he brought in- 
to .sharp relief by the application of xylol or alcohol. One-fourth, 0..5, or 1 c.c. 
h.vpodemie syringes fitted with 1 inch. No. 26 gauge needles are the most .suit- 
able for intravenous injections. The needle is most ea.sily inserted at an angle 
almost parallel to the tail. "We have fomid 0.25 c.e. is the maximum quantity of 
moeulum which can ordinarily he injected into the tail vein of the average mouse. 

SUMWARY 

1 wo types of holders have been described which facilitate the intravenous 
and intraperitoiieal injection of mice and rats. These holders permit the utili- 
r-atioii of these techniques by the individual worker, thus increasing the poten- 
tial Usefubie.ss of these laboratory animals. 

KEFEREXCE 

’■ Imravenous Inoculations, .T. Lab. 



SPUTUM CONCENTRATION FOR THE CULTURE OF 
TUBERCLE BACILLUS* 


AI. Gkrukdo, jM.D., Topkka, Kax. 


D irect cultivation of tubercle bacillus has not yet become a routine pro- 
cedure beeaxjse of drawbacks in tlie manipulations and concentration of 
sputum. 

The most widely used method is perhaps that with sulfuric acid. The 
sputum is mixed with equal amounts of 15 ]wr cent sulfuric acid and then, is 
washed and centrifuged. 

This method, however, lias some drawbaclcs because it fails usually with 
dense and viscous sputa, containing large amounts of mucus and albumin. Large 
flakes of mucus escape contact with the sulfuric acid and Anally cause contamina- 
tions of the cultures. 

To obviate this difficulty, I have found the following method more .satisfac- 
toiy and also more reliable, bccau.se it produces a complete fluidification of the 
sputum, thus lessening the danger of contaminations. 

The formula I use is a modified Jousset’s liquid for inoscopy : 


Pepsin 

Glycerin 

Hj'droehloric acid 
Sodium fluoride 
Distilled water 


1 Gm. 
10 c.c. 
15 c.c. 

1 Gm. 
3,000 c.c. 


Mix equal volumes of sputum and solution and leave the mixture for four 
hours in the incubator at 37° C., shaking occasionally to facilitate homogeniza- 
tion. 

At the end of this period centrifuge, wash with sterile saline several times 
to remove the acid, and make cultures with the sediment upon Petragnani’s or 
Loewenstein’s media, or prepare for microscopic e.xamination. 

The results are definitelj^ superior to the sulfuric acid method. The culture 
method is preferable to animal inoculation, because it is less expensive, more 
reliable, and more rapid. 

This method can be applied .satisfactorily also to urine containing blood or 
albumin. 


♦From the Topeka State Hospital. 
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CHEMICAL 


THE NATURE OP THE BLOOD IODINE AND ITS DETER:M1NATI0N’' 


Solomon Sii.vf.k, JI.D., Nkw York, N. . 


HISTORICAL ASPECTS 

S INCE the modest six-page contribution by Courtois' in 1813 in which he 
announced “the discovcrj* of a new substance in seaweed,” the study of 
iodine and its place in animal physiology has assumed ever-increasing interest 
and importance. In 1900 Glcy and Bourcet* established the presence of iodine 
in the circulating blood and published figures that agree very closely Muth 
those accepted as normal today. The extent of these studies was limited by 
the fact that they required a liter of blood to complete a single analysis. In 
1920 KendalP reported values of about 13 gammas per 100 c.c. for whole blood 
in a small series. The first series of any size and the first values attempting 
to correlate the blood iodine level with clinical disorders of the thyroid gland 
was published by Veil and Sturm^ in 1925. They reported values of 13 to 17 
gammas per 100 c.c. as normal, and they found the blood iodine level to be 
increased in Graves’ disease where their values varied from 21 to 70 gammas 
per 100 c.c. Veil and Sturm extended von Fellenberg’s concept, which was 
widely and perhaps uncritically accepted, that the iodine in the blood existed 
in at least two forms. One form, which they called “organic,” was insoluble 
in cold alcohol, and another, soluble in cold alcohol, they called “inorganic.” 
In normal blood they found an average of 9 gammas per 100 c.c. “inorganic” 
and 5 gammas per 100 c.c. “organic” iodine. In Graves’ disease they found 
that the increase was almost entirely in the “organic” fraction. In 1929 
Lunde, Gloss, and Pedersen® ob,1ected to the use of cold alcohol to separate the 
two forms of the blood iodine because, as they said, the “inorganic” compo- 
nent could never be extracted completely Avith cold alcohol and that further 
washings always contained iodine. They, therefore, proposed the use of hot 
alcohol in a Soxhlet apparatus using four volumes of alcohol to one volume 
of blood and extracting once for four hours. By this method the authors 
greatly increased the alcohol soluble or “inorganic” fraction so that normally 
they foimd from 7 to 12 gammas per 100 c.c. as “inorganic” and only 1 to 4 
gammas per 100 c.c. as “organic” or remaining in the residue. Ultrafiltration 
Mas used as a means of separating the organic and inorganic fractions by 
LeiperP in 1937 and TreA'orrow" in 1939, but their results are in conflict. The 
ormer found that from 70 to 90 per cent of the serum iodine rvas ultrafiltrable, 
wherea s the latter formd that absolutely no iodine passed through the ultra- 

Hospien Medical Een,-ice of Dr. Eli Moschcowitz, Mount Sinai 
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filter. jMore recently, Salter'* has rc.sorled to protein precipitation hy heat and 
dilute acid and ditTerentiates botn-oen the iodine fixed to the coatrulum and 
that wliich can be recoveiTd in the filtrate, lie refer.s to the former as “pro- 
tein” iodine and to the latter a.s “inorR-anic.” lie adinit.s, however, that Iii.s 
cannot be used if iodide.s have been adiuiiiisfered and tliat his method gives 
false values for the “]n'otein iodine” fraction if iodide is added to plasma 
in vitro. It i.s obvious that methods ivltieh fail to eliminate ingested iodide 
have markedly restricted application. 

The purpose of this stiuly is to demonstrate the absence of true inorganic 
iodine in normal blood and to .show that all the normally occurring iodine is 
bound to the plasma ])roteins. In addition, a method (dialysis) is presented 
wliieh permits the determination of “jirotein bound” or nondialyzable iodine 
in the presenee of inorganic iodine. 


MirniODS 

The aualy.ses were carried out l)y the ilattliews" modification of flic Leipert 
method with the following minor variations; 

1. The final oxidation to iodate was carried out in a small volume, using 
bromine vapor after the solution had been rendered just acid to methyl orange 
with phos])horic acid. Ifromine was removed by boiling. 

2. N/1.000 thiosulfate was u.sed instead of X/o.OOO. 

3. Sulfite was not u.sed in the receiver. 

This method i.s accurate to 5 per cent in the range of these experiments 
and recoveries of added iodine eom])ound.s are complete. 

Duplicate determinatious were done in every ease. If the results did not 
cheek, new sets of duplicate determinations were .set up. 

The blank for the method is le.ss than 0.0.5 gamma iodine ]5er determination. 

Dialyses were carried out in cellophane casings made by the Visking Com- 
pany, and the dui-ation of each dialysis was seventy-two hours in running 
water. Tap water can be used for dialysis if suitable eoj'reetion is made for 
the iodine content of the water which enters the sac during dialysi.s. 


EXPERIMKNTAl. 

The entire cpiestion of ‘‘organic” and “inorganic” iodine in normal blood 
was reopened by Trevorrow, who reported that she could extract all the iodine 
in normal blood by ethyl alcohol. If this is true, it is obvious that there can 
be no di.stinetion between “inorganic” and “organic” fi-aetions based upon 
alcohol solubility. We have been able to eonfii'm her studies and have found 
that all the blood iodine can lie extracted with eithei- hot or cold alcohol, pi‘ 0 - 
vided enough of the solvent i.s used and the extraction is eari'ied on long 
enough. The extractions with cold alcohol were carried out in stoppered 
flasks in a shaking machine, and tho.se with hot alcohol were carried out in 
a flask under a reflux condenser and also in a Soxhlet apparatus adding tlie 
blood to the extraction thimble after the proteins had been precipitated by the 
alcohol. 

Tt is elear from these experiments and the studies of Trevorrow that no 
reliance ean be placed upon .so-ealled “organic” fractions of blood iodine 
based upon alcohol solubility. It i.s probable that individual workers have 



SlIAT.It; N'ATlMir. Ol’ ni.OOl) lODINi; 


p.nl 


Taiii.k 1 

Soi.niii.iTV OF Xoi'.MAi. Hi.oon loniNi; in f'oi.n anh Hoii.ini; Ai.coiioi, 

Inilino (’niilciit of Kcsiiluc (in 

(In all o.xpcrimants .lO c.r. of wlinlo Mond rontainintr l.S patniiia of iodinn uoro cxlractcd with 
400 o.c. of ali’ohnl and oaidi ('Xtrurthm lasted twenty-four hours'i 



roi.T* 

Ai.roiioL 

IWIIMN'fi 

Ai.roiior, 

.sf)xin,F,T 

AFFAKATr.S 

After one ext met inn 

o.s 

0.0 

0.5 

After two cxtraetiniis 

O.-I 

o.n 

0.2 

After three extraetions 

<0.1 

<0.1 

<0.1 


TaI!I.F, 1 1 


Hi.onn loiiiNi: Vai.i'f.s IIffoui; ani> Aitf.i; Diai.ysik 
(In pamina per 1 00 e.e.) 


SOURCE OF ni.oon 

lOniKK COKTKKT 

REFOnE niAT.Y.SIS 
(AVERAOE) 

lOrH.VE CON'TEN'T 

AfTEl: DIALYSIS 
(AVER ARE) 

Sheep's blood 



Lot 1 

3.2 

3.4 

Lot 2 

3.0 

3.0 

Lot .0 

2.0 

2.0 

Lot 4 

2.1 

2.4 

Lot 5 

3.4 

3.0 

Lot C 

1.9 

1.9 

Average 

2.0 

2.0 

Human blood control? 



1 

r‘»,2 

3.0 

2 

3.0 

3.0 

3 

2.0 

2.9 

4 

2.0 

2.1 

0 

2.4 

2.3 

G 

3.0 

3.0 

/ 

4.0 

3.9 

S 

3,5 

3.7 

9 

3.4 

3.4 

10 

4.1 

4.0 

Average 

3.2 

3.1 

Human blood 



Graves’ disease 



1 

8.6 

8.0 


10.2 

10.6 

3 

13.0 

13.0 

4 

12.0 

11.5 

5 

7.5 

7.5 

G 

8.0 

8.1 

/ 

9.7 

10.1 

8 

6.8 

6.4 

- Average 

9.6 

9.4 


T.xble III 


Iodine Content 

OF Washed Bed Blood Cells 

OF PACKED RED BLOOD 
CELLS (C.C.) 

IODINE content IN G.VXtXI.X 
, PEP. 100 C.C. 

5 

10 

15 

<0.1 

<0.1 

<0.1 

<0.1 
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obtained relatively constant fractions because they kept the conditions of their 
extractions constant and, therefore, extracted a fairly constant proportion of 
the total blood iodine. This may also explain the variations in the ratio of 
“inorganic” to “organic” iodine from 3 lo 1, as reiiorted l)y Lunde and Closs' 
(or even 5 to 1) to 2 to 3, as reported by Perkin.’® It is significant that the 
authors who obtained the highest “inorganic” fractions used hot alcohol in 
their extraction procedures. 

It was clear to us that we could not use alcohol as a solvent to obtain sig- 
nificant partition values for the blood iodine or to differentiate between normal 
circulating iodine and ingested iodine. It occurred lo us, as it had to Gley 
and Bourcet forty years ago, that the normally circulating iodine might lie 
bound to protein and, therefore, resi.stant to dialysLs. This proved to be the 
case as is shown in Table II. 

It can be seen from these experiments that all the iodine that circulates 
normally or in Graves’ disease is in a form that resists dialysis and is, there- 
fore, fixed to a large molecule, probably protein. 


TAnim rv 


Dialysis or Whole Human Blood to Which Pota.ssiuji Iodide Has Been Added in Vixno 
(In each e.vpcriment 25 c.c. of whole blood containing O.S gamma of iodine was u.'cd) 


AMOUNT OF POTASSIUSt 
IODIDE ADDED 

(J} 

5 


10 


50 


100 


1,000 


5,000 


■ TOTAL IODINE CONTE.VT 
AFTER 72 HOURS’ DIALYSIS 
(7) 

AVERAOE CHANGE IN 
IODINE CONTENT 

(7) 

0.9 

-0.2 

0.8 


O.S 


0.6 


O.S 

0 

0.7 


O.S 


0.9 


1.0 

-0.2 

0.8 


0.6 


0.7 


O.S 

-0.2 

0.8 


0.7 


0.8 


1.1 

+0.2 

0.7 


0.8 


0.7 


0.7 

0 

O.S 


0.9 


0.8 



DISTRIBUTION OF BLOOD IODINE IN CELLS AND PLASMA 

e 

There is no agreement in the literature regarding the proportion of the nor- 
mally circulating blood iodine that exists in the red blood cells as compared 
with the concentration in the plasma. In 1900 Gley and Bourcet said that the 
red blood cells contained no iodine whatsoever. In 1940 Salter” indicated that 
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lie thought there was as much iodine in the eells as in the idasina; he stated 
that in a euthyroid jierson tlie total hlood iodine was G •raninias per 100 e.c., the 
plasma iodine was G gammas per 100 e.e.. and the iodine contained in tlie red 
hlood cells was also G gammas ]ier 100 e.e. Sneh values imply equal iodine distri- 
bution between plasma and eells when the liematoerit reading is nO per cent. 
Trevorrow stated that ‘‘whole hlood and plasma showed a distrihntion of the 
total iodine in in-oportion to the water content of the plasma and cells.” 
Klassen, Bierhaum, and Curtis’" found that the red hlood t;ells aecmniit for only 
5 per cent of the hlood iodine and even this must he viewed with some reserve 
because the methods used have an error as large as 5 per cent. 

T.vni.n V 

Bl.OOri lODlNT V.M.VFtS 


(Value? cxprc5?c(l in pammn per 100 e.e. ohen one frram of pot.ns.'ium ioditlc is adminipfereJ 
by moutli three times daily for three days to normal adult.s) 


CASE 

COKTROL PEniOD | 

AFTEH IN'OE-STION' OF POTASSIUXI IODIDE 

TOTATi 

RLOOn lORIKE 

N*ON*rHAI.YZ.\BI.K 
iir.oon lomxK 

TOTAI, 

BI.OOD lOniN'E 

I XO.VDIADYZLVBLE 
! BLOOD lODIXE 

1 

4.5 

4.0 

825 

4.0 

0 

4.4 

4.3 

385 

4.0 

i 

3.G 

?..C> 

624 

3.0 

4 

4.3 

4.1 

465 

4.3 

0 

3.S 

3.6 

726 

4.1 

6 

3.4 

3.4 

1,290 

3.4 

Average 


3.8 


3.9 


T.\bi.e \T 

Di.vlvsis of Whole Blood to Which Tiiyroxise l-DnoDori-no-sisE 
(IK Aql'eou.s Solution-) H.u-e Been Added 


TOLEJIE OF BLOOD (C.C.) 

lODIN'E CONTEXT OF ADDED 

THYF.OXINE RENDERED 

TIITP.OXIXE (V) 

KOKDIALYZABLE (%) 

5 

2 

46 

5 

5 

40 

0 

20 

40 

5 

50 

34 

2a 

2 

6S 

25 

5 

60 

25 

20 

48 

25 

50 

40 

VOLUME OF BLOOD (C.C.) 

IODINE CONTENT OF ADDED 

DHODOTYROSINE RENDERED 

DiiODoryp.osixE (-/) 

KOKDIALYZABLE (%) 

5 

2 

17 

5 

5 

12 

5 

20 

8 

5 

50 

5 

25 

2 

35 

25 

5 

28 

25 

20 

17 

— 25 

50 

11 


Our studies u-ith red blood cells washed four times with iodine-free 0.9 
per cent sodium chloride solution reveal only traces of iodine. In our opinion 
e red blood eells are free of any significant quantity of iodine detectable bv 
present methods. This is easily understood because all the blood iodine is hi 
ablv^ ™ ^ nondiffusible form, and the surface of the red blood eells prob 
entWinl^ "" semipermeable membrane, preventing the iodized molecule from 
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It remained for us to demonstrate that ioditle added to I)lood in vitro or 
ingested in vivo could he differentiated fnnn the normally eirenlating blood 
iodine. For this sei)aration the procedure of dialysis again ])roved completely 
satisfactory. 

The representative data in tables demonstrate that the procedure of 
dialysis is a satisfactory answer to the problem of differentiating between nor- 
mally circulating blood iodine and iodine ingested in the foi'in of iodide. 

In the course of these studies it became evident that certain organic 
iodine compounds reacted in a manner very different fi-om the behavior of the 
inorganic salts of iodine. When these compounds were added to whole blood, 
plasma, or other protein solutions, they could not be removed fpiantitatively 
by dialysis, although they are easily dialyzable in arpieous .solution. Apjiar- 
ently new compounds were formed Avith the i)roteins and these compounds 
resisted dialysis. A large series of organic iodine compounds was studied 
using different protein solutions. Tlie quantitative asi)ecl.s of the reaction 
are not simple, but the ]n-oi)oi4ion of the added iodine com])ound rendered non- 
dialyzable varied with the protein, the organically bound iodine compound, 
and the relative amounts of each emj)loyed. 'I'he following substances behaved 
in a qualitatively similar fashion: thyroxine, diiodotyrosino, tetraiodophonol- 
phtbalciu, diodrast. and hippuran. 


SUMMARY 

1. All the normally circulating blood iodine can be extracted with ethyl 
alcohol if proper precautions are taken. The distinction l)ctween organic and 
inorganic blood iodine based upon alcohol solubility is without foundation, and 
significant quantities of “inorganic’' iodine in normal blood exist only as an 
artifact of chemical manipulations. 

2. Practically all the normally circulating blood iodine is in the i)lasma. 
The amount present in washed red blood cells is too low to be determined by 
present methods. 

3. All the normally circulating blood iodine or that circulating in GraA'CS 
disease is in a form Avhieh resists dialysis and is probably bound to protein. 

4. Dialysis removed from the blood all iodine added or ingested in the 
form of iodide and can be used to remove ingested iodide knoAvn to the ob- 
server or unsuspected by him. 

5. Dialjms does not remove completely added or ingested iodine in the 
form of diiodotyrosine or thyroxine. 
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UREA SPOT TEST FOR THE DETECTIOX OF NITROf 

RETEXTrO.V* 


;ex 


Hax.s X'oniJKRT X'aoiax.x, ]Mibtox I^botz, lil.D., F.xV.C.P., 
AND Xatuaxhii, B. Rkich, if.D., Bkookbvx. X, V. 


I X 1922 ^Yeltmatm and BaiTcnschociP called attonlion to the yellow reaction 
of urea with Ehrlich’s para-diincthylaininohcnzaldehyde reagent and .sug- 
gested its use as a simple clinical test for nitrogen retention. This test was 
Teeommended some years later by Hunt." Jn 3934 }^^ttcrson• de.scribed a .spot 
test based on Weltmnnn and Barrcnschcen’s color reaction. The test was per- 
formed by mixing a few drops of blood Acith an Ehrlich reagent eontaining 
trichloroacetic acid in a small tost tube and pouring the mixture on filter paper. 
A yellowish coloration of the moist area around the dark brown protein pre- 
cipitate in the center itidieated a sub.stantial increa-se of blood urea. Krieger 
In 1.934'* confirmed the reliability of the test and introduced color standard.s 
of picric acid on filter paper. However, Ileggic' in 1938. after inve.stigating 
Patterson’s spot test tvith blood specimens of knoAvn urea concentration, ar- 
wed at the eonelusion that the method is inaderptate not only for high eon- 
eentrations, hut also for the most important clinical range of 50 to 100 mg. per 
100 e.e. urea. The potential usefulne.ss of .such a te.st as an emergency bedside 
procedure, if reliable, .stimulated the present investigation and led to a satis- 
factory modification of the original Patterson test. 


We agree with Heggie in concluding that Patterson ’.s urea .spot te.st in its 
original form is not adequate because under the conditions of the te.st even a 
considerable elevation of blood urea cannot be detected tvith any degree of 
accuracy. As long as the spot on the filter paper is .still tvet, it i.s iinpo.ssible 
to see a definite yellow coloration, except perhaps in very high concentrations. 
In the course of drying the yellow color becomes gradually more distinct, but 
so docs the color of the reagent it.self. It is difficult, therefore, to note whether 
t he yd lon- color is due to the urea reaction or to the color of the reagent. 


neceivea for public.'Uion, JIaj- 22. 1942. ' ‘ ^ Greene. 
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From these findings two iinniedialc ol).ieelives of onr investigation were 
clearly indicated: 

1. Inasmuch as the yellow color reaction becomes distinct after drying, a 
method of drying had to be found which woidd give a clear end point. 

2. The error due to the yellow color of the reagent had to be eliminated. 

AIOnilT CATION' OK THE UKEA .SCOT TIST 

1. Drying. Exijeidments .showed that it is not necessary to dry the filter 
paper for many hours (as advocated by Patterson and Kricger). It may he 
dried conveniently over any source of heat, provided the heat is applied equally 
to the entire .sijot. It is e.ssential not to have the .spot in direct contact with 
the source of heat, but at some distance from it. A bridge or de.sk lamp may 
be used as the .source of heat or. better still, the filter paper may be allowed 
to re.st on a .steam radiator for .several minutes while the doctor or technician 
is free to engage in other work. 

2. Elimination of yellow color of the. reagent. On the as.sumption that the 
yellow color of the reagent might be due to various degrees of purity, different 
preparations of p-dimcthylaminobenzaldeh.vde wci-e examined.® The Ea.stman 
drug gives a slightly more inten.se, yellow coloration than the English prep- 
aration. Therefore, onl.v the Eastman p-dimethylaminobenzaldchyde was used. 

It was found, in addition, that the solvents and the method of preparation 
are of importance. For example, alcoholic solutions increase the yellow eolor 
of the reagent considerabl.v. It was also important not to use an excess of the 
reagent. The reagent finally was prepared as follows : 

P-diinetliylaminobenzaldeliyde “Kodak” 0.5 Gm. 

Trichloroacetic acid 100.0 Gni. 

Distilled water up to 100.0 c.c. 

The reagent should be kept for convenience in a dropper bottle. 

The p-dimethylaminobenzaldehydc dissolves easily in a concentrated tri- 
chloroacetic acid, producing a slightl.v .yellow color. A drop of this reagent 
on filter paper dried for ten to fifteen minutes on a hot surface gives a pinkish 
to graj'ish spot, contrasting satisfactorily with the yellow reaction of the urea. 
Only on prolonged heating or after the paper is kept for many hours does the 
spot of dry reagent turn yellow. 

In order to eliminate further any possibility of error due to the coloration 
of the reagent, it was found expedient to place the blood to be tested in the 
middle of a wet spot of reagent instead of mixing blood and reagent before 
applying the mixture to filter paper. This technique is sufficient to precipitate 
most of the blood proteins in a small drop and allows a clear dift'erentiation 
between the yellow zone surrounding the dark brown spot of blood proteins 
from the outer pinkish to grajdsh zone of reagent itself. In addition, two 
further advantages exist. There is no necessity of using a small test tube for 

•These samples were marketed by the following arms : British Drug- Houses Ltd.. 
don. Eastman Kodak Co.. Inc.. Rochester. N. V'. Eimer & Amend, X^ew York. Hartman-Leddon 
Co., Philadelphia. 

We wish to express our appreciation to the Eastman Kodak Co. for giving us a sample 
of their preparation. 
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mixiii!: bloorl niul rcnironl, and llio aniouni of blood necessary for (be lest is 
decreased from several lai'jre drojis 1o a sinple small drop, makin'r ibis metliod 
a true microtccliniqiie. 

A drop of reafionl is drop])ed on a small piece of fdter pajiei'. The finger 
is punctured in the usual mannei’ for obtaining blood counts, and a small di’op 
is allowed to come into contact with the moist area of the paper. TJie paper 
is dried, as described before, and is read after sevei’al minutes. A small spot 
of dark brown coagulated blood jirotein is seen in the center surrounded by 
a narrow yellow zone produced by the urea reaction and a pinkish-gray outer 
zone caused by tbc color of the reagent itself. The test is improved greatly in 
accuracy by turning the paper over and reading the result on the opposite 
side.® The intensity of the color reaction may be graded from 0 to 4 plus. It 
is wise at first to obtain a control reaction with normal bloo'd. but those who 
have worked with this test soon found that a control was unnecessary. If the 
te.st is used infrequently, it is well to u.se a control. 

I.VTEIU'RF-TATIOX OK THE TE.ST 

The te.st as described is sensitive enough to show a weak yellowish zone in 
normal blood. Comparatively small increases of urea nitrogen up to 25 mg. 
per 100 c.c. (about 50 mg. per 100 e.c. urea) can bo detected by comparison Avith 
the reaction of nonnal blood, provided the conditions of the test (amount of wet 
reagent, surface of blood in contact with liquid reagent, and equal heating of 
both spots) are kept reasonably constant. The test is not a quantitative one 
except very roughly. Twenty to 40 mg. per lOO c.c. of urea nitrogen produced 
a yellow color slightly more intense than normal ; 40 to 60 mg. per 100 e.c. gives 
a moderately intense reaction ; abov’c 60 mg. per 100 c.c. the color is very intense. 

The only compounds in blood which might interfere with the urea reaction 
are the sulfonamides. These dyes can be considered as derivatives of sulfanilic 
acid which was listed as an interfering substance vrfth Ehrlich ’s reagent by one 
of the author’s (Naumann, 1938), Monto,^ and more recently, Churg and Lehrf 
described a quantitative determination of sulfonamides in blood based on the 
vellow color reaction with Ehrlich’s reagent. The urea spot test as described 
may also be used for the detection of the sulfa drugs in blood if only a rough 
estunate is required. Further inve.stigation along these lines is now under way. 

hile conditions vvdth marked iritrogen retentioir -will as a rule not be those in 
which sulfonamide treatment may be expected, it is well to keep this possibility 
rn mind in those eases where treatment prior to the test is unknown. 

SUAIMARY 

1. A simple urea spot test for the detection of nitrogen retention is de- 
scribed, based on the yellow color reaction of urea with Ehrlich’s aldehvde 
reagent. 

2. The test, requiring a specially prepared reagent, filter paper, and a heat 
soiuce, can be completed in ten minutes. 

3. The sensitivity of the test is sufficient to detect slight, moderate and 
marked increase of blood urea. 


^'Oted by Dr. Kwascevska. 
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4. 34)0 urea spot lest may also be used foi- llie delee.) ion and rou^di estima- 
tion of sulfonamides in blood u-hicb <rivc a simiiai' yellrnv (silo)- jTaelion. The 
possible interferenee of urea and sulfonamides with eaeli oilier is pointed out. 
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THE TRYPTOPHAN TEST IN GENERAL PARESIS*’ 


JI. J. MaDONICK, Jl.D., AND .1. Lis.s,man, M.D. 

Nkw Youk, N. Y. 


W E BECAME iiitorcstcd in tho fryp1o])lmn to.st in ortmeral parc.sis as a 
re.sult of our experience with a ease of ibis disease on the wards of the 
Morrisania City Hospital in wliieh the reaelion was itositive. - A further evalu- 
ation of this test in syphilis was then undertaken and it was performed on the 
spinal fluids of 133 parotic per.sons. Cases were elassitied as paresis in tvliich 
positive blood and spinal serology and the menial picture of paresis were all 
present. Because of the clinical features and positive .serology both in blood 
and spinal fluid, three eases which did not have the typical ])aretie gold curve 
were considered as cases of paresis. In addition, the spinal finid.s of several 
cases of taboparesis, latent .syphilis, meningovascnlai- or cerebral .syphilis, and 
nonnenrologieal syphilis, were studied. As a control series the fluids of 102 
cases of alcoholism, the major psychoses and general medical condifions Avere 
examined. Fluids from patients with a history of syphilis or with a posifiA’C 
serology were excluded from this control group. 

The technique of the test employed was that described by Lichtenberg’® 
and Aiello.’^ It is essential that the signal fluid be clear; Ave found, as have 
other Avorkers,-’ -® that xanthochromic, hemorriiagie, and purulent fluids 
gaA’e “false positive” reactions. 

l''able I indicates the distribution of our cases. Ojie hundred and nine, or 
82 per cent, of the 133 paretic fluids gave a positive reaction. In the control 

•From the Neuropsychiatric Service of the Morrisania Cit.v Ho.snital, N,_ Savi^kjy AI.D., 
chief, and the Psychiatric Pivision of Bellevue Hospital, New York City, C. Is. Coloert, Ai.u., 
acting" director. 

Received fpr publication, June 4 , 1942. 
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series only two positive responses were obtained; one was in a ease of eerebral 
arterioselerosis and one in a mild rlieumatie fever. We liad tliree persons 
with multiple selerosis with jiaretie -old enrves who -;,ve ne-ative responses. 


T.MU.r. T 



TOT A I. 1 


NO. 

TaYITOI'HAX 

rri: rr.vT 

DIAGNOSIS 

NO. 

ooi.i> 

TAJIKS 







(’ASKS 


I’are.^i? 

l '>o 

1 <>.» 

I’a retie 

Flat 

l.-.n 

1 

100 

1 

24 

0 




Meninuitic 

•> 


0 


Taboparcsi.^ 

• ) 

Paretie 

1 

1 

1 

i 0 

i 0 



Low parotii- 





Syphilitic 

1 

1 

0 


Tabo.c 

■4 

Sypliilitic 

4 

0 

0 

0 

.\fvmptoniatic ncuro- 

11 

Flat i 

11 

0 

11 

0 

syphili.s 

Psvclio.^is with cerebral 

1.-! 

1 

P.'iretic 

o 

n 

i 

0 

4G.1 

or nieningovapcnlar 


Svphilitie 

4 

0 

4 

pj'philis 


Flat 

T 

•» 

4 


S}-pbili.s with positive 

11 

Flat 

11 

0 

11 

0 

blood and negative 
.“pinal serology 







Controls 

102 

Flat 

102 

2 

100 

2 

Multiple pcierosi.c 

o 

Parotic 

o 

•» 

0 

o 

.1 

0 

P.«ychopis with organic 

1 

Syphilitic 

1 

0 

1 

0 

hrain disease 







The po.sitive response in the cerebrospinal fluid to the tn^otophan test de- 
pends upon the presence of the amino acid with the same name. Riebeling-^ 
states that no tej^itophan is found in the normal spinal fluid. This .substance, 
according to Wouriz,^* is normally present in the cerebros-pinal fluid up to 1 mg. 
per 100 e.e. Jequier and Roten*" by adding tryptophan to normal spinal fluids 
which gave no re.sponse to the te.st found that if there is less than 0.0001 Gm. 
of this substance in the te.sting fluid the result is negative. At this level a 
faint ring is seen. Brugi' found that one part of tVA-ptophan to 10,000 parts 
of diluent resulted in a positive reaction. 

Boltz''* .studied the spinal fluid by the te.st which bears his name. Gro.s.s- 
man'-’ and Harris* ' believed the test was due to cholesterol, although Boltz rvas 
uncertain as to the chemical basis for the reaction. Later authors, Riebeling, 
Bli-v and Backlin^ and Walker and Bleeper,’* state that this is a tesd for ti’j'p- 
tophan. Table II indicates the results obtained by Boltz and other investiga- 
tors employing his test or modification of it. 

In the report of Steele and Xicole,’® six of the positive eases had a syph- 
ilitic gold curve; the remaindei’, including the negative responses, were in 
cases with a paretic gold curve. They stated that 8 per cent of neurosj'philitics 
Kive a positive result, although they are not true cases of pare.sis. Greenfield 
and Carmichael’* were of the opinion that there Avas no relationship betu’een 
changes in the colloidal gold curve and the test. All Thomas”'’ cases of paresis 
had a paretic gold curve. 
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Tablk II 


TEST 

AUTIIOn 

CASES 

rosi- 

TIVE 

XE(JA* 

TIVE 

, I’Ki; 
CK.ST 

' cost- 

TIVK 

Boltz i 

Boltz® 

22 paresis 

o>> 

0 

100 



2 tal>oj»are.sis 

i 

1 

no 



(i tabes 

0 

0 

0 



10 psvdiosis with cerebral 

»> 

7 

30 



arieriosclerosis 





Grossmanis 

28 paresi.s 

28 

i 0 

100 



1 tabc.s 

0 

1 

0 



31 other diseases 

0 

31 

0 


Duncan® 

27 paresis 

27 

0 

100 



127 other mental conditions 

121 

0 

94 


Harris'® 

02 pi\rcsis 

89 

n 

<1 

97 



5 neuros\'philis 

: 0 

3 

40 



83 other mental conditions 

1 

82 

1 


Steele and Nicole®® 

3(i paresis 

35 

1 

97 


Greenfield and 

Hi paresis 

13 

1 

94 


Carnueliaeln 

0 tabes 

0 

fi 

0 



•1 cerebral s.vphilis 

0 

4 

0 

j 

Schreus and 

11 paresis or taboparesis 

11 

0 

100 


Willnis®® 1 

2-1 tabes 

15 

9 

<!2 


Tlionias®® 

33 paresis 

o;> 

10 

70 



1 tabes 

b 

1 

0 


Piotrowski®® 

10 paresis 

c 

4 

00 



5 tabes 

0 

5 

0 



10 cerebral degenerative 

7 


70 



disorders 




Riebeling 

Ricljcling®-* 

73 j>aresis 

GS 

5 

93 




TUACES 



Kraus and 

Kraus and 

1 1 paresis 

0 iJ 

1 


Mezev 

]Meze3-’® 

3 taboparesis 

1 1 

1 


colon- 


C tabes 

2 1 

3 


metric 


7 cerebrospinal svphilis 

l> 2 

0 


niefliod 


5 latent s.vpliilis 

1 3 

\ 




1 gumma brain 

0 1 

0 


Aiello 

•Aiello' 

7 paresis 

0 


0 



9 tabes 

0 

9 

0 


Spillane®* 

S paresis 

0 

8 

0 



•1 cerebral sj-jihilis 

0 

4 

0 


Baxter® 

3 paresis 

0 

.» 

0 


A positive trj^toplian test has been considered by many writers to be 
specific for tuberculous meningitis.’’ ==■ Spillane,-® accepting 

the work of Fildes and Knight,’® on the ability of the tubercle bacilli to 5301- 
thesize their omi tr3'ptophan in viti’o on media lacking this amino acid, be- 
lieves that a positive test is, therefore, due to tlie presence of the tubercle 
bacillus. Boltz and Grossman,’® interested in this test in s3T)hilis, felt that it 
was an index of the destruction b3' the Treponema paUidnm upon the tissues 
nf the central nervous S3’’stem. Massazza®® thought that it was due onl3' to the 
breakdown of protein. Moui’iz and Piotrowski®® believed that tryi)tophan was 
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incvoaseil in proccssos in which there is (lest met inn of cells in the central nerv- 
ous system. A similar view is offered hy Kraus and ilezey.*”^ The last-numtioned 
authors obtained a positive tryptophan le.st only in eases where other patho- 
logic findings were present in the fluid, e.specially an elevated colloidal gold 
curve. They were of the opinion that tryptophan, though it is not the sole 
factor, mav ho one of the agents responsible for the gold curve. In our scries 
we obtained more positive trypto]ihan tests in syjihilitic fluids with a paretic 
gold curve than without one. Though this relationship is not strictly parallel, 
we have found many more positive tryptophan tests in syphilitic fluid with a 
paretic gold curve than without one. This would explain its highest incidence 
in paresis. On the other liand. in cases with paretic gold curves hut no syphilis, 
as in multiple sclerosis, the test has been negative. This convinces us that 
more than one factor is jircsent in .syphilitic spinal fluid to account for the 
colloidal gold curve and the tryptophan reaction. Perhaj)s the greater destruc- 
tion of parenchjmiatous nerve tissue in paresis than in the other forms of 
sj^philis results in a greater likelihood of the simultaneous production of the 
factors responsible for the tryptophan reaction and the colloidal gold curve. 

Greenfield and Carmichael found negative results to the test even in cases 
rvith total protein up to 1 per cent. Baxter- reported negative tryptophan 
tests in fluids showing an increased cell count and positive Pandy. Bnigi and 
HerherP® believed the rc.sults paralleled the increase in albumin content and 
obtained positive responses in fluids in which the albumin was greater than 
30 mg. per 100 e.c. Steele and Nicole, and Duncan'-’ found a close correlation 
between the globulin and the Boltz te.st, and in none of their cases was the 
result negative when the globulin was positive. Piotrowski’s work di.selosed 
no association between the globulin content and a positive Boltz reaction. 
AValker and Sleeper demonstrated a varying inten.sity of re.sponse with the 
amount of protein in the .spinal fluid but .stated that the relationship is not a 
direct one. In our series of the 18 cases in which the (quantitative protein was 
50 mg. per 100 e.c. or over, five with figures of 100, ,50. 119, 50, and 110 mg. 
per 100 e.c., gave a negative tryptophan reaction. The remainder in this series 
were positive. 


Kraus and ^lezey included two malaria treated cases ; one with paresis 
gave a negative test, the other with tabes gave a positive tryptophan test. 
Harris found in malaria-treated cases that, although the TTassermann reaction 
had in most instances become less strongly positive, the Boltz te.st .showed no 
change. .Steele and Nicole .state that the Boltz test was altered in about half 


the malarial treated cases, if considerable alteration from the original paretic- 
gold curve had occurred. Riebeling, on the other hand, thought that the re- 
•sults were more positive in persons Avith general pare.sis rvho were treated, 
than in those not treated. Three of the five rmth paresis, in our series, who 
had received malaria therapy six rveeks to four years prior to the examination 
of the fluid, gave positive tiu-ptophan reactions. lYe feel that our series of 
cases treated with malaria or chemotherapy is too small to Avarrant anv definite 
conclusion in regard to the effect of the therapy on the try-ptophan relponse. 

Kraus and Hezey found a negative te.st in old standing neurosA-philis or 
m eases that had no signs of parenchymatous involvement. Sehreus an(i Willms=® 
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Doted an increase in the reaction rvilli the passiiijr of lime. They found the 
Boltz reaction positiA'c in only 26 jier cent of 37 cases of less than tn'o years’ 
duration, and in 56 per cent of 72 eases of more than two years’ dui'ation. 

CONCLUSION.^ 

1. A total of 109, or 82 per cent, of 333 paretic fluids <riiYO a po.sitivc 
trypto])han response. It was po.sitivc in 3 (100 per cent) cases of taboparesis, 
negative in 4 (100 per cent) eases of labe.s. and positive in 5 of 13 or 46 per 
cent of eases of p.syehosis with meningovascular or cerebral .syphilis. 

2. The tc.st is mo.st often po.sitivc in cases of .syphilis with a paretic gold 
curve, but does not occur in other di.seases as multijile sclerosis where a paretic 
gold curve but no .syjdiilis is found. 

3. The tc.st is not necessarily dependent upon a rpiantitative increase in 
the total protein of the spinal fluid. 

4. In a control series of 102 ca.ses in which there was no po.sitivc .serologj' 
or history of .syphilis, it was positive in only 2 ciiscs. in one of cerebral arterio- 
selei-osis, and in one of rheumatic fever. 

5. From the literature we have tabulated the results of the Boltz and 
Eiebeling tests which are probaldy dependent upon the Iryiitophan in the 
spinal fluid. 

6. The spinal fluid must be clear becau.se hemorrhagic, xanthochromic, or 
purulent fluids give false positive reactions. 

We thank A. Wolf.son. R..S., chctiiist ut the Monl.«anla City Hospital, for ahl in tlio 
examination of tlie spinal nuid.«. 
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EFFECTS OF DESICCATION PROCEDURES OX THE CHEMICAL 
COMPOSITION OF FEC^ES. URINE, AND IMILK’* 

D. Maxwell Teague. ^I.S.. Harry Galbraith, il..S., Fraxce.s Cope Hummel, 
M.S., Harold H. AVilliams, Ph.D., and Icte G. AIacy, Ph.D. 

Detroit, AIich. 


'~pHE art and science of dehj'dration have been practiced from the earlie.st 
times of mankind, for the sake of either concentration or pre.servation. 
In some tj^pes of chemical work it is desirable not only to concentrate and to 
preserve a given mixture or substance, hut also to determine quantitativelj' 
the amount of water contained therein. The method of choice in the removal 
of water depends upon the completeness of desiccation desired and upon the 
chemical or physical alterations that may occur as the material is being dried. 

Food and other biological products may be concentrated and preserved, 
or their water content may be studied by dehydrating with heat, at atmo.s- 
pherie or under reduced pressure. The loss in weight that takes place during 
the dehydration process, before constant weight is reached, is generally as- 
sumed to he due, primarily, to the vaporization of ivater. Drjing at tempera- 
tures of 70° C. and upward to that of boiling water, hoivever, may result in the 
volatdization of essential oils,' lo.ss of nitrogen,'-' decomposition of fats and 
earboh yates'-*'- and, in some cases, the removal of water may be extremely time- 
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consuming. After protein-containing sulislanec lias lieen dried to constant 
weiglit, the final product may still contain from 2 to 7 per cent water.'*® Tlie 
use of temperatures of 100° to 110° C. for dehydration may he aeeompaniecl 
not only by a loss of volatile substances but also by a gain in weight from 
oxidation of fats and carbohydrates.’* “ 

Some of the difficulties in the removal of water may be obviated by drying 
at lower temperatures (50° to 70° C.) in an inert atmospliere of nitrogen or 
carbon dioxide under partial pre.s.sure, if special equipment is available for 
this purpose. If heating must lie avoided, the classic method of drying at room 
temperature in a partial vacuum over a desiccant iiiaj* be used — a method 
which is tedious, time-consuming, and iuqn-actieal where large A*olumes of 
water are to be removed in a short time. For rapid defermiuatiou of the moi.s- 
ture content of biological material, reflux distillation with xylene or toluene 
may be applied with a high degree of ofTicieiiey and neeuracy.'’* 'Phis latter 
method has no application in the preservation or concentration of foods for 
edible purposes, however, nor is it practical in connection with certain types 
of organic analyses. 

In continuous metabolic balance experiments ovei* many day.s, with several 
subjects, the number of specimens of food.s, urine, and feces involved jirecludc.s 
chemical analysis of all samples immediately following collection. Indeed, 
under the usual circumstances of .staff limitation, it is not practical even to 
attempt all the analyses concurrent with the collections. The.sc conditions 
have constantly pointed out the need for ])rocednres by which biological speci- 
mens may be preserved for future analysis in a state chemically equivalent to 
that existing at the time of collection. Increasing knowledge of phy.siologic 
processes and wider recognition of the great stability of biological .substances 
in the dry state have emphasized the necessity for a more practical method of 
desiccation, for jircservation with less danger of denaturation than the proce- 
dures previously mentioned.” 

Although removal of water I'apor from frozen specimens by means of a 
chemical desiccant was used at the beginning of the century, only recently has 
the cryochem process (‘‘desiccation in vacuo from the frozen state by means 
of chemicals’”^) been developed to a higli degree of refinement. This 7 )rocess 
offers a rapid and safe procedure wliicli permits tlie preservation of biological 
material in an undenatured form for long periods of time, provided the samples 
are properly stored. The puiposc of this paper is to point out the advantages 
of the ciyoehem procedure in accumulating biological materials for future 
analysis, and to demonstrate how other methods of desiccation may alter the 
chemical composition of the same materiabs. The illustrations giA’en portray 
the influence of different methods of dehydration upon distribution of free 
fatty acids and soaps in the feces and the total fat and nitrogen contents of 
feces, urine, and milk. The fecal fat exci’etion and its partition in the feces 
of normal children, determined on eryochem-desieeated feces, is reported in 
another paper.” 

' FECAL FAT 

. Fecal material is much more conveniently handled and accurately sampled 
for analyses in the dry state, when it can be pulverized and thoroughly mixed. 
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In determining tlio totnl lipid eonlcnf of feces, wliellier tlic wet or dried stool 
material is nsed is of no consequence as far as the results arc concerned, since 
most methods depend on primary saponification of the material. Ilowcvcr, in 
the fecal fat partition it has heen claimed'®' " that analyses on dried stools are 
inaccurate and that the lipid partition .should he carried out only on the Avet 
material. Tidwell and ITolt’^ have shown, in a comparison of the fat partitions 
on wet and dry fecal samples, that there was no significant alteration in the 
fecal fat distrihiition when feces were dried at room temperature in air. In 
handling a large number of fecal samples over a period of time, it is imprac- 
tical to attempt desiccation of them at room temperature in air. The usual 
procedure has heen to dry feces under alcohol in a forced draught oven, main- 
taining a temperature below 70° C. 


Tabi.k I 


Erracr or Dp.visg Methoi* Upon* Fat Compo.sitios or Feces 


COXSTITCEXT* 

Mfmion OF 

PUYINT. 

MG. PKP. GM. 

nniED feghs 

CniTICAI. 

KATIO 

ANALYSIS OF 
VARIANCE 


SAMPU; 

ItEAX ± SE„ 

SD + SE,n 

F 

1 

Free fatty acid 

Oven 

Cryoclicm 

•42.86 + 2.03 
14.28+0.55 

7.60 + 1.44 
2.00 + 0.39 

13.01 

190 

9.07 

Soap 

Oven 

Cryochem 

54.64 + 6.10 
81.86 + 6.50 

22.81 ±4.31 
24.34+4.60 

3.05 

61 

9.07 

Free fatty acid 
plus soap 

Oven 

Cryoclicm 

97.50 ± 6.52 
96.14 + 6.09 

24.39 ± 4.01 
25.05 ± 4.73 

0.14 

0.19 

9.07 


•The fat constituents were determined on the two types of dried preparation from each 
of 14 samples. 


Corresponding samples of the feces from a group of normal children®' were 
oven and eryochem dried. Table I compares the results of free fatty acid and 
soap analyses of the two types of material. The average amounts of free fatty 
acids per gram of dried feces were 43 mg. for the oven-dried samples and 14 
ing. for the cryochem-dried ; the average soap contents were 55 and 82 mg. per 
gram, respectively. That real differences existed for both the free fatty acid 
and soap determinations between the values obtained upon the samples pre- 
pared in the two ways, is shown by the critical ratios and the Analysis of 
Variance'^ re.sults. The conclusion apparent from the results is that during 
the process of drying in the oven, a portion of the soaps was hydrolyzed. This 
seems CA'ident, also, Avhen the total free fatty acid plus soap contents of the 
feces dried by the tAvo methods are compared. The average total for the OA'en- 
dried material is 97 mg. per gram and for the crA-oehem-dried feces it is 96 mg. 
No real difference ivas found betAA'een the free fatty acid plus soap analyses 
made on samples prepared in the tAA'o Avays, indicating that Avhile the total 
remained unchanged there Avas a real change in its components. From these 
results it seems clear that Avhen the fecal fat partition is to be determined 
care must be exercised in selecting the method of de.siccation if the analyses 
are to be performed on dried material. 


, .. studies with normal childi 

of tlic Alethodist Children’s A’'iliage, Detroit. 
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NITROGEN 

One of the detci'ininalions most frequently porfoniied on biological ma- 
terial is analysis for nitrogen, from the results of which the protein content 
may be calculated. During .standing and dehydrating, tlie organic constituents 
are most susceptible to loss of nitrogen.-' The olTect of the cryochem procedure 
of desiccation on nitrogen content is illustrated by analy.ses of fece.s. urine, 
and milk. 

FccaJ NHrocjcn . — The averages of re.sults of determination of the nitrogen 
content of the feces of childi'cn who were .subjects of a continuous metabolic 
balance study over a iici-iod of fifty-five days" are given in Table TI. Each 
fecal .sample represented a five-day period, and similar .samjilcs from each of 
several children were carefully collected and preserved, after preparing in the 
following manner; (1) A sulfuric acid digest" -was made of one portion of 
the fre.sh feces and the nitrogen determined. This value has .served as a .stand- 
ard for comparison. (2) A 7 mrtion of the fi'c.sh feces was dried down, under 
alcohol, in a forced di'aught. steam heated oven below 70° C. (3) Another 
liortion of the fresh fece.s was dehydrated by the ciwochem iii-ocess. 


Taiii.k II 

Effect of Dp.vi.nt. ilETiioD os Nitkooes Cokte.vt.s of Feces and I'ri.s'e 



MKTIIOU OF 

[ .\ITI!0(!E.\* 1 

CEITICAI. It.VTIO.S 



PKFJPARIKG SAMPLE 

.M KA.V ± SEj, 

SP ± SE...I, 


Feces t 

Acid dige.«t 

3S80±:!7 

1-15 ± 20 

Acid dige.';! rcrvocliem dried 

3.5 


Crvocliem dried 

Kino ± ai 

120 + 22 

Acid dige.slioven dried 

5., a 


Oven dried 

1123 + . an 


Oven dried icryocliem dried 

■1.3 

Urine* 

Fresli, untre.Ttod 
Cryocliem dried 

0.52 + 0.12 
o.nn + n.ii 

1. OS + 0.0,8 
i.n5 + o.os 

Fre.“li leryocliem dried 

0.5 


•In milligrams per <lay for feces and milligrams per milliliter of fre.sh urine. 
tFrom analyses of l.'i sample-''- 
tFrom analyses of SS samples. 


From comparisons of the nitrogen contents of the preparations, drying in 
the oven caused a considerable lo.ss of nitrogen, an average of 18 per cent of 
the nitrogen content of the acid digest of the fresh feces. The feces preserved 
by the cryochem procedure showed an average loss of only 5 per cent of the 
value determined for the acid digest, although the analy.ses were made two 
years after the samples had been dehydrated in the cryochem, and the loss was 
consistent for all samples. The children excreted in their feces, averages of 
1,380, 1,309, and 1,125 mg. of nitrogen per day. as determined upon the acid 
digest, cryochem-dried, and oven-dried feces, respectively. 

Statistical evaluation has been applied to the results obtained for the fecal 
nitrogen in 15 samples each of the acid digest, cryochem-dried, and oven-dried 
feces. The critical ratio (Table II) leaA’es some doubt as to the significance of 
the difference found between the nitrogen values for the acid digest and for the 
cryochem-dried samples, but the Analysis of Variance (F — 51.68; F' = 8.86) 
demonstrated a real difference. For the cryoehem-prepared samples versus 
the oven-dried samples, the critical ratio (Table II) showed a real statistical 
difference, confirmed by the Analj'sis of Vai-iance (F = 89.67; F' = 8.86). 
While the fresh samples contained slightly more nitrogen than the cryochem- 
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prepared samples, tlic Inller had considerably ^M•eator nilro<ren conicnfs lhan 
the oven-dried .samples. TIic real din'erence belween the re.sulls obtained on Ibe 
cryochem- and the oven-dried samples is evident from the values piven in 
Table IT and is contirmed by the critical ratio of AM. 

Several explanations may be ofi’ored for tlio nitropen loss shown by the 
eryochem-dried fecal material. I'Vccs are known to contain a])proximately 40 
per cent bacteria and volatile nitropeji comjxninds may ali'eady be present, oi 
he formed even while the product is frozen. It is jmssible, also, that altbonyb 
the dried samples were stored in desiecalois over desieehlora, they may have 
absorbed some moisture when the ';lass-stoppered bottles were opened to re- 
move samples for other determinations. De.sj)ite the small loss of nitrogen 
from the feee.s dehydrated by the cryochem ])rocess and pi'escrved for two 
years, it appears safe to conclude that this method of drying offers the best 
method for desiccating various biological matei’ials ^vith a miniminn of chem- 
ical alteration. 

Urbiori; NUror/cn . — A comparison has been made between the nitrogen con- 
tents of 88 samples of urine, as determined upon fresh and upon eryochem- 
dried samples. From the average data for these series of analy.scs the nitrogen 
content.s of the two preparations appear similar (Table TT). The averages 
were 9..52 and 9.60 mg. of nitrogen per milliliter of urine in the fre.sh and dried 
.saniple.s, respectively; the ranges of variation .shown by the standard devia- 
tions (SD) correspond closely, and the critical ratio is only 0.5. 

Milk }^itro()cn. — Five samples of fresh milk were secured at weekly inter- 
A'als and analyzed for nitrogen by the K.ieldahl method.’'' Portions of the 
same samples were dried by the cryochem procedure and the nitrogen similarly 
Avas determined. The averages for nitrogen, determined upon the dried and 
fre.sh samples, Avere 509 and 506 mg. per 100 ffm. of milk, respectively, Avhich 
represents a difference of only 0.5 per cent in the nitrogen content.s. 

It should be pointed out in this connection that in determining the energj' 
A'alue of such substances as milk and urine in the bomb calorimeter, other 
methods of drying make it neee.ssary to determine the nitrogen lo.ss in drying 
and make a correction for this loss in calculating the heat of eombu.stion of 
the original material. The cryochem desiccation process offers a means of 
eliminating the additional determination of nitrogen on the dried material and 
the nitrogen loss correction in the energy calculation. 

SL'lI-ArARY 

The remoA'al of water from fece.s, urine, and milk by the cryochem pi’oeess 
(dehydration in vacuo from the frozen state by means of chemicals) permits 
preservation of the dry material indefinitely in an uudenatured form if stored 
under proper conditions. This method of dehydration has many advantages 
OAcr oven-drying. OA-en-diying at 70° C., and under, hydrolyzes the soaps in 
feces, causing exaggerated values for the free fatty acids and a reduction in 
the soaps, although the total free fatty acid plus soap values are the same for 
loth methods of drying. The nitrogen contents of the cryochem .samples of 
icees, urine, and mijk approximate those of fre.sh .specimens. Tn determinin^r 
energy by the bomb calorimeter, the eryochem-dried material permits .greater 
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accuracy in analyses and econoinj' of time and materials, eliminating one nitro- 
gen determination and correction for nitrogen loss in drying. 
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E. F. Wicks, :\r.S., St. [.ouis, 3In. 


A LTHOUOn tlic use of Nessler’s reajrcnl dates back to l-SoG, it was ap- 
parently Cliilcs' in 1928, who Til’s! emphasized the ,!ircat gain in stahilitj 
of nesslerized solutions when gum arahie was present. By its inclusion he 
successfully nesslerized Kjeldalil digests containing concentrations of am- 
monium ion far greater than is otherwise possible. Such application of a 
suitalile protective colloid was indicated, of course, once the Xessler reaction 
color was suspected of being a colloidal suspensoid. Prussian blue sols, present 
in a micro glucose method, were stabilized with gum ghatti by Folin- in 1929. 
Looney’ in 1930 employed this same giim for his simiilc blood ui’ea method 
by direct nesslerization. A year later Walters^ applied it to other nesslerized 
solutions, claiming gum ghatti to be much superior to Chiles' gum arable, 
of which it is a variety. 

As would be expected, the natural gums are ver.v variable sub.stances, and 
most samples contain interfering eompouncLs, wliieh can cause reduction of the 
double iodide of Nessler's reagent with the separation of what seems to be 
mercurous compounds. AVhen Nc.sslcr’s reagent is added to a water solution of 
mo.st natural gums, a greenish-yellow turbidit.v appears, and slow precipitation 
follows. Fortunately, the colored ammonia complex of the Nessler reaction 
is less easily reduced but still turbidity often develops. These reducing materials 
are doubtless responsible for the limited use of the gums as an aid to nessleriza- 
tion and for disagreement as to its value. For example, Looney found gum 
ghatti to retard greatly the rapid turbidity that follows in almost all direct 
nesslerization urea methods, while Hawk and Andes" reported increased 
turbidity. 

Several investigators have tried to remove the ob.iectionable reducing 
substances in the gum solution Arith only partial success. Oxidation was an 
erident approach. Chiles mentioned using sodium peroxide but di-scarded 
It and simply mixed a portion of Nessler's reagent with a greater A’olume of 
eiaide gum solution and waited for it to clear. Doneen® sugge.sted Chiles ' method 
of preparation Avhenever the gum solution proved too crude. Folin,- in pre- 
pai’ing gum ghatti solution for the iron-reduction glucose method cited above, 
oxidized Avith potas.sium peimanganate. Other analysts, .such as Walters, and 
Lieboff and Koppel," haA’e precipitated the gum from aejueous solution by 
strong alcohol. IMost workers, liOAA’eA'er, including Loonej-, and Daly,® used, 
if any, a crude solution. Herzfeld,® and Nichols and AYillits’'’ emplo.ved gelatin 
"hich has a much loAver gold number" than the gums. We haA’e tried ti’aga- 
the soluble portion of gum tragaeanth," AA’ithout much .satisfaction. 

Lou Research Department of the Barnard Free Skin and Cancer Hospital. St. 
Received for publication. June 15. 1942. 
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Tin-: JOUIiXAI- 01’ r.AUOKATOKY AX» CMXICAI. JI];i)lCIXK 


Kxi‘Knnn:xTAL 

Althonp:li most samples of “soluble trum frlmlli,” or of "inn ai'abic, include 
contaminations like woody fibers, earthy material, insoluble gum, and coloring 
matter, the impurities most objectionable from the view point of nesslerization 
are calcium, magnesium, and ammonium compounds, but especially the reducing 
substances. 

The first problem is that of dissolving the gum. Some texts give directions 
for suspending the sainjiie at the to]> of a cylinder of cold water where it 
requires days to disperse. Others lengthily stir the ])Owdered gum with cold 
water, a method by which solutions up to 10 ))cr cent arc prcjiarcd, an unneces- 
sary concentration, which is as viscous as syrup and cannot possibly be filtered 
or centrifuged. Tt is not only easier but better to invqiare the solution hot, for 
it is thus somewhat le.ss frothy and a little lower in reducing substances. Snell 
and Snell‘S recognized this, for while their dii-eetions call for a laborious 
dissolving of the gum in cold water, they then recommend heating the solution 
over a boiling brine bath "to destroy reducing enzymes.'’ 

We also attcmiited the destruction of the reducing substances by oxidizers, 
such as potassium mercuric iodide, triiodide, permanganate, hydrogen peroxide, 
etc., without much satisfaction. Permanganate, as used earlier by Folin, gives 
only partial improvement, and the deep brown oxide of manganese remain.s pep- 
tized in the gum solution. 

The expedient of mixing some Xe.s.slcr’s reagent with a much gi’cater volume 
of gum solution to clear out the reducing substances was found to have certain 
disadvantages. The alkali of the reagent seems at fii’st to increase the reducing 
power of the gum solution, doubtlc.ss by hydrolysis and other reactions. Con- 
sequently, it is not practical to incorporate a small amount of protective gnni 
solution with undiluted Ne.ssler's reagent stock before use. Upon mixing the 
solutions, a very pronounced turbidity develops. After many day.s, the super- 
natant liquid is clear above a greeni.sh or black residue of mercurous iodide 
or mercury. However, dcsjjile decomposition of the added Ncs.slcr's reagent 
and part of the gum, the final solution, though alkaline, is substantially lower 
in reducing substances. Unfortunately, use of such gum ghatti solution requires 
a special Nessler's reagent containing le.ss alkali and more of the double iodide. 

The alcohol precipitation technique is evidently based upon the assumption 
that the chief interfering substances are the .salts associated with the gums. 
Addition of alcohol to an a(|Ucous .solution of a gum up to a concentration 
of 60 per cent or more’' causes separation. Long contact of the precipitated 
gum with strong alcohol lowers its solubility in Avater. The sticky, demineralized 
mass is then dried, pulverized, and dissolved in water. This is a messy procedure 
and one which removes the salts but only a small portion of the reducing 
substances. One can prepare a better (but not good) gum ghatti solution by 
simply Avashing the poAvdered crude sample Avitli hot alcohol, drying, dissolving 
in Avater to a 1 per cent solution, treating Avith permutit, and filtering. 

True gums can also be precipitated from aqueous solution by basic lead 
acetate, but they are thereby denatured and arc no longer Avater-soluble. 

Turning then to the ]Aossibility of removing the interfex-ing materials by 
adsorption, a variety of adsorbing agents AA’as tried. Alumina gave fair results, 
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lull this oxide is indicated'^ to attach pentosan ipnns. 'riie clays, haolin, and 
Lloyd's veaiionl were sli*:htly effective, hut tlnw were so tinely divided that it 
was almost im])ossihle to sejiarate the snsj)endcd j)avliek’s. Silica in the loim 
of Idcselguhr liad the same fault; ijround silica ^el did not, oi course, hut 
neither was it very active. The xcolitc, jiorinutit, besides renioviinj; calcium, 
magnesium, and ammonia, seemed to adsorb some coloring mattei’ and I’edneing 
substances. However, adsorbtivc carbons proved most satisfactory, osjjecially 
purified hone cliareoal, which we found can take out the gre.ater jjoi'lion ol the 
reducing substances. 

.suonicsTicn PKOCKocin-: 


Bring the dc.sii'od volume of di.stillcd Avatcr to a boil, and then transfer 
the beaker to a .steam bath. Add enough of a good grade of j)Owdcrcd gum 
ghatti (e.g., Coleman and Bell “gum gbatli, .soluble”) to make a 1 per cent 
solution, and heat with frcfiuent .stirring for about one-half to thi'oe-fiuarter.s 
hour, or until all soluble material appears io be dissolved. (Heating over a 
direct llamo eau char the gum.) While still hot, filter with suction through a 
couple thickness of closely-woven cloth pressed down snugly in a Buchner funnel 
with a disk of wire screen. (Only the grosser particles will be retained, but 
even the coarsest crepe filter paper would soon clog.) Return the gum .solution 
to the steam hath, add about 6 to 8 Om. of dry, acid-purified bone cbarcoal 
powder per 100 c.c., cover with a watch glass, and beat with occasional stirring 
for one-half to one hour. Oddly, after the charcoal treatment, the viscosity 
of the gum solution is apparently greatly reduced, as it is then much more 
readily filtrablc (although Rakuzin’" slates that gum arabic at least is not 
adsorbed by charcoal). Filter while hot through a fast crepe paper (e.g,, 
Reeve Angel 202) in the Buchner fnnnel. Tlie filtrate may be graj'ish, due to 
fine particles of carbon. If so, change the filter paper to a retentive one (e.g., 
JIunktell OA) and rcfiltcr. For each 100 c.c, of the cool filtrate, add about 
3 to 4 Gm. of good permutit (e.g., “according to Folin” — or purify as de- 
scribed by Hawk and Bergcim'®). Agitate gently for aronnd ten minutes and 
filter with crepe paper and .suction. 

“Bone charcoal” as often .sold may consist of a great deal of calcium 
compounds (including sulfides) and a little partly deeompo.sed organic mat- 
ter along with the porous carbon. L'.se of such material can render the gum 
■solution more impure than before. If acid-treated bone charcoal is not available, 
an ordinary grade (e.g,, Mallinckrodt No. 4396) must be purified, as described 
by Hawk and Bergeim.^^ Over 80 per cent of the “charcoal” may dissolve in 
the hot, dilute hydrochloric acid. To avoid prolonged washing, the residue 
can be removed from, the Buchner funnel after a couple hot water rinsings, 
•suspended in a little sodium bicarbonate .solution (te.st with litmus), then re- 
filtered and washed again in the funnel. It is naturally important that the 
charcoal be free of any strong acid. The final product may be u.sed over if 
washed w'ell with hot water and dried in the oven. The permutit may also be 
washed, repurified, and used again. 


alternative procedure 

A method not quite as effective as the foregoing, but much more con- 
venient, IS as follows ; Prepare the gum solution on the steam bath as outlined 
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Tnic jounxAL or lahoratouv and cfaxicai. aikdicixi-: 


but to only 0.5 ])er cent concenti-alion. Filler hot Uiroufrli clofli a.s described 
previously, and add al)out 2 to 3 G'ln. of a "ood alkali-ti-ec “aclivalcd” wood 
charcoal powder (e.£r., “Activated Charcoal, IMcrck”) i)er 100 c.c. JJeat on the 
steam bath with frequent stirriu" for at least one-half hour. Filter hot with 
suction through crepe filter i)a]ier and then thi-ough a more retentive ])ai)er to 
catch the finer carbon particles. With wood charcoal these i)article.s are .smaller 
and lighter, and hence more difficult to remove. A lower eoncenti’ation of the 
gum solution is necessary. The permutit ti'catmenl may often be omitted when 
wood charcoal is the adsorbing agent. 

All the experiments outlined here Avere made b.v nc.sslcrizing in the old 
Folin-’\Tu tubes in the pre.sence of 1 c.c. of 1:1 sulfuric acid, and Avith the 
Koch-l\Icl\Iccki 2 i reage?)! ?i.s i))-epji?-ed Avill? mercuric oxide,”’' itself ;i rather 
stable reagent. As little as 5 e.e. of the purified 0.5 per cent gum ghatti Avill 
.stabilize 1.5 mg. of nitrogen per 50 e.e. for hoin-.s, n)ul 10 c.c. (or cquiA-alent in 
1 per cent ) Avill serve foi- as high as 2.5 mg. 

In adding the gum solution to the micro-K.ieldahl dige.st to be ne.s.slerized, 
it is Avcll to dilute that acid solution fii-st to aA'oid any chance of po.ssible 
hydrolysis of the pentosan gum. 

Gum solutions Avill slightly loAA-cr the intensity of the Ne.ssler coloi', 
doubtle.ss due to the inlluence on pa?'ticlc .size. They must natui'ally be added 
to the .standai'd also. 

As .some molds g)- 0 Av readily in gum solutions, it is best to include a pre- 
servative. This must be one Avhich eamses no rcductio?? Avhen mixed Avith Ne.ss- 
ler’s reagent. Chloi'ofoi'rn definitely giA’es nmrkcd reduction from cmitact 
Avith the alkali (formate?). 'Walters used Avater .saturated Avilh thymol, a good 
presei'A-ative but one Avhicli can cau.se a slight )'cduction. Toluol Avas found 
most .satisfactory, only a fcAV drops being I'cquii’ed to ]))-eve)it mold groAvth 
Avithout iTfrigeration. (It is ])o.ssiblc, l)y adding too much toluol iind shaking 
very vigorously, to form a toluol emulsion.) 

.SUMMARY 

Reducing substances nalurjilly i?re.sent in most samples of gum ghatti 
Avill often cause turbidity of Nesslcr's reagent when that protective colloid 
is employed. The greater ]?art of the interfering materials can be removed 
by treatment of the hot gum solution Avith acid-Avashed bone charcoal (or less 
Avell by Avood charcoal) folloAved by permutit. These ijrocedures are described. 
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A AliW ]1I0D1FK:ATK)N of TllF 
DETER^llNATlON OF OEIIY 


TnUNBEKO :MET1I0D FOE THE 
OFOOENASES ]N TISSUES® 


Ucnicri Fkikdkmann, and Alvin Hoi>lani)KI!, M.S., Buookla'n, X. Y, 


F or the past two years we have carried out syslciiiatic .sludie.s on the effect 
of toxins and viruses on the dehydrooenase systems of tissues. The results 
of these invcstifiations will be imblished in a separate paper. Tlic cla.ssical inetliod 
for this pui’iiosc, that described by Thunber<:, rcfiuires siiecial tubes which 
mn.sf bo thoroughly evacuated and shaken during the entire course of the 
e.\periment. It was soon felt that this was too cumbei-some for large-.seale 
experimont.s. A modification was designed, tiicrefore, wiiich, without apparent 
di.sadvantages, permits tlic performance of many tests in a relatively .short 
period of time. Instead of using evaeuated tubes, Die reagents iverc mixed with 
melted agar and the reaction was ob.servcd in llie solidified medium. By this 
device anaerobic conditions were olhained, and, at the same time, .sedimentation 
of the tissues ivas prevented. f Since ivc feel that this method may Jiave other 
applications, we arc iircscnling tlic teclini((nc in some detail. 


Rea(jcnis . — 

I. 2 per cent agar containing 0.5 per cent dibasic sodium phosphate and 
adjusted to pH T.4. 

II. 0.002 motbylcnc blue in distilled water, 

HI. Solutions of the various substrates. Sueeinate Avas used in 5 per cent 
solution and the others, citrate, glyeevo])hospbate, glucose, and laetate, in 
fspnmoliir concentrations. The pH of all solutions was ad.fusted to 7.1 with 
sodium hydroxide. 


•From th(i Division of BaotoriolOBj-. the .Tewish Ho.spital of Brooklyn. 
Kcceivod for publication, Juno 15, 1012. 


tlnn of this method. Isaacs and Nussbaum^ reported another modiVn- 

S I'M)™,!, i fo,'’. (lyterrnmation of the (leliydro-en/i.-ie.s of baoteH.a Thov 

Ilnr In ‘ •‘’‘■''me ami excUiderl oxypen by overlayerinp the nuid -svith vole 

t s‘„u ,blo if"'"’ y.e used mineral oil for the .same purWe but 
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THE .TOUKXAL OF LADOKATOKY AND CIANICAL MEDICINE 


lY. Tissue siis])ensions. The orfriins wore finely frrouiid with sand and 
10 per eenl susiiensions wore made in saline. 

FKOCEDEUE 

The agar was melted and 2.5 c.e. were ]nil into each lube. AVhen the agar 
had cooled to 42° C., 0.5 c.e. of methylene blue and 1 c.e. of .substrate (both 
warmed to 37° C.) were added. This mixture was then added to 1.25 c.e. of 
tissue suspension, also iireviously warmed to 37° C. Comiiletc admixture of 
the comjionents were accomplished by rather vigorous rotation between the 
palms. Immediately afterwards the tubes were plunged into a freezing mixture 
of iee and salt in water and, when the agar had solidified, kept for an additional 
ten minutes in a refrigerator. 

The tubes were then ]nil into a water bath at 3S° C. and observed for the 
decolorization of the methylene blue. If the tissues were ground finely enough, 
the time at which the end point of the reaction was reached could be determined 
accurately. Owing to some slight diffusion of o.xygen from the air into the agar 
a narrow, well-demarcated zone of blue coloration was iiresent at the surface 
but did not interfere with the reading of the results. In order to determine the 
degree of anaerobiasis in the agar, 1.25 c.c. of tissue susjiension and 1 c.e. of a 
1 per cent .solution of para])honylencdiamine hydrochloride (neutral to litmus) 
were added to 2.5 c.e. of agar and handled as deseribed above. A hazy gray 
color appeared in the agar indicating the presence of a trace of o.xygen. This 
color, however, disap])earcd within a few seconds except for a well-defined, 
narrow black band at the surface. We may conclude from this observation 
that within a few seconds after the start of the exiicriment, the agar is free 
from o.xygen. The quantitative relalionshij) between the lime required for de- 
colorization and the amount of dehydrogenase M’ill be discussed in a subsequent 
paper. 

In order to test the rcjiroducibility and consistency of the rcsult.s, tests 
were done with the organs of two animals using succinate as a substrate. In 
both series each individual organ Avas tested fiA’c limes under exactly the same 
experimental conditions. From the experimental data the arithmetic means 
and the standard deviations Averc calculated and are recorded in Table I. 


Table I 

Deteilmikatiox of SurciN'ASE Actia’ity i.v A^Mtioes .Samfi.e.s of the S.a.me OnoAX 


OHGAN 

i EXPERIMENT I 1 

1 EXPERIMENT 11 

JIEAX* 

STANDARD 

DEVIATION* 

.MEAN* 1 

STANDARD 

DEVIATION* 

Kidney 




+ 0.2(i 

Liver 




± 0.20 

Heart 




± 0.00 

Brain 




+ 1.0.0 


♦Time in minutes. 


The A'alues of the standard deA’iations sIioav that the results in each ex- 
periment Avith kidney, liver, and heart are consistent. In the experiments Avith 
brain, the results vary more considerably, although tlie experimental conditions 
Avere kept strictly constant. This probably is due to the AvcU-knoAA’n chemical 
instability of brain suspensions. 












LOOKKY-DVKK : 


DirrKUMIXATION’ or rOTAf-SIUM IN ni.OOI) SKItUM 


nrn, 

It, may be seen from tlicse two experiments that there arc lartrc diflcrenccs 
in tlie clehyclrogenasc contents of the organs of varioiis animals. Table II shows 
the results of experiinent.s with the organs of 20 animals. Again we confine 
oui-sclves to determinations of sueeinase. 

TAni.r. II 


DETF.r.MIX.\T10X OF Sl'CCIX.VSF. ACTIVITY IK TllF. OUO.^KS OF 20 AKIMAFS 


onoAX 

MEAK* 

STAKIIAUII nr.VI.tTIOK* 

Kidnov 

19.2 

± 4.12 

Liver 

21.7 

± 5..I.‘! 

Heart 

24.9 

± G.ns 

Brain 

4(;.s 

± L’5.47 

•Adrenals 

?.r,.s 

± S.72 


•Time in mlniitc.». 


These results show that any comparison between normal and pathologic 
organs can be made only on a statistical basis. 

SUMMARY 

A new modification of the Thunberg method for the determination of 
dehydrogenases in tissues has been reported. Tissue suspensions, methylene 
blue, and substrates are mixed with melted agar and decolorization ohserv'ed 
in the solidified medium. The agar provides anaerobic conditions and prevents 
sedimentation of the tissue elements. The simplicity of this method penmits 
the carrying out of large-scale experiments in a short period of time. 
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A PHOTOELECTRIC ilETHOD FOR THE DETERMINATION OF 
POTASSIUJI IN BLOOD SERD3P 


Jo.SEPH M. Looney, M.D., and Cora G. Dyer, M.S., il.T., 'W'orce.ster, SLiss. 


j’HE growing importance of potassium in physiologic investigations is at- 
tested to by the multiplicity of methods proposed for its determination. 
This fact is also evidence that none of the methods so far used has received 
general acceptance as wholly satisfactoiw and reliable. In our studies on. the 
metabolism of schizophrenic patients we have used many methods, but most of 
our results have been obtained by the silver cobaltinitrite method of Breh 
and Gaebler,! modified by the procedure of Taylor,’' for handling the standard. 
M e have not been entirely satisfied with this method as the degree of error 
vas too high to allow the detection of small but significant changes. When the 
e.Ytinetion coefficient for the color developed hy this method on known potassium 
solutions was determined on different days, there was a marked divergence 
of valu es, especially at the higher levels. The results for different eoncentra- 
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lions of potassium olitaincd at. llm samo time followed Beei-’s law but were 
not consistent from day to day. I’jmzliow.ski and Zwomer^ subjected the mctliod 
to a critical anal.vsis and recommcinled Ibat tbe precipitation be carried out 
between 17° and 22° C. Itobinson and I’ufnam,^ however, claimed that ',u’catci' 
sensitivity can be obtained by pi'ccipitatin*!: from a 30 volume jier cent alcohol 
medium at 4° to 6° C. 



Fig. 1. — A^’ariation.s in f'xtinction produced by same {iinounts of potassiuni on diiferont 
days witli sulfanilic acid and o-naphthylaniine. Temperature of prcciiiitate iield 2U® to 23 . 
1 c.c. of AgNOs = 20 c.c. of cobaltinitritc. 


Harris^ used a modification of the Breii and Gaebler method b.v precipita- 
tion from a 14 per cent alcoholic solution in a water bath at 20° C. for one-half 
hour. This period is much shorter than that recommended by most authors, 
and we have found it insufficient to obtain complete ])recipitation in very dilute 
solutions. Harris stated that the temperature could vary from 16° to 25° C. 
without change in the potassium/nitrite ratio. Onr results indicate that the 
optimum range is between 18° and 20° C., since the potassium/nitrite ratio is 
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T]ie use of siilfosMlievlie jieid {ihis- silver iiilivtle \v;is ruled oitl, lieeause the results 
were liigli due to a reaelioii between the arid and the eoujtling a^auits used for 
the subseijuenl colorinietrie ))roeedure. Triehloroaeetie aeid could jiol bo used, 
since all the sami)los that we tried gave Inrbid solutions with silver niti'ate. 

Weiehselbanm, Somogyi, and Kusk''' recommended tlu: use of eo])j)er sulfate 
to replace the sulfuric aeid in the ])rcpavatinn of filtrates. Our oxi)ericnee iiidi- 
eates that this method gives satisfactory results. They also recommended 
changes in the jirepavation of the silver cobaltinilrite reagent, but we were not 
able to obtain the results that they claimed for this modification and, therefore, 
returned to the use of the reagoJit of lirch and Oa(!l)!er.’ 

The chief diflleulty in the use of a j)hotoelcctrie colorimeter and a .standard 
absorption curve arises from the variability in the amount of color produced 
by identical amounts of potassium on dift'erenl days. This variability, as is 
shown in Fig. 1, arises from changes wliicii occur in the solutions of sulfanilic 
.acid and n-naphthylamine. Another disadvantage of tlic.se reagents is that the 
color produced is not stable and begins to fade after it attains its maximum 
development in about five to ton minutes. 

It was felt that, the sulistitution of tiie couiiling reagent of llai'sliall* N-l 
naphtbyletliylcncdiaminc dihydrocbloride for rt-naj)btbylamine and .sulfanila- 
mide for sulfanilic acid might be advantageous, SliiniF lias found these s\)b- 
stitufions to give superior rc.sulfs in the delorminalion of nitrite in food.s, water, 
and sewage. We have lieen able to confirm her findings with regard to the 
permanence of the color jn-oduced by the itlansliall reagenl.s. AVhereas the 
sulfanilic acid and a-naplitliylamine sliowed a fading from an absorption read- 
ing of 77.2 per cent to 70,8 per cent on standing for twelve liouns, the same 
amount, of nitrite with the Alarsliall reagents showed a decrease in color only 
from 82.5 per cent to Sl.S per cent. Tiic inlen.sity of color was also considerably 
greater with the latter reagents. Althoiigii Shinn slated that the roagent.s would 
give satisfactory results for one montli, we have found that values cannot be 
relied upon after a week when using the standard curve, and so we prepare these 
solutions fresh each week. If two standard .solutions ai'c run llirough at the 
same time as the unknown solutions, tiicn satisfactory values can be computed 
from the line drawn through these two points for solutions keiil up to a month. 
It should be noted, however, that the line must pass tlirongli the origin, and if 
this does not occur, some error has been made and new st.indards must he run. 


Mg. of K per 100 ml. 

final volume 
Iso. of samples 
Mean extinction 
K 



0.012; 

0.01 ti 

o.ois 

0.020 

0.024 

7 i 
0.2 76 i 

6 

o.s.is. 

5 

0.309 

4 

0.42S 

3 

0.471 

10.0 i 

fm 

18.0 

17.5 

16.0 


PBOCEDUUE 

All glassware must be kept scrupulously clean. We have found it con- 
venient to keep a set of glassware for nse in potassium determinations only. 
The presence of ammonia will give falsely high results. TJierefore, ammonia 
fumes must be avoided and tubes, must be capped at all limes when not in 
manipulation. The silver concentration is also important, since an excess of 
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silver as well as low temperatures during the cohaltiiiitrite ])recipitalion ^\ill gl\c 
long necdlcliUc crystals of silver nitrile which interfere with the results. For 
this reason, we have reduced the silver content of Breh and fiaeblcr s reagent 
hy one-half. 

A. Frccipitaiion of J^roicin (ind Chloride. 

1. To a elean tc.st tube, add 

0.5 c.c. of scrum, 

7.0 c.c. of distilled water, 

1.0 c.c. of 1.5% sodium tungstate, and mix 

1.0 c.c. of 2.5% copper sulfate. 

Stopper and shake well. Then add 

0.5 c.c. of 2.5% silver nitrate. 

Restopper and shake again. 

2. Let stand for fifteen to twenty minutes and filter through a 
Whatman >so. 5 paper. The first portion of the filtrate should 
be refiltered through the same paper in order to he sure of an 
absolutely clear solution, since a cloudy filtrate apparently gives 
a low result. 

B. Precipitation of Pota.<ii;inm With Silver Cohaltinitritc. 

1. To a clean 15 c.c. graduated centi-ifuge tube, add 

3 c.c. of the protein chloride-frcc filtrate, 

1 c.c. of 95% alcohol, and 
1 c.c. of distilled water. 

2. Place in a water bath at 18° to 22° C. for five minutes. 

3. Add 2 c.c. of silver cohaltinitritc i-eagent, cap and mix (by tap- 
ping, not by inversion), and replace in the water bath for two 
hours. 

4. Centrifuge for fifteen minutes at 2,800 r.p.m. 

C. Washing the Precipitate. 

1. With a capillary pipette remove the supernatant fluid to the 

0.2 c.e. mark. 

2. Wash with 7 c.e. of wash reagent, rinsing down the sides and dis- 
turbing the precipitate as little as possible. If the tube is .slanted, 
the remaining 0.2 c.e. of fluid will mix with the wash solution. 

3. Centrifuge for fifteen minutes, decant, invert, and drain over 
filter paper for five minutes. Wipe the mouth of the tube. 

4. Repeat this washing and draining twice more. 

(After this stage, and only at this point, the procedure may be inter- 
rupted and the tubes allowed to stand overnight if one drop of distilled 
water is added to each tube to prevent the precipitate from drying up.) 

D. Digestion. 

1. Add 10 e.e. of approximately 0.2 N sodium hydroxide, breaking 
up the precipitate if possible. 

2. Heat in a boiling water bath for ten minutes. A black precipi- 
tate remains. 

3. Cool, make up to 10 c.c. with water, stopper, and mix. Replace 
stopper with centrifuge cap and centrifuge for five to ten minutes. 
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TAHi-n n 


nxr. NO. 

AMOUNT 

SKt:UM 

.SKia:.n K (,M(i./10n) 

AtO. OK K 
AmiKl) 

100 .Ml,. 

'i'OT.\I, 1C ODTAINKD 

TOTAL 

CAI.Ci;- 

I..\TK1) 

rnnoK or 

TOTAL 

VAIA.’Krt ( .\V(i. 

v.\i,n:.'c 1 

mmm 

1 

J/j c.c. scrum 

20.73 
20.4 C 
20.30 

20.00 

4.0 

23.50 

23.5f! 


24.00 

-4.2 

8.0 

25.18 

2.5.18 

28.18 

28.00 

-1.5 

12.0 

mm 

31.00 

n 

-4.0 

O 

\<j C.C. scnnn 

20.40 

20.00 

20.50 

4.0 

24.00 

24.12 

24.39 

mm 

-O.fifl 

S.O 

2S.(iO 

28.18 


28.50 

-0.49 

12,0 

*>o 

*»o o») 

mm 


-1.0 

3 

Vl> c.c. sonini 

■ 

■ 

4.0 

25.12 

20.00 

25.52 

-G.nG 

-2.8 

8,0 

29.78 

29.50 

29.07 

30.28 

-2.0 

12.0 

32.78 

32.78 

.32.78 

34.28 

-1.3 

4* 

Vj c.c. serum 

20.18 

20.1s 

'j.O 

! 

24.12 

24.12 

i 

24.12 

24.18 

-0.24 

8.0 

27 

27!7S 

27.50 

28.18 

-2.4 

12.0 

31.12 

31.12 

32.18 

-3.3 

5t 

14 c.c. serum 

21.44 

19.00 

20.00 

20..3fl 

4,0 

25,00 

24.50 

24.78 

24.30 

+1.7 

8.0 

28.18 

28.34 

28.34 

2S.20 

2S.:]0 ; 

i 

-0.25 

12.0 

.32.00 

32.12 

.32.00 

32.30 

n 

G 

c.c. serum 

1 


21.09 

4.0 

■CRIBMi 

24.30 

i 

25.09 

H 

S.O 1 

i 

29.44 

29.88 

29.00 

29.09 

+ 1.9 

12.0 


32.45 

33.00 

1 

- 1.9 


22.18 

22.44 

22..31 

4.0 

20.12 

20.22 

■■ 

20.31 

- 0.53 

s 

Yj c.c. serum 


28.40 

4.0 

.32.50 
32.34 
.32.12 j 

32.32 

! .32.40 

-0.40 

9 

% c.c. serum 

19.25 

19.37 

19.31 

3.0 

21.50 

21.75 

21.85 

21.70 

22.31 

-1.9 

0.0 

24.90 
24.90 j 

24.90 

25.31 

-1.6 

9.0 

mm 

27.08 

28.31 

-2.2 

10 

% c.c. serum 


20.53 

3.0 

23.00 

22.00 
22.00 

22.73 

23.53 

-3.4 

0.0 

20.35 

26.40 

20.38 

20.5.3 

-0.50 


•Patient jaundiced. Icteric index lO.C. 
fPatient had dinitrophenol. 
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Taih.i; n— C ont’i) 


KXr. NO. 
AMOUNT 
SECUM 

USED 

SEIIUM K (MO./lOO) 

MO. or K 
Am*FA) 

100 MU, 

TOTM- K OBTAIXEI) 

TOTAU 

CAT.CU' 

J>ATi:i) 

Ktaioi: or 

TOT A I. 
(%) 


A VO. 

VAr.L'KS 

AVG. 

11 

% c.c. scrum 

20.-! 0 
20.50 

20.45 

i 

a.o 

23.55 

2;!.10 

HBI 

23.45 

-0.51 

G.O 

25.25 

25.15 

25.20 

20.45 

-4.7 

!>.0 

2S.n 

28.25 

1 

28.13 

29.45 

-4.5 

12 

Vi c.c. serum 

25.S2 

25.GG 

25.74 

4.0 

29.12 

28.60 

28.87 

28.87 

29.74 

-2.9 

s.o 

.'13.22 

.32.50 

32.SG 

33.74 

-2.G 

13 

% c.c. serum 

■ 

lO.GG 

4.0 

23.34 

23.7G 


23.GG 

-0.4G 

s.o 

27.44 

27.7G 

27.00 

27.G6 

-0.21 


E. Colorimetry. 

1. To a 100 c.c. volumetric flask, add 

2 c.c. of supernatant fluid fi’om D, 

5 c.c. of distilled -water, 

1 c.c. of 50% hydrochloric acid, and 

2 c.c, of 0.5% sulfanilamide. 

2. Mb: and let stand for three minutes, then add 1 c.c. of 0.1% 
N-1 naphthylethylenediamine dihydroeliloride. 

3. Make to volume and read after five minutes. 

F. Reagents. 

1. 1.5% sodium tungstate. 

2. 2.5% copper sulfate. 

3. 2.5% silver nitrate. 

4. 0.2 N (approx.) sodium hydroxide. 

5. 40% silver nitrate. 

6. Sodium Cobaltinitrite Solution.'^ 

A. Dissolve 25 Gm. of cobalt nitrate crystals in 50 c.c, of 
water and add 12.5 c.c. of glacial acetic acid. 

B. Dissolve 120 Gm. of sodium nitrite in 180 c.c. of water 
(must be potassium free). Add 210 c.c. of B to all of A, 
and aerate the solution under the hood until all the nitrous 
oxide fumes are driven off. Place in the refrigerator where 
it will keep for about a month. Filter each time before 
using. 

T. Cobaltinitrite Beagent. 

To 20 c.c. of filtered sodium cobaltinitrite solution, add 
1 c.c. of 40 7o silver nitrate. 

Shake well and filter to remove trace of precipitate winch is 
undissolvcd. 

S. Sulfanilamide Eeagent. 

0.5% sulfanilamide in 30% acetic acid. Must be prepared 
fresh weekly. 
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9. Coupler Reagent. 

0.1% N-1 naplitliylclhylciicdiainiiic diliydroeliloriclc in 30% 
acetic acid. IMust be ])reparcd I'rc.sli weekly. 

10. Wash Reagent. 

2 volumc,s alcohol. 

1 volume ether. 

2 volumes water. 


A standard curve was cslal)li,sl»ed by carrying out the foregoing ])rocediirc 
on .standard ])otassium sulfate solutions containing O.Ol to 0.12 mg. of potas- 
sium per sjimple. Tlie e.xtcndcd readings were obtained with a Lange plioto- 
clectric colorimeter against a water blank using a green filter having maximum 
transmission at 5,200 A.T’. The results for values up to 0.05 mg. per sample 
are iilotted in Fig. 2. As only one-firth of the digested cobalt init rite is taken 
for the final colorimetric reading, the absolute value of the jiotassium deter- 
mined ranges from 0.002 to 0.010 mg. 

It will be noted that the line which passes through the mean value for each 
concentration passes through the oi'igin and follows Beer’s law Avithout de- 
viation. Above 0.05 mg. of jiotassium jier original samjile the curve falls off 
sharply. This may be seen in Tabic I where the extinction constant Iv was 


ealeulated according to the formula K == 


when 


C 

U 


cfiuals 


the extinction, 


C = the concentration of potassium in milligrams j)er 100 c.e. of final volume, 
and T = the thickness of the solution through which the light, must pass, which, 
in our tubes, is 1.2 cm. 

In the usual procedure the concentration of the potassium in the final solu- 
tion of the .standard is 0.012 mg. and the readings arc made at a point at which 
the color does not follow Beer's law. 

Our method, therefore, has been adjusted to give readings corresponding 
to 0.006 mg. of potassium in the final solution. This is in the region in Avhich 
there is no deviation from Beer’s law and allows determinations to be made 
on serums containing up to 35 mg. of ])otn.s.sium per 100 ml. without dilution. 
This would cover the entire range which might he encountered in ordinary 
clinical practice. 

Having established our table of values for known pota.ssium, a scries of 
blood scrums were run to Avhieh varying amounts of potassium were added. The 
recovery values may be .seen in Table II. It is interesting to note that, although 
different serums were used in each experiment, there is no Avide variation in the 
potassium value for the scrum alone. Cases S and 12 had an undetermined 
amount of potassium added before the knoAvn amount Avas added, Avhich ac- 
counts for the high initial values in these Iavo cases. 

It Avill be noted that the determinations made in multiplicato 03 i tliC orig- 
inal serum sIioav a mean difference from the average value of each serum of only 
0.15 mg., and this value is elcA'ated someAvhat 1)3' the poor result obtained in 
Case 5 AA'here a difference of 1.78 mg. bctAA'cen the highest and loAvcst readings 
Avas found. If Ave exclude this case, the maximum difference betAveen the high- 
est and loAvest readings of an3' serum AA'as 0.56 mg. The mean error in the re- 
covery of the added potassium Avas 1.89 per cent. 



nOM.\NlM:ll-STKlN ; 


M!('!W>m:TKKMINATION' OP CIII.OHlDIv^ 




St'M MAUY 

A iiiodilicalion oL' tin; silvi.-r (■(il)altinilril(; im.-lliod Tor llic tlclcnniiialioii of 
scrum potassium adajjted for use witli a pholoelcetrie colorimeter is deserilmd. 
By the use of sulfanilamide and X-1 naphthylcfhylcnediaminc dihydrochloridc 
to determine the concentration of nitrite in the potassium silver cobalt init rite 
precipitate a stable color’ is produced ■which is sensitive to 0.002 mg. of potas- 
sium in 100 ml. of solution. The color ])roduecd follow.s Beer’s law up to a 
concentration of 0.01 mg. of pota.ssium in the final solution, which ■nould cor- 
respond to a serum potassium value of 33.3 mg. per 100 ml. 
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THE jhorodetermination of chlorides in viscous 

BIOLOGICAL FLUIDS AND ITS RELIABILITY® 


Fraxklix Hollander, Ph.D., and Jueics Stein, B.S. 
New York, N. Y. 


'T'HE need for a simple, rapid, and reliable method for determining micro 
* quantities of chloride in 0.1 ml. samples of biological fluids like blood and 
viscous mucus is tvidely recognized, hut no procedure which, satis-fies all these 
requirements is as yet available. Some adaptation of the Yolhard titration (e.g., 
the method of Van Slyke’®) would seem to he eminently suitable for the purpose, 
were it not that the precision of the silver thiocyanate titration Is so poor as to 
rule this teelmique out of consideration for quantities of chlorine as low as 100 y. 
In spite of the popularity of the "Wilson and BaU’“ modifleation of the Van Slyke 
method for quantities around 3 to 5 mg,, occasional articles which call attention 
to Its poor reliability are still being published (c.g., Schales and Schales'-). The 
chief cause of this inadequacy is tlie transience of the end point, which re.su]t.s 
from th e dissociation of the ferric thiocyanate into its colorlass eon.stitiients, aided 


•From the Laboratorie.^ of the Mount Sinai Hospital, New Tork City. 

This work was supported in part by a grant from the Friedsam Foundation 
Keccived for publication, June 25, 19-12. 
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by Ihe conversion of ])rccipit;ito(l silver chloride to silver tliiocynnatc in con- 
sequence of the "Tcatcr insolubility of the latter. IJosanofi' and Hill'" reported 
that this difficulty in the Volhard titration can lx; ovei-come in part by filtering 
off the silver chloride before titrating? the excc.s.s .silvoi- with thiocyanate, but 
scrutiny of their data leaves some doubt regarding the relative magnitudes of 
the errors with and without such filtration. In order to save the time and labor 
of filtration, Keys"’ adopted the technitpic of Fislcc and Sokheyy and centrifuged 
before titrating in order to remove the silver chloride jirecipitate by jiacking it 
at the bottom of the titration tube. However, IColfhofi" has pointed out that 
separation of the silver chloride entails the removal of silver-ion by adsorption, 
and Whitehorn’' found no imiirovcmcnt whatev('r as a result of such filtration. 
The.se reports led to the use of various chemical agents for reducing the tran- 
sience of the end point. Smirk*'' rejiorled that acetone in conjunction with 
alcoholic thiocyanate sharpens the end ])oinf by decreasing the di.ssociation of 
the ferric thiocyanate, but this cfl’ect was not confirmed by ’Wilson and Ball."' 
The use of nitrobenzene for tlie same purpo.se was advocated by Caldwell and 
Jloyer* ; and Key-s" employed ether to collect the silver ])recipifale at the liquid- 
liquid interface and thus to reduce back reactions in the water pha.se, according 
to the prinei])le of Rothmund and Burg.staller." Toluene and benzene have been 
recommended by Stsehigol*’ for the .same purjiose. but none of these teelini(|ue.s 
has as yet been generally adopted. 

The method of Wilson and Ball has been in use in this laboratory for many 
years, but we also have never been .satisfied with its reliability, iilultiple titra- 
tions on the same solution are often in very poor agreement, parfieularly M’hen 
they are done on different days. The magnitude of these errors is well illustrated 
by the two series of data for a .set of 24 single determinations on the .same .solu- 
tion, performed over a period of eight weeks (experiment G 33-9). For the 
titration of the blanks (2 ml. of 0.2 N silver nitrate, titrated with about 0.5 N 
potassium thiocyanate) the standard deviation of the entire distribution (s) was 
0.0017 meq.® and the mean (il) was 0,394 mcq. For the corresponding “un- 
known” titrations (2 ml. of 0.2 N silver nitrate + 0.5 ml. of 0.1 N sodium chloride) 
s = 0.0015 meq. and M = 0.344 mcq. Hence, for the 24 titers of the sodium 
chloride, al one, calculated by diff erence of blank and unlniown, 51 = 0.050 mcq. 
and s = V (0.0017)^ + (0.0015)^ = 0.0023 meq., or 4.6 per cent of the mean (see 
Addenda, especially equations 4 and 7). Two other sets of similar data (G 33-7 
and 8) were in statistically reasonable agreement with these values, and they are 
all well within the experience of other laboratories in the use of such modifica- 
tions of the Volliard method. These results, therefore, afford a fair measure of 
the poor precision of this method as ordinarily carried out. Since these titers 
were not correlated with the date of titration, there is no reason for suspecting 
a progressive change in concenti'ation of any of the reagents on standing, and 
this is supported by the identity of the mean titers for sodium chloride in all 
three sets of data. Attempts to correlate the error ndth color intensitj- of the 
end point or with individual operator have been unsuccessful. 


*AU titers and standard deviations der! 
instead of milliliters of potassium thiocyanj 
observations on different unknowns, and of ■ 
or volumes. 


--- ’ reported in milliequivalents 

acilitate the comparison of 
of different concentrations 
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Tlie iifore-mciitioned titrations wore ali ])ovfonnt'(l in t1)c presence ot nitro- 
l)enzcnc, since without tiiis snl)stanco (or witii etl\er or acetone) tlie end point 
is even less reliable than with it. According to Caldwell and Idoycr. tlie cflicacy 
0 ? nitrohenzeue dejionds on its formation ot ‘‘an insolnblc layer o\ci tlie pie- 
cipitate, so that the rate of .solution of the silver cliloridc is i-ednccd to .sucli an 
extent tliat H does not interfere in tlie thiocyanate titi’ation, but a pcrfcctlv 
clear supernatant fluid is not c.ssential. In our exi)erioncc tlie silver precipitate 
appeal’s to be removed by suspension within the layer of nitrobenzene, and thi.s 
process rarely occurs conpiletely. The action of the nitrobenzene can be rcvci'scd 
by the addition of more silver nitrate after the end point has been reached, and 
this explains why the removal of precipitate oecur.s only a.s one approaches the 
end point where the silver ion concent I'ai ion is low. In our efforts to reduce the 
variability of our results we noticed that the uniformity of the titers inerea.sed 
with the completene.ss of removal of the precipitated silver .salts by the nitro- 
benzene. Furthermore, the completene.ss of seiiaration of the precipitate from 
the aqueous layer seemed to increase with the duration and vigor of .shaking after 
each addition of reagent. Caldwell and ^loyer state that agitation for thirty to 
forty seconds is necessary in order to form large spongy flakes, but they ap- 
parently, did not associate such formation with the retention of these flake.s’ 
Avithin the nitrobenzene layer. Accordingly, we performed four series of titra- 
tions (G 33-10, 11, 12, and 13) by essentially the same procedure a.s before, except 
that additional precautions were taken in respect to the rngor and duration of 
shaking. The results showed marked and consistent improvement over those 
obtained •without this innovation in technique. Thus, a pooled estimate of s 
(see Addenda, equations 8, 9, and 10) from all 6 sets of data tcithoid systematic 
agitation (N — 170) is 0.0016 meq., whereas for the 8 such sets on blanks and 
sodium chloride solutions ivitli active shahiny (N = 290), s is O.OOOimeq. Tlxis 
indicates a fourfold impr'ovement in the precision — a result which was confirmed 
by similar titrations on standard hydrochloric acid solutions and oxalated whole 
blood (G 33-10, 12, and 13). 

Our experience ^vith the shaking technique has been so consi.stently good that 
tliere can be no doubt regarding the reason for the improvement in reproducibil- 
ity of titration; i.e., the systematic removal of silver precipitate from suspension 
in the aqueous phase hy means of vigorous shaking with nitrohenzene. Nitro- 
benzene has not always been efficient in jdelding good agreement among multiple 
titrations, but this has resulted merely from the lack of adequate shaking of the 
titration mixture. The influence of stirring upon the rate of fading of the end 
point and, therefore, upon the titer, in the absence of nitrobenzene, was pointed 
out by Short and Gellis,’^ but lYhitehorn’- subsequently reported identical 
results irith mild and uuth rfgorous stiiring. In consequence, the importance 
of intensive agitation in the Volhard titration has been generally nesrlected 
(Keys’ does stir the titration mixture, by means of a jet of air, Init only to 
insure unifomity of titration rate). However, our own observations leave no 
doubt of its importance for optimum reproducibility of the end point, particu- 
larly in view of the large number of titrations nsed for the estimation of the 
precision measures. 
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We liavc, llierefOre, adapted this teelmique to the determination of mmiite 
quantities of chlorine (as low as 90y), and our results have been entirely con- 
sistent TOtli expectations based on our experiences with the larger (jiiantitics. 
In order that the procedure may be a])plicd to biological liquids of high viscosity 
(like mucous secretions) without loss of ]U'ccision, wc have modified the usual 
pipetting technique — but this may be disregarded for Iluids of low viscosity. 


rKOCEDURE 


Reagents.— Bilvev nitrate (about 0.2 normal, not standardized), sodium 
chloride (0.1 normal, standardized gravimctrically, Sm — 0.0004 N), potassium 
thioc 3 'anate (about 0.01 normal, not standardized®'), ferric alum (6 per cent), 
nitrobenzene, and concentrated nitric acid. 

The procedure is as follows ; 

1. Pipette 0.1 ml. of silver nitrate into each of a series of p,vrex tc.sl tubes, 
200 mm. bj* 24 mm. (outside diameter) ; designate 2 of the.se as “blanks.” 

2. Into each of 2 other tubes containing silver nitrate pipette 0.1 ml. of 
sodium chloride solution ; those tubes arc designated "NaCl .standards” and .serve 
in effect for the standardization of the pota.ssium thioc.vanatc reagent. 

3. Into each of another set of 2 or 3 tubes containing silver nitrate, intro- 
duce 0.1 ml. of the unknown solution, using the same ])ipettct for unlniowtis as 
for sodium chloride standards. With viscous liquids rinse the pipette twice with 
nitric acid and once with water — in which case tlic sodium chloride standard 
must also be delivered with rinsing. 

4. To each tube add 1 ml. of nitric acid, less whatever maj' have been em- 
ploj'ed for rinsing. Cover the tube with a small watch glass and digest the con- 
tents on a water bath until the liquid becomes clear; this usually requires from 
one to two hours. Blanks and controls need not be digested, since their titeis are 
the same -wnth and without heating. Solutions biunght to this stage can be stored 
in the dark for several da.vs, or in dim diffu.se light for one da.v, without any ap- 
preciable difference in titer. 

5. After removing the tubes from the steam bath, cool and add 0.5 ml. of 
ferric alum and 6 drops (about 0.2 ml.) of nitrobenzene to each. 

6. Titrate with the Ihioc.vanate .solution, using a 10 ml. l)urette graduated 
in 0.02 ml. A burette tip consisting of a hypodermic needle fitted to a Lucr 
adaptor and the adjustable drop control device previously described (Hollander^) 
permit the addition of small volumes of reagent (0.003 ml.) with a minimum 
of time and effort. Add the thiocjmnatc slowly n-ith frctiuent vigorous shaking, 
until the precipitate conglomerates into large flakes and is taken up b.v the 
nitrobenzene at the bottom of the tube. Slight opalc.seenee in the supernatant 
fluid, caused bj" droplets of nitrobenzene, does not interfere with the end point 
nor reduce the precision of the metliod. As the end point is api)roae]ied, shake 
the titration mixture vigorously after the addition of each drop of thiocyanate, 
for it is of the utmo.st importance that the precipitate be taken up entircl.v by 
the nitrobenzene at. this stage. Tlie nitrobenzene laj-er is broken up by this 


♦This solution is prepcircJ witli mertliiolate (1;2.'),000) :ina Uiun lllteicd li> prevent the 
growth of oreanisms. 

tThese pipettes need not he calibrated, for reasons wliich are given later in this sectiOT. 
To facilitate their manipulation, -n-ithout sucking the viscous specimen up above the graduation 
mark we employ a special mechanical manipulator described elsewhere (Hollander and Stem ). 
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procedure, l)Ul it re-forms oiu-li lime inlo an opatpu! siilieroidal mass. 'J’im end 
point is indiealed hy the fir.st faint orangc-red tint of ihe supernnlant li(iuid; 
under llicsc eonditions it is invarialily slaldc lor leii miindes and usually ioi 


iinieli longer. 

7. The coucenlration of chloride itJ (he uidniown, [Cl]i,„i;, is ealculaled i)\ 
inean.s of ef[ualion (2), in Avliieh the .symbols have the following inctiniiig.s . 
V = volume in milliliters of thiocyanate reagent rcfpiired for unkiioun, blank, 
or sodium chloride standard as indiealed by the subscri))t; ml = Aolumc in 
millilitei’S of sample pipetted out ; [Cl].vaci — chlorine eoneCTitration of the st.ind- 
ard sodium chloride solution. 


[01]„, - 10l]v,„ 

X'blnnk ~ 'SnCl/V mi„„v. / 


( 1 ) 


Since the same pi]icttc is used for unknown and for standard solutions, the last 
factor on the right becomes unity. Then, representing (vi,in„i; - v,mk) by A v„ni; and 
(Vbtank - Vx„ci) bv A ^vc Jiavc 


[Cl]„n,: 


— A \ link 


[Cl].VnCl 

A Vxafi 


( 2 ) 


The expre.s.siou [Cll>„ra/J Vx„ci is a con.stant factor for any set of reagents, 
and this greatly simplifies the calculations required for a long series of analyses. 

Van Slyke applied a negative “empirical” correction to each titration 
reading, because an excess of 0.04 ml. of reagent was nece.s.sary to give a decided 
end point. Kej's stated that any method which omits separation of the pre- 
cipitate from the titrated fluid yields titers which are slightly too high; this 
error might also be obviated hy a correction tenn similar to Van Slyke ’s. The 
titers which we obtained without the effective transfer of the silver precipitate to 
the nitrobenzene layer were .significantly higher than the values obtained hy 
means of vigorous shaking, and this is qualitatively in agreement with the ob- 
servations of Keys. However, our method of calculation obviates the use of any 
such correction term, because it would occur twice in the calculation of each 
A v-value and, therefore, cancel out completely. 

It uill he noted also that the foregoing procedure obviates the independent 
macrostandardization of the potas.sium thioejmnate solution, since the same end 
is attained hy titration of the .sodium chloride standard. The constancy of con- 
centration of the reagent over a period of several months 5.s demonstrated the 
small scatter (s) of the data for blanks and sodium chloride standards through- 
out any one series of titratioms, and, therefore, the titrations of blank and 
sodium cliloride standards need be done infrequently. In view of the trouble 
commonly encountered with deterioration of thiocyanate solutions, this constancy 
of its concentration is particularly noteworthy, and we ascribe it to the prepara- 
tion of the reagent with merthiolale and filtration. 


RELIAmniTY OF THE METHOD 

The reliability of an analytical procedure may l)e evaluated from the 
point of view of its accuracy (i.c., agreement between e.stimaled and actual 
values; correctness) or of its precision (i.e., agreement among different estimates 
of the same value; reproducibility). In the following discu.ssion the reliability 
has been considered from both of these angles. 
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As a measure of llie precision of the mctliocl wo performed a sel of de- 
terminations on each of several solutions: standard liydroeldoric acid in difl’er- 
ent eoncentrations, gastric mucous secretion, stomacli contents, and oxalatcd 
whole blood. The number of titrations comprising each series and the statistical 
data are presented in Table I. In all but one of tbo.se serie.s, the individual titra- 
tions were performed at various times throughout an interval of five weeks or 
more. The quantitie.s of chlorine contained in tlic 0.1 ml. .samjiles of the un- 
knowns varied from 5)1 y to 435) y, corresjionding to coneent rations of 2G to 
124 mN. 

Now, in calenlating the chlorine concentration of any .solution, we actually 
employ three different titers: for blank, for sodium chloride standard, and for 
the unknown itself. For the fiist two of Ihe.so, we ordinarily use mean values 
obtained from a large number of titrations (e.g., series 3a and 3b); for the un- 
Iniown, however, wc usually employ a moan of two, or at most three, titrations. 
Referring to equation (1), we .sec that .sji for [Cl]„„ic mast be a function of the 
standard error of all three of these averages — vi,i.ank, v.v„ci, and But, since 
N for the tAvo former is large compared with N for the unknown the .Sm values 
for the former are negligible with respect to sji for A-,ink (.see equation 5), Con- 
sequently, Sxt for a Cl determination in tinplieatc may be taken equal to .sji for 
the titer of the unicnowii alone, and tin's is equal to s/V3, where s is the standard 
deviation of the titration itself. From the data in the table it appears that s 
varies from 0.00009 to 0.00016 meq., and that these values are not correlated 
with the mean titer. Hence, the most representative estimate of s for a titration 
is given by a pooled estimate® made from all S series, with a total of 81 indiA'idual 
titrations ; by equation (11) this possesses the value 0.00010 meq. Therefore, 
.Sji = S/V3 — 0.00006 meq., and this is the precision measure for a titration 
done bj^ this method in triplicate. 

It must be remembered that the standard deviation observed for any other 
set of determinations may differ from this popnlation estimate by amounts within 
the usual limits of statistical A’ariation. Because of the very small number of 
titrations employed for any one detennination, thc.se differences may be rela- 
tixmly large. Furthermore, a percentage CA'aluation of precision (by means of 
the coefficient of A'ariation, V) Avill vary with the magnitude of 31 according to 
equation (6). Thus, for a determination on 100 y of chlorine (0.002S meq.), 
V = 2.1 per cent, Avhereas for 0.5 mg. V is one-fifth of this, or 0.4 per cent. 
In general, thex'efore, the standard error in milliequivalents affords a more sig- 
nificant precision measure for an analytical method than does the coefficient of 
variation. 

High viscosity of the unknoivn specimen does not affect the reliability of 
the method. This is shown bj' comparing s for determinations on mucus, blood, 
and stomach contents (series 6, 5, and 14) AAOtii tlie values for inorganic solutions 
(series 3a-3e). The good agreement among these statistics results in great 
measure from our practice of deliA^ering the sample for analysis by rinsing the 
pipette and our precaution not to dimv the sample up above the graduation in 
the first place. 

♦The chi-sauare test for homogeneity of the variances (s=) JustiOes tlie taking of such 
a pooled estimate. 
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An estimate of the (icrurarn of this method can l)e ol)tained by eompariiif: 
its results with tliose determined by a maeromethod on the same solution. For 
this purpose, three solutions of hydrochlorie aeid were I'treiiarcd fiom a e<iicfullj 
standardized stock solution, the conecntralion ol wliieli nas 100 noinnd 1)\ litia- 
tion with sodium hydroxide (which in turn had been standaidized ajxainst 
potassium acid phthalatc). A gravimetric determination of chloiinc in thi.s 
solution as silver chloride gave a value of 99.9 mX. Based on the moan of these 

TAiu.r. I 


SuMMAHY or MicnociiLOianr. Titration- D.^TA 


SERIES 

SOI.UTION'S TITRATED WITH KCN'S 

(0.01 X) 

N’l'M- 

UKi'. or 

TITUA- 

TIOKS 

MEAN' 

TITER 

N' 

t-s-f 

(MEQ.) ^ 

E-STI* 

MATEP 
Cl CON'- 
CEN'TRA- 
TION" 

AMOUNT 

or cl 

3a (blank) ( 

3t) (standard) < 

1.1 ml. AgXOi ( 0.2 N) 

1.1 ml. .\gXO 3 (0.2 N) -r 0.1 ml. KaCl 
( 0.1 N) 

0.1 ml.XaCl (0.1 X) hy difference 

X 

24 

IS 

mcq. 

0.020.5 

0.0105 

0,0099 

mcq. 

0.00009 

0.00009 

mX 

7 

352 

3e (unknown) 

0.1 ml. AgXO, (0.2 X) + 0.1 ml. HCl 
(0.1 X) 

0.1 ml. IICl (0.1 X) by difference 

G 

0.0105 

0,0100 

0.00012 

99.8 

354 

3d (unknown) j 

,0.1 ml. AgXO, (0.2 X) + 0.1 ml. HCl 
(0.05 X) 

0.1 ml. HCl (0.03 X) by difference 

G 

0.0154 

0.0050 

10.00011 

50.4 

179 

3e (unknown) 

0.1 ml. .A.gXO, (0.2 X) -i- 0.1 ml. HCl 1 
(0.025 X) 

0.1 ml. HCl (0.023 X) by difference 

6 

0.0179 

0.002G 

0.00010 

25.8 

91 

6 (nnknoivn) 

0.1 ml. AgXOj (0.2 X) + 0.1 ml. 
mucus! 

0.1 ml. mucus by difference 

6 

0.0081 

0.0124 

0.00013 

123.9 

439 

5 (unknouTi) 

0.1 ml. AgXO, (0.2 X) -s 0.1 ml. stom- 
ach contentst 

0.1 ml. stomach contents by difference 

6 

0.0111 

0.0093 

0.00007 

93.4 

331 

14 (unknown) 

0.1 ml. AgXO, (0.2 X) + 0.1 ml. oxa- 
lated whole blood 

0.1 ml. oxalated whole blood by differ- 
ence 

9 

0.0126 

0.0075 

0.00007 

75.1 

266 


•Mean amount of potassium thiocyanate used in each titration (in millierjuivalents). 
rp, fThe mucus specimen was collected from a Pavlov pouch in the absence of acid .secretion, 
ine sample wa-s extremely viscous and was homogenized before pipetting. 

Rehfu9™ube*'^'^'™*" ^ sample of fa.sting contents taken from a dog by means of a 

-f.s The standard deviation of a single titration. 


tMo values, the three .solutions contained the foliotving concentrations and 
quantities of chlorine: 100.0 mN (354 y), 50.0 mN (177 -/), and 25.0 mX (89 y). 
Six mierodeterminations were performed on each of these solutions. The results 
are summarized in Table I (series 3c, d, and e), and the e.stimated concentrations 
are 99.8 mX, 50.4 mN, and 25.8 mN, i-espectively. The.se data afford ample evi- 
dence of the accuracy of this method. 

SUjmARY 

1. A considerable improvement in the Van Slyke method for the detennina- 
tion of chlorides in biological fluids can be effected by the addition of nitro- 
benzene to the titration mixture, as recommended by CaldweU and Mover, pro- 
vided the liquid be agitated in such a way as to keep the precipitated silver salts 
aasorbed to the nitrobenzene layer. The procedure so modified is described in 
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2. The accuracy aiul llie precision of (lu; method ai’e determined in tlie raii^u 
of approximately 100 to oOO mici’ojjrams of chlorine (0.1 nd. si)C(;iineiis with a 
concentration range of 25 to 125 mN). Tlio standai’d deviation of a .single titra- 
tion, based on a imoled estimate from SI titrations, is 0.00010 mc(j., or 1 niN. For 
a determination done, say, in triplicate, the standard ci-roi’ is 0.00006 niecj., or 
0.6 mN. 

3. This high precision ai)j)lie.s to liquids of high viscosity like mucus secre- 
tion as well as to hydrochloric acid solid io7is, jirovidcd the samples taken for 
analysis arc pipetted with the proper ])recaution.s. 


ADDK.XnA 

1. Let 

.\i = any one of a series of tilers, 

X = tlie number of titers in llie .••erie.s, 

At = tlie mean of Ibis .serie.-;. 

Tlien, the stniulanl deviation for the series (and lienee for ii sin^jle titration) is "ivon by 
in the following equation: 

X(M - A,) = 


s- (or .s.»;) = 


X 


(3) 


For the performance of various “te.sts of significanco, ’’ if is etislomary to adjust s= with 
the factor X/(X-1), particularly when X ^ in order to obtain an estirntite of the popu- 
lation variance from that for a sample. This yields: 

A,)2 


„ _ -(-'f 

s- = 


w 


(X - 1 ) 

In the present work we are concerned only with a description of errors and not with tests 
of significance, but we have made this adjustnicnt as a matter of routine. Then the stand- 
ard deviation of the moan (i.o., the standard error) is given by s,,: 

s= 2:(At - A,) = 

~ X ~ X(X - 1) 

and the corresponding poreentago value, the cooflicient of variation, is given by 


(3) 


100 X 

V = per cent 


(C) 


2. For a series of X values, each of which is the difTerence of two such titers (A, -B,), 
e.g., on blank and unknown solution, respectively, we have 


— Ba- + Sir 


(7) 


provided X., = X„ or that they differ by an amount which is negligible. 

3. Given p series of data, each comprising X„ X., , X',, titrations, re.speclively, 

and each possessing a mean and standard deviation (Af, ± s,), (Af. ± .s,), (i^fp i Spb 

respectively. Then, for a pool of all the data we can calculate the same statistics by the 
following equations: 


X = SN, 

U1 


(S) 


i;(X, X Af,) 
1=1 


Af = 


N 


(h) 


X(X,s.2) + 2(X,d,=) 

.i»i 1=1 

if “ 


( 10 ) 
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where (1, = M, ->I. If the several M, values are in fairly Rood URreement, then d, is negli- 
gihly small, and we have 

i{X,sr) 

s= = — (11) 

For a discussion of the apidicalioii of statistical methods to prohlems of chemical 
analysis, the reader is referred to an article l>y Power.* For a more detailed and rigorous, 
though elementary, treatment of these methods see Pider.a 
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A SBIPLE AND RELIABLE rVlETJIOD FOR, THE DETERMINATION 
OP i\IETnYL ALCOITOl. AND F0R:\IALDEIIYI3E IN THE AIR* 


C. P. Ackkuu.wkr, B.S., A .\» R. .1. LKnowioii, M.V., (ti.ovkrsvilu:, N. Y. 

I N THE COURSE of <111 invcsligalion upon llic clinical effects of metliylation 
in Avorkers engaged in the tanning industry, if became necessary to determine 
accurately the percentage of formaldehyde and methyl alcohol A'apors in the 
air. In this paper, the Avord “metliylation” is used to indicate a direct union 
or substitution of the methyl radical in certain chemical compounds in the 
tissue cells and body fluids. Nearly all the chemical methods Avhieh liaA'c been 
proposed for their estimation have been based upon the jirincijile of a solution 
of these gases in Avater or some organic soh'ent. 

The method .submitted Avas dcA-eloped to substantiate the cau.se of possible 
injurious effects found clinically in Avorkers in industries employing formal- 
dehyde or its derivatives and methyl alcoiiol. In recent years the use of these 
products has increased frcmendou.sly due to (heir emiiloymcnt in the manu- 
facture of plastics, disinfectants, adIic.siA-e.s, textiles, rubber, and paiier. 

A critical and exhaustive .surA-cy of the literature failed to rcA-eal the 
existence of any technical method for the accurate estimation of formaldehyde 
and methyl alcohol in the air, the ncce.ssity of Avhich is junlcnt. 

ZhitkoA'a® in his article on the determination of poisonous vapors in the 
atmosphere, mentions a method for the detection of the.se gases. These pro- 
cedures haA'e been carefully folloAvcd, checked and discarded because the.v did 
not yield reproducible re.sults Avith a high percentage of accuracy. 

Wright' investigated numerous propo.scd tests for the determination of 
methanol depending upon its oxidation to formaldehyde, lie states: “As 
oxidizing agents hydrogen peroxide, chromic acid, ammonium ])ei’sulphate, hot 
copper spiral and potassium permanganate Avere tried, but all except potas- 
sium permanganate AA'ere rejected as unsatisfactory.” Tlicse findings have 
been confirmed by us. Rosaniline, identical Avith Schiff's reagent modified, 
proved to be the mo.st sensitive and stable reagent and yielded the most 
reliable and reproducible results. It Avas necessary to modify this method 
slightly in order to differentiate betAA'cen formaldehyde vapors and those of 
methyl alcohol. The commercial use of formaldehyde fully embraces the use 
of methyl alcohol because, as manufactured at iirescnt, it contains 1 to 8 
per cent of meth}'! alcohol, according to specifications, in order to prcA’ent the 
possible polymerization of formaldehyde to paraformaldehyde. 

Adaptation of the modified Schiff’s reagent reejuired the forced solution 
of formaldehj'de and methyl alcohol A'apors into an aciueous solution, eliminating 
other fumes AV'hich might cause interfering chemical reactions, thereby markedly 
invalidating the accuracy of the method. In the field, chlorine, sulfur dioxide, 

•From the Eugene Littauer Memorial and Fulton County Laboratory, Natlian Littauer 
Hospital, Gloversville. 

Received for publication, June 26, 1942. 
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fomiic and acetic acid fumes rcaelcd witli the rca'icnts in llic iccei\cis, de- 
stroying the formaldehyde condensation violet color formed by the union of 
rosanilinc and formaldehyde. Tliei'efore, it was c.ssential to develop an ap- 
paratus for the absorption of these gases from the air. 

The method satisfied the following criteria; (1) Complete absorption of the 
vapors of formaldehyde and methyl alcohol ]>rcsont in a measured volume of air 
with their negligible condensation upon the walls of tlie vessels containing 
the absorbing fluids. (2) Kcgulation of their rate of diffusion and absorption. 
(3) Complete elimination of interfering and extraneous gases. 

IhVet Outlet 



DESCRIPTION OF .\PPARATUS AND iVBSORBING SOLUTIONS 

For routine analysis an apparatus was constructed according to Fig. 1. 
The gas absorbers consist of three stock laboratory bottles fitted tightly with 
a two-holed rubber stopper. One bole of each stopper accommodates a inch 
diameter glass inlet tube extending to within i/g inch fi-om the center of the 
bottom of the bottles. The other hole accommodates a inch diameter glass 
outlet tube which extends y^ to % inch below the bottom of the stopper. 

The bottles are so arranged in a series of three that the first inlet tube 
is joined to a glass tube of % inch diameter. The last outlet tube is connected 
to a 5 liter glass aspirating flask, the outlet of which regulates the flow and 
^olume of the test sample of air through the system. Two screw clamps 
seiwe as valves to adjust the flow of water from the aspirator; one is per- 
manently set to insure the same rate of flow for successive determinations; 
the other acts as a shut-off for the entire system. The diameters of the inlet 
openings are adjusted to a 1.6 mm. aperture to allow only small bubbles of the 
incoming vapors to pass through the liquids in the absorbers in a steacUly 
flowing stream. Larger openings would permit the passage of excessively lar^e 
bubbles carrying traces of impurities of sulfur dioxide, chlorine, and 'carbon 
dioxide, and these represent a source of considerable technical error. The use 
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of aerator stones Avas investigated and determinations with them proved in- 
accurate. Tiiey introduced a phenomenon of selective adsorption wliich did 
not remain constant throughout the period of time necessary to conduct a 
test. 

After many experiments the followiiig solutions and their indicated con- 
centrations were selected for the absorption of the interfering vai)ors and those 
to be estimated. 

The first absorber containing l.uO c.c. of a 3 per cent ])hosphoric acid and 
2 per cent barium chloride solution in efjual amounts removes all the sulfur 
dioxide fumes and the formic and acetic acid vapors. Frequent check tests 
were made on tliis solution to determine the amount of formaldehyde and 
methyl alcohol vapors absorbed, and the I'csulls i-evealed their i)resejicc only in 
minute negligible traces. Tin's fact is beli(‘veil to be due to the i)roi)crty of 
formaldehyde and methyl alcohol being more unstable in an acid solution than 
in an alkaline solution. The mild slate of aeration tends to influence the 
presence of formaldehyde and methyl alcohol as a gas. The carbon dioxide, 
as it passes tiirough water, forms carbonic acid, which 3'caets according to the 
folloAving equation. The jfliosphoric acid acts as a carbonic anhydrase, as first 
purified by Jlcldrum and Roughton.-’' This aecelorates the reaction in both 
directions: ILCO, -}- BaCl, i:? 2Tr{*l BaCO,|. 

The second absorber contains 200 c.c. of an alkaline solution of 5 per cent 
potassium i)ermanganate, whieli completely removes by oxidation all tlie methyl 
alcohol. 

The third absorl)cr contains 22.5 c.c. of jnodified Schiff’s reagent, and the 
fourth, employed for experimental ])urposcs, liolds 200 c.c. 2 N sodium bisulfite 
solution. 

The errors introduced by the entrainment of foianaldehyde vapore into 
the fir.st and second absorbers were found to be 1 ])art in 1,000 in the first 
absorber and 3 parts in 1,000 in the .second absorber. In tlie third absorber, 
over 97 per cent of the formaldehyde vapors react with tlie modified SchifT’s 
reagent, according to the following supjioscd ctiuation forming the characteristic 
Schiff’s violet color,* the intensity of which is ])ro])ortional to the amount of 
reacting vapors. 
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The fourth experimental absorber, although unnecessaiy, was used to 
detect any escaping formaldehyde vapors bj' their reaction with sodium 
bisulfite solution, forming oxymctbyl sodium sulfonate, according to the 
equation ; 

/OH 

HCHO + XaHSO, ILC< 

■ NSOjXL'i 
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In some instances, volumes oC vapors as high as 3.5 per cent were noted under 
conditions wlierc tlic temporal urc of the surrounding atmosphere was above 
80° F. 

DISCHU’TIOX AXU UATIOXAI/ OK JlKTIlOn 

By means of tlie variable screw clamp, the vacuum created l)y the flow 
of water is regulated so that one liter of water flows freely without pulsations 
every twenty-five minutes. It is absolutely necessary that pulsations be elimin- 
ated, because many large bubbles may he forced spasmodically through the 
absorbere so rapidly that they may carry with them entrained vapor’s which 
are not absorbed in their respective solutions. 

In order to absorb completely all the formaldehyde and methyl alcohol 
vapors, as well as to remove all interfering gaseous substances, it is necessary 
to allow at least 1 liter of water to flow from the aspirator. By experimentation 
with the object of reducing the percentage of technical error in the method 
to a minimum, it was found that the use of 5 liters of water yields very ac- 
curate results, but a volume of 5 to 10 liters is even more reliable and, therefore, 
desirable, as shown in Table II. 

Iir a routine analysis, 1,000 c.c. of vapors are allowed to pass through the 
system in order to remove the air above the surface of the liquid in each 
absorber and saturate it with the vapors to be expelled from that solution. 
One liter of water is permitted to flow from the aspirator for a period of 
twenty-five minutes, and then its flow is stopped by the second snap clamp. 
The level of water is again adjusted in the aspirator and another 1,000 c.c. of 
air are inducted. AYliile the aspirator is being filled, a vent must be opened 
or the liquids in the absorbers will be forced backward through the system, 
thus invalidating the results. This is repeated until at least 5,000 c.c. of air 
have been drawn tlmough the receivers. 

Absorbers 2 and 3 are removed, sealed Avith a rubber stopper, and are 
brought to the laboratory. To repeat the determinations, it is only necessary 
to renew the liquids in absorbers 2 and 3. The liquid in absorber 1 is suffi- 
ciently concentrated to be employed for at least ten determinations without 
renewal. 

In the laboratoiw, the procedure for the analysis of the solutions in 
absorbers 2 and 3 is followed according to that outlined by Wright.^ The 
potassium pei-manganate solution is decolorized with the oxalic-sulfuric acid 
solution and then the modified Schiff’s reagent is added. Color comparisons 
are made with standards already set up and are matched with the naked eye, 
or preferably with a Hellige colorimeter. 

Comparisons were made with the photoelectric colorimeter but were found 
to lie unreliable, due to the inability of the photoelectric cell to differentiate 
between different wave lengths in the red and blue zones as well as to the 
intensity of these colors. 

If the fourth absorber is used, the per cent of formaldehyde gas is de- 
termined volumetrically, using rosolic acid as an indicator, accordin'^ to the 
equation; 


HCHO Xa.SO, -f H.O — » KaOH 4- XaSO, 4- (H.COH) 
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In llic field it was found llial alisorlier 4 could lie eliminated without seriously 
affecting the results. 

Table II shows the results of the exi»eriinents conducted in a room, the 
known composition of its air being assumed to be 14 jiarls j>er 100,000 of 
HCHO and 0.6 ])arts per 100,000 CnjOlI. This a.ssumption is based upon 
the fact that the possible conden.sation and ad.sorplion of the vapors on the 
walls of floor and ceiling of the rooms and containers are negligible. Another 
assumption is that the rate of diffusion of lhc.se vapors becomes a constant after 
three to four hours. The tests show the effect of the rate of flow of 1 liter of air 
through the system in the iieriod of time designated. All tests were conducted 
with the temperature maintained at 70° F. 

TAiii.n I 


TEST 

TIME 

(MINUTES) 

Aii.soiaiEi: 2 
cigoii (I’.r.jr.*) 

AltSOKUEU .'i 

iiciro (r.E.M.) 

AIlSOKBEIl -I 

iiciio (r.r.jr.) 

1 

5 

Trace 

Trace 

4 

o 

10 

Trace 

Trace 

10 

3 

15 

Trace 

10 

CO 

4 

20 

Trace 

50 

50 

0 

25 

1 

12S 

10 

ot 

30 

1 

llO 

5 


•Pulsations occur because the water ilUl not How frcel.v but In drops, 
tp.p.m. = pares per million. 


TAItbF, II 


TEST 

VOLC-ME IX LITEBS 

ABSORBEIl 2 (I’.r.n.) 

ABSoniiEii 3 (p.r.Jf.) 

1 

1 

1 

130 

2 

3 

1.5 

132 

3 

0 

0 

140 

4 

10 

7 

14S 

5 

12 

c 

150 

6 

15 

7 



Intervals of twenty-five minutes were decided upon for the period of the 
rate of flow. Table II shows the results of the e.\'periments using the rate of 
flow of 1 liter of air for twenty-five minutes under the same previous existing 
conditions and with an increase of the volume of air passing through the 
absorbers before the laboratory tests are performed. 

If the larger volumes of air are used, the intensity of color makes com- 
parison with the standards more difficult to match with accuracy. It was also 
found that some vapors would escape through the aspirator, thus demonstrating 
that under these conditions the solutions in the absorbers had become saturated. 

Table III shows the results of the experiments using the same standard 
conditions previouslj' stated and varying the height of the inlet tube from the 
floor. 

Table III 


TEST 

UEIGUT OF INLET TUBE 
FROM FLOOR IN FEET 

ABSORBER 2 (P.r.iM.) 

ABSORBER 3 (P.P.M.) 

1 

1 

20 

100 

2 

3 

s 

180 

3 

5.5 

3 

160 

4 

7 

1 

80 

5 

10 

1 

30 
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A scaled room with leni])ora(uvc controlled at. 70 ^ F. was used for ob- 
taining results shown in Table ITT. Vapors were introduced at a point as 
near the middle of the room as possible. This more closely resembles conditions 
as found in tlic field analysis. Allliougli most of the material remain at tlie 
floor level, the height wlierc the solutions have a greater tendeney to vaporize 
would be around 5 feet. 

These results show the effect of ditTusion upon the vapors of CHjOII 
and HCHO in the air in a room after three to four hours. The height 5.5 feet 
was selected as the average height of a person present in a work room. The 
results of Table III also demonstrate the percentage of vapors in a room at 
this height where workmen might inhale or come into contact with these 
vapors. 

SUJIMARV 

A simple and reliable method is submitted for the estimation of methyl 
alcohol and formaldehyde vapors in the air, employing the modified Sehiff’s 
reagent of AYright, and having a possible tcelmieal error up to 7 per cent. 
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REVIEWS 


Books and Monographs for Beviow should bo Font direct to the Editor, 
Dr. "Warren T. ■\'aiiglmn. Professional Building, Bichniond, Va. 


A Manual of Allergy* 

'"T^TIE author explains the writing of this book in the ftiet that while there are satisfac- 
lory large texts on the subject for the use of allergists, find while there arc popular 
books through which the layman can understand allergy, there is need for an intermediate 
volume which will serve the medical man whosi; interest is only secondary and who does 
not wish to burden himself with extensive rending of the larger volumes. 

Dr. Cohen’s many important contributions to the subject give to his writings a gcncr- 
filly recognized aulhoritatlveness. 

The book is well written find covers llie subject excelletitly to the extent that gen- 
eral practitioners and nonmedicfil iiersoiis as well eiiii gfiiti a clear understanding of tlie 
processes of allergy. One is left with the feeling Hint Dr. Cohen would hnve done well to 
have enlarged it a little more with detailed discussion of the routines of specific diagnosis 
and treatment. One wlio lins read the book find desires to proceed with allergic studies 
must still refer to the larger voliimo.s. -Allhoiigh it would be desirable to have it all in 
one book, there is jnstifietilion for the antlior’.s idiiii of present at ion, in that those who 
actually wish to use nllcrgie procedures .slionld become aefjnainted with intriciite details 
as well ns with general principles. This certainly should make for better allergic practice. 

In this sense we might consider the present volume fis an Introduction to Allergy. 

An Atlas of Human Anatomyf 

T OLDT’S Athis of Human Anatomy, first published in this country in ]019, has gone 
through two editions find four printing.s. 'J’Jiis no doubt accounf.s in jmrt nt least for the 
surprisingly reasomible cost of tlio latest printing. Tlic volumes consist almost e.xcliisively 
of plates, each of which contains duplicate Datiii and English lonninologio.s. Division into 
two ■volumes makes for easy Iiandling. Although the sequence of jdtitcs is flmt commonly used 
in most anatomies, Ifcginning with bones, joints, anil muscles, tind ending witli the nervous 
system nnd special senses, the sequence continuity is more logical than in some other texts, 
facilitating progression from one area to a neighboring one. Tliis is ospeclally illustrated 
in the muscles of the lower extremities. 


Internal Medicine in Old Agef 

/ NTBUNAL HEDICINE IN OLD AGE can be divided roughly into two parts: the first, a 
short sun-cy of the nature and problems of figing nnd old age; the .second, a compre- 
hensive review of the clinical and diagnostic features and thornpeutic management of those 


•A Manual of Allergy — For General Practitionor.s. By Jliltoii B. Colien. JI.D., Director pf 
tlie Asthma, Hay Fever, and Allergj' Foundation ; Visiting Physician in Allergj', St. AlMis 
Hospital, Cleveland, Ohio. Ciotii, 156 p.ages, S2.00. Paul B. Hoeber, Inc., Medical Book De- 
partment of Harper & Brothers, New York and Bondon. 1911. 

tAn Atlas of Human Anatomy. For studont.s and pliysicians. By Carl Toldt, H-I*- 
Assisted by Professor Alois Dall.a Rosa, IM.D. Adapted to English and American and Inter- 
national Terminologies by M. Eden Paul. M.D. Brux., M.R.C.S., L.R.C.P. Vol. I. New second 
edition containing section.s on Region.s of Human Body, Osteology, Arttirologj-, Myology 
(Figures 1 to 610. and general index to the two volumes), 390 pages. A'ol. II. New secono 
edition containing sections on Splanchnology, Angeiolog>', Neurology, Organs of tlie Senses 
(Figures 641 to 1505, witli appendixes and general index to the two vaUime.s.) Cloth, copyngm 
1919. Reissued in two volume.s, .lunc, 1926. Reprinted January, 1941, Tlie Macmill.m 
Company, New York. 

flnternal Medicine in Old Age. By Albert Mueller-Deha 4 --. 

Physician, - - - ■ pronio Disease (Second Divisioi 

New York ■ Professor of Internal Medicine,_^ ■ 

School, am ' ision, J' I ' ' 

S. Milton . ■ ■ ■ Profe: 

school. Col 'ave) : 

Cloth, 396 pages, ?5.00. A AVjlliam AVOi 
more, 1942. 
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diseases most common in tim late decades of life, as ncll as of diseases more common in 
early years mhicli present special problems in the aged. 

The book should bo of great value to those who desire an introduction to the field 
of geriatric medicine, as well as to those practicing physicians who desire ready Tcfcrcncc 
to the pictures presented by disease in the aged. It i.s simply written and well-documented. 
The authors’ practice of including a liberal nnmber of thumbnail case histories adds inter- 
est to the reading and emphasis to the text, niidcrlining the thesis that diagnosis of disease 
in the aged presents special problems, is not to be nndertakon without mature reneetiou, 
and is, in spite of all, often mistaken or missed. 

Infernal .Ifcdiciiic in Old Anc offers a wealth of thenipciilic suggestions. Kothing seems 
omitted ivhich might bring relief to the i>aticnt. Tlmrc are valuable suggostioms concerning 
nursing technique as well as cheniothorapeiities. The reviewer reconiiiionds tlic book to student 
and practitioner alike as a valuable and timely review of geriatric medicine. 

Clinical Pellagra* 

L IIvE the period at the end of a paragraph this book punctuates an epoch in the study of 
pellagra. Er. Harris starts his discussion with a eomprehensivc historical review of 
the early recognition and incidence of the disease, and the early Iheorie.s as to its cau.sation. 
This makes interesting reading. >io.xt is a summary- of the experimental investigations, 
those preceding vitamin studie.= and the vitamin studies themselves. 

The major portion of the hook is devoted to present knowledge of the etiology, 
pathologj', symptomatology, diagnosis, prognosis, and treatment of the disease. The chap- 
ter on Prophylaxis is especially important. 

Collaborating contributors from the several institutions, especially in the South, where 
constructive research has been carried out, have written chapters on the work done in 
these institutions. 

Here we find in a single volume all that need be summarized concerning pellagra. 


Laboratory Diagnosis of Protozoan Diseasesf 

f^OLOXEL CRAIG'S manual of laboratory methods for the diagnosis of diseases caused 
by protozoan organisms is especially appropriate at the present time when, with 
-American forces in tropical climates, the problem of protozoan infection bids fair to be- 
come extremely important. Somewhat over a third of the book is devoted to amebic in- 
fection and considerable space is also given to malaria. The remainder of the book deals 
With the other common tropical infections, as well as protozoan infestations commonly 
seen in the Enited States, such as the flagellate infections. 

The volnme will undoubtcdlv bo widelv read. 


The Principles of Neurological Surgeryi 

second edition of Davis’ y eurolof/ical Surgery, like the first, contains full discussion 
not only of neurological procedure but also of nenrolo^c diagnostic methods. For this 
reason, it will be useful both to surgeons and to neurologists and internists. 


of ® Professor Emeritus of iledicine, University 

fessOT of .,r'^?sistea by Seale Harris. Jr.. H.D., formerlv Assistant Pro- 

Cofi^° ^ anderbiU Enn-ersity, Bimineham. Ala. -. with Foreword by E. T. Mc- 

the J^ohn? Professor of Biochemistrj-. School of Hygiene and Public Health, 

Company^ Md. Cloth. illu.=trated, -194 pages. The C. V. Slosby 

fHon.l^rTc'’^ ® ?■'' PJ’arle.s Franklin Craig. 3LD.. 

Tjnited States Army Medical Corps. Retired D M 
Ac.ademv Tropical Medicine, yiedical School. Tulane University; Member, American 

v'-mencan Socieri' of Tropical. Medicine, .\merican S^e^^f 
Honorarj ^leniber, American Societv of Clinical Patholoci«t «5 etc Cloth 
■le"pWa!'i 94 ’';;“' engr.avmg.s and 4 colored plates. 349 page.s, $4.50. Lea & Febtger, Phnal 
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Biological Symposia’’- 

niOJjOGICAL SYMPOSIA r-ompriscs four !iyiiipOHiii arranged bj’ llie Council of tlio Anicr- 
ienn Society of Jfiolopeitl Cliemisfs for the CJiicafjo rnoctiiif^ ol the Federation in April, 
1941. Tile followinf; pubjecf.s of current inlerc.'it are discu.xsed by authorities in each field: 

End Product.s of Nitro^jea Aletnbolisni in Flaiit-s; End Products of Xilrogen Afetaho- 
lism in Aninijiis; Aferging of Growth Factors and -Vitainins; 'I'he O.xidation of Branched- 
Chain Fatty Acids; Tlio Orif;in and J{ef;uIntion of Ketone Bodies from Fnt.“; The Anahoii.'^m 
and Function of the Phospliolipids; The Formation of Animal Body Fat. Oxidation 
Catalysts; Phosphorylation of Olycoficn and (ilucose; O.vidoreductions in Carbohydr.ate 
Brealvdown; Pyruvate Oxidation and the Citric Acid Cycle. Choline, the B -Vitamins and 
Fat Metai)olism; The Belalion of Choliiu' to the Kidneys: 'I'he Nature and Significance 
of Choline.sterase: Interrelationshii)s Between Choline and Other Afi'thylated Compounds. 

Textbook of Embryologyf 

NT OT even embryology has reached a static stage in medical science. .Iordan and Kin- 
1 ’ dred ’s fourth edition lias quite a number of changes from the third edition. New 
subjects include embryonic hormones, the in vitro devoloiiment of mammalian embryos, trans- 
plantation. and extirpation exiicriments designed to rer-eal difTerential potencies of different 
portions of the blastoderm, results of administration of growth and sex hormones, and re- 
sults of restriction of vitamins. There arc 7S new illustrations. 

The Conquest of Bacteriat 

A “ POPUL.-Mt ” exposition i.s The ('niujiivxl of Iltirti rin. which mm be commended for the 
general reader, especially because, as st.aled by Sigi'rist in the Foreword, it tells the 
story of chemotheraiiy in simple and sober term.s. It is interesting and informative. A 
safe book for the public. 

A Manual of Endocrine Therapy§ 

' I 'BE Manual of Pndorrinr Tlicrapi/ might at first glance give the impression that the author 
-f is unduly optimistic about the results in too wide a variety of maladies. In the Suniniary 
of Therapy, Chapter 15, wo find such subjects as jicne, dysmenorrhea, enuresis, frigidity, and 
homose.xualism, with ;i listing of the ajijirojiriate emlocrine medications and dosage. However, 
when one turns to the body of the small book he finds that Dr. Cinberg's discussion of these 
and similar subjects is adequately critical. In other words, in the summary he presents the 
recommendations of others, many of which he himself has found to bo unwarranted. This is 
a handy, quick reference manual for therapy which can be well recommended. It is unfor- 
tunate that there has been an error in the index so that in most cases the subject referred to 
appears on the page following that indicated by the index. 


•Biological Symposia. Bdited by Howard B. Lewis. Professor of Bioloeical ClieaiistO'. 
University of Jlichigan. Vol. V, 247 pages. Tlie Jaquos Cattell Press, Lancaster. Pa. 

fTextbooK of Embryology. By Harvey Ernest Jordan, M.A., Pli.D.. Sc.D.. Professor of 
Anatomy and Director of tlie Anatomical Laboratories. University of X'^irginia .- and James 
Ernest Kindred, M.A., Ph.D., Professor of Anatomy, University of -\'-irginia. Clotli, ed. 4, 
613 pages, $6.75. D. Appleton-Century Company, Inc., Now York and London, 1342. 

JTlio Conquest of Bacteria. From Salvars.an to Sulpliapyridine. By P. Slierwood Taylor. 
Foreword by HeniT E. Sigerist. Clotli, 178 pages, $2.00. Pliilosopbical Library, New fork. 
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SYMPOSIUM ON WAR MEDICINE. 1. 


Guest Editorial 


THE PROFESSION’S WAR RESPONSIBILITY 


CoLOXEL JA1IE.S JI. Phalex, Editor, The JIilitary Subgeox 


TT Was ^vith a sharp note of dissatisfaction and of warning to the medical 
1 profession of the countr\- that ilr. Paul V. IMcNutt, Chief of the War ilan 
Po^\er Board, spoke to a session of the American jMedical Association at its At- 
lantic City meeting in June, 1942. In direct and unequivocal terms he stated 
that the voluntary’ progi'am for meeting the medical needs of the armed forces 
and of mar industries had been a failure, and that unless the plan pi’oduced 
greatly improved results within a short period “a more vigorous plan,” pre- 
sumably the draft of medical personnel, would have to be put into operation. 

Following the statement that the needs of the Army and Na^w for medical 
officers were not being met, he said that it was apparent that the “careful safe- 
guards that had been set v\p by the Association’s Procurement and A.s.signment 
• ervice had slowed down the rate of recruitment of doctors for the ser\iees. 
f this be indeed so, it is an example of a miscarriage of well-laid plans. The 
program for procurement and assignment was the result of diligent and well- 
comsidered planning by thoroughly competent men. It w'as calculated to feed 
roe leal officers into the armed serriees as they were needed, to proride skilled 
a tendance to workers in the war industries, and to guarantee that the civilian 
popu ation should not be deprived of medical attendance. The functions of the 
agency were of necessity decentralized, the unit of administration being a state 
ward Why these theoretically perfect plans have not produced the results ex- 

Sfof'thf elaborate upon his general indiet- 
lent of the careful safeguards of the Association progi-am The criticism 
'-uld indicate an undue solicitude for the wants of the civil population 
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Tlic speaker cliarfjcd a marked difl'crencc in llic onllinsiasm of doctoi-s for 
voluntary service between the var of li)]7-19tS and the j)resent conflict. Tlie 
fijjures that lie gave for voluntary inductions into tiie service.s duriii" comparable 
periods of tlic two wars, if they could he accepted as wliolly valid, would coii- 
stitutc a keen indictment of the jircsent Generation of jiliysicians. But condi- 
tions were by no means the same and really .insl comiiarisons ai'O not possililc. 
There have been, however, very eonvincinir evidences of reluctance of eligible 
physicians to enter the military .service.s. The lowering in 1940 of the draff age 
from 34 to 2S years was quickly followed by a marlced droj) in voluntary induct- 
tions of ])hysicians who would otherwise be subject to the draft. The restora- 
tion of the former age limits acted as a distinct spur to recruiting. 

We cannot question Jlr. itleXntt s statement that recruitment of the med- 
ical profe.ssion had not been .satisfactory, lie .said that 0,000 additional doctors 
were needed before the end of Juno, 1942, and 20.000 more before the end of 
the year. These figures give a vivid jiicturc of an acute recruitment problem. 
The c.stimate was made that it would lake one-third of the physicians of the 
country to meet the needs of the armed services and that this would embrace 
two-thirds of those under the age of 45 years. 

Dr. Fred W. Rankin, the incoming president of the A.ssoeiation, could onl.v 
agree with the main items of crilici.sm and that the i)rofc.ssion bad a definite re- 
sponsibility in the allotment of its .services in this time of emergency. He cited 
the ])rogress that was being made in bringijig back into active jn-actico a great 
number of retired or semiretired physicians, thus making possible the release for 
military service of man.v othorwi.se indi.spen.sable jii’actitioners of younger yeai'S. 

The basic fact is that there are not enough doctors in the country for es- 
sential services. Like sugar and gasoline, they must needs be rationed. The 1a.sk 
of this rationing was assigned to the Procurement and A.ssignmcnt Sendee, 
which is now under criticism. The voluntary features of Ibis plan will be fol- 
lowed until they arc found definifcl.v lacking. Only then can we look for the ra- 
tioning to fall into other hands and the “more vigorous plan” put info effect. 



THE ROLE OF CONT13iIPORARY MEDICINE IN THE 
CURRENT WAR EFFORT 


Lieut. Col. Joseph Rooers Darxall, j\r.C., U. S. Army 


A S CWILIZATION staggers painfully through the kaleidoscopic tragedy of 
t another World War, the charactcr.s in this great drama emerge and assume 
their destined roles, hledieine is honored with an heroic hut difficult part in 
this colossal play, and proper performance is e.sscntial if the Axis villain is to 
be destroyed and the drama is to end happily. 

This is hy no means the first time that medicine has served humanity by 
playing a heneficient part in the promulgation of war. Since the days of Moses, 
the first great sanitarian, civilizations have risen and fallen as a result of the 
influence of disease upon militai’v campaigns. 

IVhile inventive genius throughout the ages has perfected deadlier weapons, 
so also the minds of men have devised more effective protective measures to pre- 
sen-e the human race. The ever-increasing strength of scientific medicine pro- 
vides a powerful bulwark against the rising tide of destructive warfare ivhich 
is sweeping over the world today. 

It is not my intention to review the medical accomplishments of former 
years other than to mention briefly a few of the outstanding achievements since 
1914, and then to outline the contributions that are now being made by medicine 
toward the successful prosecution of the war. Many medical contributions to 
the current war effort would be impossible were it not for the advances in medi- 
cine which occurred during previous military conflicts or as a re.sult of them. 

During Kaiser Wilhelm’s bloody hid for immortality in those hectic years 
of 1914-1918, preventive medicine climbed to new heights. Standardized meth- 
ods of controlling and treating venereal diseases, initiated by the United States 
Army in 1909, were developed on a large scale in 1917. The undisputed value 
of typhoid vaccine and of tetanus antitoxin was established beyond doubt as a 
result of the experience of World War I. The cause of that great loase-bome 
scourge, trench fever, was discovered, and the control of this important war 
disease which sapped the fighting strength of great armies was accomplished. 
Following the Armistice, the determined attack of American medicine on tj^phus 
fever in Serbia and Poland demonstrated the u.sefulne.ss of intensive educational 
campaigns as a means of controlling communicable disease. 

The first World War also stimulated progi-e.ss in air-conditioning, in rat- 
proofing, and in aviation medicine. In general, there was an enormou-sly in- 
creased dissemination of knowledge eoneei-ning hygiene and sanitation, and 
a healthy expansion of clinical activities in the field of public health followin'^ 
the Armistice of 1918. 
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Internal medicine gained ground as a result of experience acquired on the 
battlefields and in the hospitals and laboratories a quarter of a century ago. 
Extensive investigation of respiratory di.scase.s ivas stimulated by the pandemic 
of influenza. As tlie years unfolded, the laboratory segregated and subdivided 
the numerous pneumococcus pneumonias. During World War I a therapeutic 
antitoxic serum was develojied to combat the di'caded gas gangrene. The prob- 
lems and vast experience of that war spuri'cd neuropsychiatry to greater knowl- 
edge, and better care for the victims of ]»ermanent p.sychoses was encouraged. 
Fever therapy of ncuro.syiihilis was inaugurated when the malarial blood of 
two “shell-shocked” Oerman soldiers was injected into the veins of paretic 
patients with encouraging results. 

“Functional” disordei-s of the heart and of the neurovascular meehani.sni 
became conspicuous during the war. Eater, as time relentlc.ssly rolled by, 
veterans with degenerative cardiovascular disease ])rc.sentcd themselves for 
treatment at government hospitals in ever-increasing numbers, thus focusing 
attention on those “middle-age” maladies wliich have made the profession more 
‘ ‘ coronary conscious. ’ ’ 

Little need be said of the well-known contributions of World War I to the 
advancement of surgery. Battle casualties provided a vast clinical material 
which resulted in im])rovcd surgical knowledge and technique. ^Mention should 
be made, neverthelc.ss, of the improved management of orthoiiedic eases, the 
Orr method of treating compound fractures, revival of debridement, and de- 
velopment of the Carrcl-Dakin technique. The war gave birth to thoracic 
surgery and produced improved treatment of emjiycma, shock, osteomyelitis, 
and septic arthritis, to say nothing of the great gains made in facioniaxillary 
and plastic surgery, or of improvements in the suturing of blood vessels and 
nerves. 

Pln’sieal therapy and occupational therapy were infused with life and be- 
came useful adjuncts of orlho])edic.s and neuro]).sychiatry during and following 
the Kaiser’s war to impose Teutonic Kultur upon an unwilling world. 

It cannot be denied that military resistance to German aggression in 1911 
also brought contributions in the field of medical organization, education, and 
literature. The examination of conscripts then, as now, drew' public attention 
to the lack of phj-sical and mental fitness and focused thought on the interre- 
lated problems of medicine, economics, and sociology. The war showed medicine 
the value of teamwork and logical division of labor, so that specialization de- 
veloped and group practice flourished when peace came. 

Although much may be said concerning the contributions of war to the 
advancement of medicine, we arc at present more vitally concerned with what 
medicine can contribute to successful prosecution of the war and a United Na- 
tions’ victory. 

With justifiable pride it may be pointed out that the medical departments 
of our armed services were not caught najiping when the Japanese struck at 
Hawaii and the Philippines on Dee. 7, 1941. Long- before that fateful date 
medical plans had been laid and preparations made to meet such an eventuality. 

The advent of selective service training in 1940 signalized important de- 
velopments in the mobilization of American medicine for war. Tliese develop- 
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ments may be briefly sumniarized as follows; Befrintiing in Jnnc, 1940, at the 
request of the Sur;;cons (Jeiioral of the Army, Navy, utuI Public Health Seinicc, 
the American illcilical Association uiulorlook a .survey of tlie phy.slcian.s of the 
United States, with special reference to tiieir {lualifieations and availahilitA . 
This was accomplished under the direction of the Committee on Medical 1 le- 
paredne.ss of the America?) ^Medical As.socialion. 

A total of more than 185,000 phy.sicians received questionnaires from this 
Committee and by Ja??. 2, 1942. more than 158,000, or nearly 86 per ee?it, had I'C- 
turned them. Considerin'! ti?e ;ivei-airc physieiati's instinctive avoidance of 
paper woi’k and hostility to quest ionnaii’cs. this response of the profes.sion was 
indeed a tribute to the cooperative spiint of Anrerican medicine in furtheiang 
, the war effort. 

Thus the foundation was laid for the e.stahlishment of the Procurement and 
Assignment Service for Physicians, Denthsts. and Veterinarians on Oct. 30, 1941. 
This seiwiee, which is now under the War ^Manpower Commission, was estab- 
lished by the President as one of the subdivisions of the Office of Defense Health 
and Welfare Service. Another .subdivision of the Office of Defense Health and 
Welfare Sermce is the Health and IMedical Committee, which occupied ad.ioin- 
ing offices and collaborated closely with the Procurement and Assignment Serv- 
ice. This Health and Medical Committee Avas first establhshed on Sept. 19, 1940, 
by the Council of National Defense, “to ad\nse the Council of National Defense 
regarding the health and medical aspects of National Defense and to coordinate 
health and medical activities affecting National Defen.se.” 

When, on Sept. 3, 1941, the President set up the Office of Defense Health 
and Welfare Service with iMr. Paul V. McNutt as Director, the Health and 
Medical Committee was transfen-ed to that office. This committee deals with 
the more general aspects of medicine's participation in the war effort through 
its subcommittees on Dentistrv*, Hospitals, Industrial Health and Medicine, 
Medical Education, and Negro Health. 

One of the first agencies to a.ssist the Surgeons General of the Army, Navy, 
and Public Health Serriee m the current war effort was the Division of Sledical 
Sciences of the National Research Council of the National Academy of Sciences. 
More than 40 committees and suljconunittees, covering practically eveiy field of 
medicine, were organized in 1940. These committees included more than 200 
physicians, eminent in their various specialties. 

Tlie National Academy of Sciences was established by President Lincoln in 
1863, under a Congressional chai'ter which stipulated that the Academy, when- 
ever called upon, should advise the government on any subject of science or art. 
It is significant that the need for such a scientific advisorv- body was keenly felt 
as long ago as the VTar Between the States. 

Tlie National Research Coimeil of the Academy is composed of nine di- 
' isions, one of ivliieh is the Division of Medical Sciences. No less than 17 na- 
tional societies of medicine and allied sciences are members of the Division of 
Medical Sciences. 

The Division of Medical Science committees of the National Research Coun- 
cil do not duplicate the activities of the Health and Medical Committee of the 
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Defense Health and Welfare Service. Tlic latter covers tlic more general aspects 
of health and national defense, wliilc the National Ecsearcli Conneil committees 
are called upon, as qnasi-govornmcntal agencies, for special professional advice 
and research. 

Anticipating the likelihood of disease epidemics arising as a resnlt of mili- 
tary mobilization, tlie Surgeon General of the Army, on Dec. 27, 1940, proposed 
the establishment of a "Board for the investigation and tlic control of influenza 
and other epidemic diseases in the Army.” Tlie creation of tliis board was ap- 
proved by the War Department on .Ian. 11, 1941, and the Surgeon General pro- 
ceeded to organize the board by the assignment of a number of distinguished 
civilian consultants, eaeli ap])ointcd l)y the Secretary of War. 

The board is comi)osed of (1) a central advisory group of seven members 
and (2) eight itivestigative commissions eoncernod ])rimari]y with the follow- 
ing eight problems; influenza, meningitis, measles, ncurotropic virus diseases, 
streptococcus discase.s, cjndcmiological survey.s, i)neumonia, aTid cross infections. 

It may properly be deduced from the afore-mentioned steps to insure col- 
laboration witli tlie best civilian medical talent, that the medical departments 
of the armed services were keenly alert to the need for medical preparedness. 
The response of the profc.ssion in cooperating with the militar.v by early or- 
ganization of useful medical agencies to assist the j)rcj)arednc.ss program has 
been excellent. 

The role of conlemiiorary medicine, however, is not confined to civilian par- 
ticipation in the current war efibrt. It embraces also the organization and 
activities of the medical departments of our armed forces, which arc primarily 
concerned with furnishing medical service to the Army and Navy. The mission 
of the.se medical departments is ‘‘to conserve fighting strength,” and ‘‘to keep 
as many men at as many guns as many days as possible.” 

The principal part ])layed by medicine in the first act of the drama of war 
was the selection of suitable military personnel by e.xeluding from the armed 
services the physically and mentally unfit. This called for the formulation of 
appropriate physical standards, and the judicious inter])rctation of these stand- 
ards by the thousands of physicians, civilian and military, who were called upon 
to accept or to reject volunteers for enlistment and selectees for induction. 

In the second act of the military drama, medicine plays the part of a guard- 
ian angel. In this role, through the application of modern principles of sanita- 
tion and disease prevention, medicine protects against pestilence and strives to 
keep the military personnel, as well as industrial workers, in good physical con- 
dition. 

In the third act of the war drama, tragedy is the keynote, and medicine ap- 
pears as the healer of wounds and disease. The unfortunate participants, mili- 
tary and civilian, who become disabled must be furnished with such aid in the 
form of evacuation and hospitalization as will speedily restore them to health 
and fighting efficiency, so that the show may go on to the fourth and final act in 
which medicine assumes another major role in the rehabilitation of the disabled 
and in the reconstruction and stabilization of civilization. This last act is inter- 
minable and the curtain is never run down ! 
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If jVmerican incclicinc is to nceomplish its wartime mission, physicians must 
make great sacrifices as in 1017-1018. Since Pearl Harbor many medical vet- 
erans of World War I have developed “itching feel” and have been clamoring 
for another “hitch’’ of active duly. Han}’' of them are now in uniform, and 
otliers, whose patriotism is unassailable, arc “chafing at the bit.” But active 
military service is largely a yomifj man’s game, and most of those who did their 
bit so magnificently in World War I, ivJicn ihcij were young men, may no'w 
serve their nation best by guarding the home front. 

^Meanwhile, let the young pluvsicians continue to come forward and fill the 
many positions in M'hicli their services arc .so sorely needed in the Army. These 
positions include not only professional a.ssignmcn1s in hospitals and dispensaries, 
but also duties with tactical units. In time of combat each military unit the 
size of battalion or larger must be served by medical officers. 

Field medical service, to be effective, requires adequate personnel to man 
the aid stations and unit dispensaries; to supcrvi.se evaeiiation of casualties; to 
c.stablish and render professional service at collecting stations and clearing .sta- 
tions; to staff mobile surgical hospitals, evacuation hospitals, convalescent hospi- 
tals, field laboratories, and field medical supply installations. 

Behind the combat zone in theaters of military operation, as well as in the 
zone of interior, medical men are needed at air fields, on hospital train.s, at sta- 
tion haspitals, general hospitals, convalescent camps, dispen.saries, ]aboralorie,s, 
medical supply depots, and training centers; and to form medical personnel re- 
placement pools, as well as for service with medical detachments a.s.signed to 
tactical combat units. 

The wide dispersion of our Amy throughout the world requires proportion- 
ately more medical personnel than rvould be needed if our troops rvere con- 
centrated in one principal theater of military operations, .such as occurred in 
World War I. It is the re.sponsibility of American medicine to see that these 
necessar}’- personnel arc made available. 

The role of contemporary medicine in the current war effort is, indeed, a 
role of utmost importance which carries a responsibility of great magnitude. It 
calls for the maintenance of the health of civilian populations, c-specially in- 
dustrial workers, and it demands adequate care for the health of our Army and 
Nav}’ at home and abroad, for this is a war of annihilation or survdval. Without 
eonscn’ation of our fighting strength we cannot hope to prescr\'e civilization. 


TJIE ARJIV’S ]\IE 1 ) 1 CAL FIELD SERVICE SCHOOL 
ANT) ITS WAR TRAINING OF IREDICAL OFFICERS 


Colonel Edoau Ek.skine Hilme, SIirmcAL Coui'S, U. S. Ainiv 

C'AKLISt.E BaKUACKS, Pa. 


T he most extensive jind most important work in tlie 1 1-0111111" of American 
medical ofliecrs for field duty in tJie present war is beiii" done at tlie ^Medical 
Field Service School at Carlisle Barracks, Jhi. At one of the Army’s oldest and 
most historic posts there are heinir trained thousands of medical, dental, 
veterinary, sanitary, and medical administrative officers for the greatest war 
effort our country has ever had to jnil forth. I'lider the. i)rc.ssure of nece.ssity, 
the efforts of a faculty of selected officer instructors arc bent toward giving as 
much field training to as many officei-s as the military situation permit.s. Ve 
have many medical men in service. We need many more. Training goes on 
without cease, for there is ever the consciousness that no amount of money, no 
gifts of a generous and frightened Congre.ss can buy us yesterdays. We have 
everything now needed to create a winning Army, save time. But even without 
as much time as wo should lilce we can do great things with the fine officers and 
men who are fiocking into the Army's Medical Department. We can overcome 
even the handicap incident to curtailed periods of instriuition and turn out the 
men who will play the Jfedical Department’s role in the winning of the victory. 

WHY SHOULD AN AU.MY HAVE .UEDICAL OEEICER.S AND MEDICAL .SOLDIICRS? 

An unthinking iicrson may feel tliat the only duty of a medical officer of 
the Army is to treat the sick or wounded man when brought to him for that 
purpase. Were this true, the Army u-ould need no medical service at all. H 
would merely be neee.ssary to employ civilian jibysicians and surgeons from time 
to time whenever and wherever needed. It is to be feared that some medical 
men otuside the military service are of this opinion. 

But, unfortunately, it is not so simple. The iMedieal Department has many 
functions, all of which grow out of its great task To Conserve Fighiing SfrcngCi 
— ivords which constitute tlie motto of the Jlcdical Field Service School. It is 
our dutj' to select for the military service only those men who are physically 
fit for the duties expected of them, and thercuiion, having admitted them, to 
keep them fit. Preventive medicine, in other words, is more valuable to the 
Army than is curative medicine, important though the latter is. Wars are won 
by men and not merely by machines. No matter how highly developed become 
our airei’aft, our tanks, our submai-ine.s, and the i-est, it is the human factor in 
the end that wins or loses wars. 

Morale is an intangible tiling, but one of supi-eme significance to the soldier. 
It is like the temper in the Damascus blade. Soldiers with high morale win 
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through to victory. Sokliei-s of poor morale have lost the battle before it begiirs. 
This is especially true of the officers, for officers with low morale cannot inspire 
their men to do deeds of military valor. Everyone know.s the old adage that 
an army of lambs led by a lion is better than an army of lions led by a lamb. 

All this is by way of stre.s.sing the importance of the Jledical Department 
in the maintenance of morale. Fighting men must feel that if they are wounded 
or ill they will receive adequate medical care. They arc encouraged and 
heartened by the knowledge that the medical soldier and the medical officer will 
accompany them right into action. There Ls no place that the infantryman 
goes, for instance, that the medical .soldier does not go. Officer’s of the line 
have a way of telling their men that when frightened — and all soldiei-s are 
frightened at times — it is a good idea to fire in the direction of the enemy. Some- 
how this renews courage. It is the good old American spirit of striking back. 
Even though the riflemen may know that the chance of his hitting one of the 
enemy is small, he is nonetheless cheered by his ability to strike a blow. 



Fig. 1. Hof£ Hall, Medical Field Ser\’ice School. Carlisle Barracks, Pa. Principal academic 
building. (Photograph by U. S. Army Signal Corps.) 


But the medical soldier cannot do this. He is unarmed. His task is to 
care for the wounded men in action; he has no rifle "with which to fire at the 
enemy. Only imder rare conditions are medical soldiers armed; only, in fact, 
under the Geneva Convention, when it is necessaiy for them to defend woimded 
in their care. It takes a high order of courage for the unarmed man to stand 
up under the fire of the enemy and hold his ground. But that is exactly what 
our medical soldiers have always done. 

Thus not merely from the humanitarian side is the iledical Department of 
le United States Aimy needed. As a morale buUder it is a positive asset to the 
mmander-in-Chief. All this is taught the students at the Medical Field Seiw- 
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ice School, but it is nil predicated on our havin'' llioroughly trained medical 
officers and men and military as Avell as medical traininjr. 

CAKLlSbK JJAKKACKS XOT A lU'.FnACICMICXT CICXTiat 

The Medical Field Service School, Carlisle Barracks, is not a school for the 
training of medical soldiers; that is, enlisted men of the Army ]\Icdical Bepart- 
ment. Its job is essentially one of training ^Medical Department officers, though 
a short coiu-se for selected noncommissioned officers is otTered annually in time 
of peace. There are conducted, also, cla.sscs for enlisted Sanitary Technicians, of 
approximately one month each. 

The task of Carli.sle Barracks is “train the trainers.” IMany officers trained 
there are sent to the Beplacemcnt Centers whci’c they assist in training the 
enlisted men. The Army maintains several such training centers; Camp 
Pickett, Virginia (formerly at Camp Lee. A'irginia) ; Camp Grant, Illinois; 
Camp Barkelcy, Texas; and Cam]) .Toso])h T. Bohinson, Arkan-sas. 

TIIF. MF.DICAU DKI’AKT.MF.XT ’S RF.COUI) IX Till', FlU.ST WORIA) WAR 

One may .iudgo the future only by a knowledge of the pa.st. We are 
engaged Jiow in the most stupendous struggle that our land lias ever knomi. 
Everything that wo arc and everything that we have is at stake. We at the 
iiledical Field Service School are bending our every effort to impress upon 
the officers and officer candidates who take the various courses of instruction, the 
fundamental fact that they form an e.s.sential cog in the mighty military machine. 
They have before them the record of our service in other wars, particularly the 
finst World War. Here are a few .significant facts pertaining to that war; 

The first Aincricnn wounded wn.s a Captain of tlio Jicdienl Corps; tlio second was an 
Army nurse. Tlie fir.st American killed was an enlisted man of the Medical Department. Me 
have named one of our buildings Tugo Hall in his honor. The first American Army unit to 
roach Europe was a medical unit. The last to leave when wo withdrew from the occupation 
of Germany was a medical unit. One may see the flags of these two units hanging side by 
side in the Army !Medical Museum in Washington. Our battle death rates were higher than 
those of the Aviation, Cavalry, Engineer.s, Ordnance, or Quartermaster Corps. Tliose with a 
higher percentage than ours were the Infantry, the Tanks, the Artillery and the Signal Corps 
(the last but a fraction higher than the Medical Department). 

These facts are eloquent. Tlie.v .show that while the IMedical Department is 
what is sometimes called a “jioneombatant service” (a misnomer for there is 
no such thing as a “noncombatant” in modern war), we, nevertheless, bear our 
proportionate share of danger. The missiles of the enemy do not discriminate, 
and the wearing of the red cross of the Geneva Convention is scant protection, 
as the foregoing data show. It must be remembered, too, that the soldiers with 
medical training go forward with the first elements of the advancing troops. 
And in withdrawals, some of which occurs in all wars, it is tlie medical unit that 
is the last to leave. Its dutj' in the place of danger is long. 

MILITARY MEDICINE IS A SPECIALTY 

Military medicine is a definite specialty, just as is ophthalmology or any 
other branch of medical science. It has its literature, its special practitioners, 
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and its clliies. It also lias its handicaps, particulavly one which docs not affect 
any other medical specialty. This handicap is that in the past there lias ever iicen 
a tendency for military medical ofTicei-s to forget the lessons learned in the 
fierce light of ivarfarc. Then, when once more war comes upon us— for there has 
always been a “next” M-ar— it is necc.ssary to learn military medicine ancM’, 
again in the hard way. The only practitioners of military medicine available 
have been the memhei-s of the small Hfcdical Corps of the Regular Army and the 
medical officeis of the National Guard and the Organized Reserves. These 
offieei-s have been few, indeed, compared to the great number needed for M'ar 
duty. 



, 2. — Bronze plaque in honor ot Colonel Hoff. Placed within Hoff Hall, this tablet bj- 

yie Oorham Company recall.s a gallant medical ofBcer’s great contributions to training for field 
ser\’ice. 


DEVELOPJfEXX OF SCHOOLS OF THE ARMY MEDIC.VL DEPARTMEXT 

Nearly eighty years ago a wise Surgeon General, AYilliam Alexander Ham- 
mond (1828-1900), conceived the idea of forming an Army medical school in 
Washington, at which medical officers of our Aimy might receive preliminarj' 
instruction to fit them for their duties. He realized, as have all medicomilitarj’ 
administrators, that the medical officer needs something in the way of trainin» 
m addition to what he is taught at his medical school. Hammond went so far 
uith his hram child as to select the professoi-s, prepare the classroom.?, and 
outline the curriculum. But his plans were disapproved by the Secretan- of 
N ar. ilr. Stanton, who was his bitter pensonal enemy, finally had him tried 
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by court martial on a technical elmi-frc that resultcil in his dismissal from tlie 
service. Years later Hammond was exonerated, but the Army i\rcdieal School 
had to await the advent of a more liberal Secretary of War, 

Thirty years passed and the Surgeon General Avas the. brilliant George 
Miller Sternberg (1838-1915), America’s pioneer bacteriologist. Sternberg was 
more fortunate in the Secretary of War under Avhom he served, for i^Ir. Lamont 
approved of his plan to create the Army Itledical School, so that in 1893 that 
institution came into being. It continues in its highly useful and i)rotean work, 
filling a place that no other American institution occuiiies. The late Profc.ssor 
William Henry Welch (18.')0-1934) had a basis for calling it “America’s olde.sl 
school of preventive medicine.” 

The Army ^Medical School has always given its students si)lendid training 
in certain techniques not ordinarily stressed, oi- considered only briefly, in the 
average medical school in the United Sla1c.s. Sucli Avork has included tropical 
medicine, helminthology, protozoology, adA’anced ophthalmology, and .so forth. 
There used also to be found time to giA-c a little practical instruction in drill, 
in equitation, and in field exercises. Such jAractical AA’ork Avas given in the 
gi'ounds of the Walter Ilecd General Hospital or at h'orl Myer. The Army 
Medical Center Avas not then contcmi)latcd, for the Army Jledieal School AA’as 
miles aAA’ay from the Walter Reed General Hospital, usually in rented quartens 
in doAvntoAvn Washington. Those arrangements Averc in efl'cet until the end of 
the first World War, 

In that great conflict medical officers once more learned military medicine, 
this time on a large scale. Contacts Avith medical officers of our allies, duty in 
far distant and hitherto unluioAA'u .sccne.s, and highly specialized AA’ork, all had 
their broadening effect on American medical officers. When the AA-ar came to an 
end AA'c had a highly efficient group of mcdieomilitiiry specialists in the Army. 
Then the huge army — at least it Avas huge by first World War standard.s — Avas 
demobilized. The Regular Army returned to its small size. The National Guard 
AA'ent back to the several States, and the Organized Reserves once more attempted 
to maintain a paper army and keep it trained Avilh occasional periods of aetiA’e 
duty in the summer, ncA-er more than a fortnight in extent. Had there been 
no other plan deA'ised for kee])ing aliA'e the lc.ssons of military medicine bought 
at the cost of blood and human suffering, avc Avould have been once more Avith- 
out any preparation aa’Iicii the .second World AVai- came u])on us. But once more 
an able Surgeon General saAV a Avay not only to keep alive AA'hat had been learned, 
but also to add to this sum of knoAvlcdgc. That officer Avas Major-General i\Ier- 
ritte Weber Ireland. 

Surgeon General Ireland realized that thorough as Avas the training at the 
Army Medical School, that as essential as it is to the equipment of every medical 
officer of the United States Army, something more Avas needed. Fortunatel.v for 
General Ireland’s plan and fortunately for the Jledical Department of the 
Army, there Avas already under the direction of the Surgeon General an ancient 
military post Avhich Avas exactly AAdiat AA’as needed. This AA'as Carlisle Barracks, 
in the toAvn of Carlisle, in the fertile Cumberland Valley of Pennsylvania, a 
hundred miles or so north of Washington, Carlisle Barracks AA’as being Aised for 
General Hospital No. 31, devoted to reeonstruction of disabled soldiers. It Avas 
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ideally located and all tliat was needed was for it to be turned over to the 
Surgeon General for permanent use as a training school for field duties of medi- 
cal officers. 

Accordingly, General Ireland addressed the following letter to the Secretary 
of War, through the Adjutant General of the Army : 


“tVar Department 
Ofliee of the Surgeon General 
Washington 

April 2S. 1920 


“From; The Surgeon General. 

“To: The Adjutant General. 

“Subject: Medical Department Field School. Carlisle. Pa. 

“1. I request that the TT. S. Military Ke-servation at Carlisle. Pennsylvania, be per- 
manently assigned to the Medical Department for use as a field school. Such a special service 
school is an urgent need in order that this department may comply vrith the policy an- 
nounced in paragraphs 14, Id. 1C, 20 and 30, G. O. 112. IV. D., 1010. 

“2. Facilities including construction exist at this po.^t -svhich may be converted to our 
needs in field training. Within two days by marching the prepared camp sites of the Gettys- 
burg field are available. The use of adjacent mountain terrain for exercises has been offered 
to the Medical Department by a local townsman. The climate at Carlisle is such that alterna- 
tion of season is found without undue extremes of heat and cold. The indoor season to be ex- 
pected does not exceed three months. 

“.3, The need for the hospital at Carlisle will ultimately cease and the organization there 
will be listed for abandonment. If I understand correctly the use of this old post is not in- 
cluded in any General Staff plan for the future. I have considered, therefore, that the reserva- 
tion could become available immediatel.v and that there is no obstacle to its assignment to the 
iledical Department for field training' purposes. Anticipating ashing for a decision in this 
matter I have had made a preliminary survey of the site as to its suitability for this school. 
The results of this survey indicate that the selection will be an excellent one. 

“4. It is my desire to have this school available about June 1 at which time a number 
of reserve officers and the present class of the Army Medical School would constitute the first 
class. In view of the urgency of this matter and the need of making arrangements for the 
abandonment of the hospital the earliest possible action is requested. 


M. W. Ireland. Surgeon General, IT. S. Army. ' •* 


The Adjutant General of the Ai-my. acting for the Secretary of "War, in- 
dorsed the letter, under date of ^lay 15, 1920 : 

“1. Upon the discontinuance of the United States General Hospital Wo. 31, the Mescal 
Department is authorized to utilize for Medical Field School purposes the Carlisle Barracks 
Military- Beservation, Penua.. and the acreage adjacent thereto now occupied and controlled 
hy the War Department bv virture of permit from the Secretarv of the Interior, dated August 
22, 1918. ■ - r 

“2. Tlte expenditure of fimds by the Medical Department for the benefit of U. S. 
General Hospital Wo. 31, or the proposed Medical Field School, will be confined as closelv as 
practicable to the territory contained within the boundaries of the Carlisle Barracks Mili'rarv 
Beservation: 

By order of the Secretary of War: G. H. Davis. Adjutant General. 

Thus was bom the Army’s most important training center for medical 
officers in time of war. It has more than twenty -two yeai-s of efficient work to 
its credit and it has amply justified its inception. The post at which the Aledical 
Field Service School was established is one of the oldest and most historic mili- 
tary reservations in oiu- country. It merits a brief discussion of its histoiy. 

HISTORY OF C.VRUSLE B.VRK.VCKS 

Carlisle Barracks was established in 1T5S by the British Amiv. as sliown 
h.v the “Militaiy Papere" of Colonel John Stanwix, in the Briti^ iluseum. 
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Stanwix was tlie first commanding officer of tin's jiost, established during the 
Seven Years’ AYar, wliich was known in America as flic Frencli and Indian War. 
The Briti.sh and Colonial troojis occupied the iire.sent post during the long- 
continued hostilities witli the Delaware Indians and other ti’ihes. During the 
American Revolution, the Continental Army used Carli.sle Barracks as a depot, 
and from tlicre supplies and munitions Avcrc distributed. Ilc.ssian jirisonei-s of 
war built the stone guardhouse at Carlisle Barracks; it Is still standing and wa.s 
until recently used for the puriiose for which it was constructed. A School of 
Artillerists, probably the fir.st school in the history of the United States Army, 
was establi.shed at Carli.sle Barrack.s, 1778. 



Pip. 3. — Temporarj" bulldlnRs at tlie Modlcal Field Sei vice Scliool. Tlie.'ie are a few of 
tlic bullclinps for classrooms and barracks used for the accommodation of the larpe classes for 
offleers and ofbeor candidate.s at Carlisle Barracks, Pa. 


American independence achieved, Carli-sle Barracks was in the charge of 
the Ordnance Department of the Army, with the added function of being a 
recruit depot. During the AA^'liisltj- Rebellion, in 1791 and 1792, President AA’'ash- 
ington sent an expedition, commanded by “Lighthoi’se” Hariy Lee, father of 
General Robert E. Lee, against the four rebellious Penn.sylvania counties. Carl- 
isle Barracks was appointed the rendezvous for the Army. Some 10,000 to 
15,000 troops were encamped on “the extensive common at Carlisle.” President 
AYashington came himself to Carlisle in the crisis of the rebellion, which was 
finally settled without bloodshed. At the time of the AA^ar of 1812 the old build- 
ings used for the manufacture and storage of powder and shot during the 
Revolutionary AYar were reconditioned for the same purpose. AYlien this second 
war with the mother countiy was at an end, a garrison, including both infantiy 
and artillery, was continued at Cailisle Barracks. 
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In 1S3S the War Department converted Carlisle Barracks into a recruit 
depot under the direction of an officer of dragoons. Here, in effect, was the 
Army’s first cavalry school. At Carli.sle Barrack.s, then, between 1838 and the 
outbreak of the IMexican War, were trained cavalrymen. From the past mounted 
units, both artillery and cavalry, departed for the southeni theater of war. 
After that war the command at Carlisle Barracks devolved on Colonel Philip St. 
George Cooke, of the Pii’st Di'agoons, a Virginian and General J. E. B. Stuart's 
father-in-law, who was destined to serve as a Union officer in the sixties. Shortly 
thereafter, a severe epidemic of cholera broke out, brought in, it Avas thought, by 
soldiers returning from ilcxico. The post was quarantined, and the disease did 
not appear in the nearby town of Carlisle. Until the dark days of the War of 
1861-1865 the post of Carlisle rvas typical of the United States Army station 
of the period, Avith the usual problems, Ancissitnde.s, and development. 



medical troops. Carlisle Barracks. Pa. Barracks of the 32na Aledical Bat- 
talion in background. (Photograph by James R. Gouffer of the Evening Sentinel of Carlisle.) 


In the AVar BetAA'een the States, Carlisle Barracks became a supply center, as 
it had been during three preAuous Avars. In 1861 it was the headquarters of the 
AI()unted Recruiting Service of the United States Army. It not only saw the 
drilling of men recently taken into the service but also served as a place in which 
units AvithdraAATi from the front AA'ere reconditioned, alloAved to rest, and once 
more brought up to their strength. The fortrmes of war AA’ere such that Carlisle 
Barracks was occupied by the Confederate troops, and General Fitzhugh Lee 
burned the buildings, with the exception, says a persistent tradition, of the quar- 
ters occupied by a AVest Point classmate. Thereafter, the post was rebuilt in 
part and surrounded by a Avail Avithin Avhich drafted men were kept during their 
training. The Avar finaUy over, the post once more settled doAA-n to peacetime 
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A part, of the Sixth Cavalry was sent to Carlisle Barracks after the 'War. 
In 1867 it wa.s siiggostccl hy the Sur;rcou r/eneral tliat scleetcf] enlisted men he 
trained as veterinaiy snrfreons, and that llie veterinary sei'viee not he placed 
under the Snrpeon General, as the eomniandin'r officer of Carlisle Bai'racks had 
recommended. Thus a school for veterinarians \vas established at Carlisle 
Barracks. In 1871 the jxarrison of the post was ordered elsewhere, and for a 
time the post was closed, despite the jdeas of the townsfolk of Carlisle. Mattel's 
drasrtred on until IS7.o, when Lieutenant ]?ichard Henry Pratt (1840-1924), an 
officer dcei>ly interested in the education of the Indian youth, estahli.shed, under 
the authority of the 'War l)ep:irtmenl. the Carlisle Indian Industrial School. 
The Secretary of the Interior, f'arl Schnrz. fiave it immediate support. Pratt, 
who ultimately rose to the rank of Brifradiei'-General. continued the direction 
of the Indian School until it closed in 1918. It made a splendid record durin? 
its nearly four decjides of exist<‘nee and .-lehievcd its oh.iectives. The ju'owe.ss of 
its students on the athletic field made it known to many win) would not have 
been interested in the more .serious side of its work. 

In 1918 the 'War Hejmrtment e.stal>li.shed Oenm'al Ifosj>ital No. 31 at Carlisle 
Barracks, placinsr it under the conunand of Colonel (later Bi-ipadier-Gcneral) 
Frank Boyer Kecfei', i\redic-'ii Cor[)s. Tlie hosj)ital did not aetually begin to 
futiciion until January, 1919. since much time was re(juircd for the convei'sion of 
thO’ dilapidated buildings to ho.spital use. The institution became a recon- 
struction hospital wherein ])atients mutilated in the war not only were given 
adequate treatment but also were taught trades. 

Before General Ilosiutal No. 31 closed. Surgeon General Ireland requested 
the Secretary of War to a.ssign Carlisle Bari-aeks ))ermanently to the Jlcdical 
Department for use as a field school. This was done (see above) and the itfedical 
Ph'eld Sendee School came into being on Sept. 1. 1920. the day that General Hos- 
jiital No. 31 ceased to exist. The officer assigned as first Commandant was Colo- 
nel Percy Moreau Ashburn, jMcdical Corp.s. He was succeeded in 1923 by i\ra,ior- 
(teneral (then Lieutenant-Colonel) Charles Ransom Reynolds, who directed the 
school for eight years. His sueee.ssors have been Brigadier-General Edward 
Lyman IMiinson (1931), Colonel Garfield Lc.sly [McKinney (1932, acting), Briga- 
dier-General MatthcM' Augustus DeLaney (1933), Brigadier-General [Ma.ior 
Augustus 'Wroten Shockley (1935), Colonel Hei-bert Charles Gibncr (1937), 
Brigadier-General Roger Brooke (1940), Brigadier-General John Mitchell Willis 
(1941, acting), and Brigadier-General Addison Dimmitt Davis, who has been 
Commandant since June, 1941. 


THK FIRST FACUnTY 

The fii'st faculty of the Medical Field Service School (1920) was composed 
of the following officers: Colonel Percy IMoreau Ashburn, Commandant; Lieu- 
tenant-Colonel James Lung Bevans, Assistant Commandant; Captain Herbert 
Wellington Taylor, Secretary; Ma,ior Leon Connallin Garcia, Director of the 
Department of Administration ; Captain Herbert Wellington Ta.ylor, Director of 
the Department of Military Art; Major George Burgess Foster, Jr., Director of 
the Department of Field Sanitation; Major John Pieri'epont Fletcher, Director 
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of the Department o£ Logistics and of the ^Icdical I-hpiipnient Lalioratory ; 
Major Joseph Edward Bastion, Director of the Department of Enlisted Training 
and Commander of Demoiistration Ti’oops; and Captain Cuy Blair Denit. in 
charge of Correspondence Coui-ses. iMany of tliesc officers served at the :Mcdical 
Field Service School for several years, and many of them have returned more 
than once for subsequent duty. 

In 1923 Lieutenant-Colonel diaries Ransom Reynolds was appointed Com- 
mandant of the school, and to him is due its development and attainment of its 
important place in our .scheme of military education. He served for eight years 
in this position of great responsibility, during which time he became knouTi to 
nearly all medical officers of the National Guard and Reserves as well as those 
of the Regular Army. He became Surgeon General in 1935 and retired in 1939 
to accept the directoi'sbip of the Bureau of Tuberculasis Control of the Com- 
monwealth of Pennsylvania. Since General Remiold’s administration of the 
Medical Field Ser\*ice School no Commandant has served for as long as four 
yeai-s, due to the exigencies of the military service. 


EXPANSION AND PROGRE.SS OF THF, MEDICAL FIELD SERmCE SCHOOL 


The Medical Field Sernce School, established as we have seen through the 
Misdom of the Surgeon General and the talents and hard work of its early 
faculty, did not spring fuUy developed into its present state. It was a gi’adual 
process, marked by many handicaps and delays. Instituted at the close of the 
first World War, it was given comparatively little financial support by the Con- 
gress of a war-rveary nation. The most e.ssential supplies were hard to get, and so 
short was the list of personnel that most of the officer’s had to occupy several 
positions simultaneously. It took good management, economy, arrd wi.se planniirg 
to keep it going. But those things it had, so that it passed through the hard times 
and was ready for the immense burden throwrr upon it when the irational emer- 
gency of 1940 arose. It was prepared for its present stupendous ta.sk of prepar- 
ing the medical profession of the land for its part in the greate.st war arrd the 
greatest danger that the United States has ever known. 


Year after year the successive Surgeon Generals ti-ied to obtain an appro- 
priation for a new and adequate academic building at Carlisle Barr-acks. The 
school building fii^it used was one of those built more than a half a century ago 
for the use of the Carlisle Indian Industrial School (1889). It was inadequate 
as to size, arrangement, and location. Finally, it was found to be actually rmsafe, 
and the Secretarj' of War ordered it pulled down. Over the week end, for the 
matter was declared urgent, the old building was evacuated and the school was 
temporarily set up in the old gjunnasium (1939). It was a matter of pride that 
not a day’s instruction was lost in this wholesale change. But still no funds for 
a new building were forthcoming. 


_ At length Congress in 1940 appropriated .t375,000 for a new academic build- 
ing (Public 661, 76th Congre.ss). Work on its construction began uithout delay 
and It was completed in 1941. The cor-nerstone was laid with appropriate cere- 
monies on .Tune 26, 1941, by the Surgeon General, ilajor-General .James Carre 
Magee. It was occupied by the Medical Field Service School on Oct. 6, 1941. 
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Tlius M'jien llic onioi'f’oiicy iireliniinsiry to tho oiilhroiik of tlic .second World 
Wav was declared, the Iniildinp: was ready and has conlinucd (o serve as a nucleus 
of the school. With the enormous ela.s.ses now heiii'r jnif throufili flic school, it 
is, of course, inadequate in size, hut, with the temporary buildings constructed as 
ela.ssrooms there is sufficient s])aco for the needs of the school. 



Flp. n. — Onicors class In medical tactic.s. Medical Field .Service .School. Cnrll.sle Pnrrncks, 
Pa. The school uses Tuj;o Hall, the for .‘^o/no of the larfro classes now untior In- 

struction. Tills bulldlnp: Is iiatncd for Private Oscar C. Tut:o of Poston, the first American 
.sokller killctl In the first “World War. He was an enlisted man in the ^rodlcal Department. 
(Photogi'aph by the U. S. Army Signal Corps.) 


The academic building hears the name of the building that preceded it, Hoff 
Hall, named for Colonel John Van Rensselaer Hoff (1848-1920), jiioncer pro- 
ponent of adequate education in field duties for medical officers and enlisted 
men. On the cornerstone of Hoff Hall are carved word.s of a great British 
churchman, words fliat are a.s true now as when lie ivrote them nearly three cen- 
turies ago ; 

‘ ‘ To Preserve a Alan Alive in AXidst 
of Cliaiiecs and Ho.sliiitie.s is ns 
Groat a Atiraele as to Create Him.” 

Jcrcin}/ Taylor. 

OBJECTS OF THE AIEDICAL FIELD SEnVICE SCHOOL 

The objects of the Jledical Field Service School are thus set forth in Army 
Regulations : 

a. To instruct and train Alcdical Department officers of the Regular Army, National 
Guard, and of the Officers’ Reserve Corps in the principles and motliods of medical field service 
so as to increase their ability as instructors and to enltance their pioficioney in the performance 
of their command and staff duties. 

b. To instruct and train selected enlisted men of the Medical Department of the Regu- 
lar Army, National Guard, and Organized Reserves in the duties of noncommissioned 
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officers pertaining to the organization, mobilization, training, ami operation of Mcclical De- 
partment units of tbc components of the Army of the United States. 

c. To act as an agency of the Surgeon General in tlie development and perfection of tlie 
principles and nictliods of medical field service. 

d. To assist in the development of medical field sanitary equipment; to assist in the 
preparation and revision of iMedical Department Training Begulations, instruction manuals, 
and other publications; to make research in matter pertaining to the field duties of the Jledical 
Department ; to disseminate to the service information pertaining to instruction and training 
used and developed at the Medical Uield Service School. 

It \vill be observed that these pavagriipbs from the ‘ ‘ Army Bible ’ ’ concern 
chiefly the Army a.s it exi.sts in time of peace. Now that we are at war, the 
fundamental principles underbdng the teaching at the ^ledical Field Service 
School liave not changed, hut tlte activities of the school have been largeh' 
directed in more specialized channels. There is no longer the division of the 
Army of the United States into the Regular Army, the National Guard, and 
the Organized Reserves, so that the instinction affox’ded at Carlisle Barracks 
is for all officers A\*ithout distinction as to component of the large Army of the 
United States. 

The teacliing has naturally become much more elastic now than in days of 
peace. The eurriculnm has had to he radically changed several times, depend- 
ing on the number of officei-s and others in each class, the period of time available 
for their instruction, the special duty to Avhieh the officer is destined by the 
War Department, the space available for teaching purposes and for quarters 
at Carlisle Barracks, and other factor's. As information is received as to the 
medical service in our own Army and in those of other countries, the teaching at 
the Medical Field Service School is changed accordingly. 


cotmsES OF txsTRb-cnors 


-As at all military' schools, several courses of instruction are offered at the 
jRedical Field Service School. Their nature and extent have been changed from 
time to time, depending on what military men call exigencies of the service. 
Prior to the declaration of the present emergency by the President, the follow- 
ing courses were being given at Carlisle Barracks : 

Basic Course : This course was planned for junior or newly commissioned 
officers of the Aledieal Department of the Regrrlar Army. It began early in 
January and normally was six months. 

The National Guard and Reserve Officers’ Corrrse; Field officers (i.e., 
colonels, lieutenant-colonels, and majors) and senior captains of the iledical 
Department of the National Guard and the Officers’ Reserve Corps attended 
for six weeks. 


Advanced Course : Field officers of the Aledical Department of the Regular 
Army, the National Guard, and the Officers’ Reserve Corps received instraietion 
for approximately three months. 

Noncommissioned Officers’ Corrrse: This course, of approximately eight 
weeks’ duration, beginning about September 15 each year, was provided for 
selected men of noncommissioned grades of the Regular Army, the A'ational 
Guard, and the Organized Reserves. 
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Besides these formal coui'scs al the Medical Field Ferviee School, llie (Iirce 
following lilies of sninnicr cam]) wore organized foi’ insi ruction of ofTieers and 
potential officers of the IMcdieal Deparlnienl of the Aiany: 

Unit Training Gatii]) for J?escrve Officers: The officers rccei\’ing this in- 
struction were, for the most j)art, assigned to medical units, though a few addi- 
tional officeis have been attached to the personnel of such a unit for the period 
of the cam]). The units for wliich ofiic(>i-s woi'c so trained included medical re"i- 
ments, medical squadrons, medical battalion.s, general hospitals, evacnation hospi- 
tals, surgical hosj)itals, and hosj)ital centers. This cam]) has usually been of a 
fortnight s dinvition, beginning early in duly of each year. Since the declaration 
of the e.xisting limited emergency, this tyj)e of eamj) has not been conducted. 
Ai)pro.ximate]y 350 officers have been trained each year at this camj). 

Basic Summer Tiaining Camj) for Be.serve Officers: The instruction given 
in these annual camps, which al.so have been of two weeks’ duration, has con- 
.sisted mainly of basic military object.s, including the employment of medical 
detachments and j^Iedical Dej)artmenl unil.s, Medical Deparfinent administration, 
mobilization, and sanitation. The chief objective of this camp has been to pre- 
pare the officers trained for more advanced instruction. Aj)i)roxiinatc1y 200 
officers have enrolled in this camp annually. 

Reserve Officers' Training (’orps Cam]): Here the coui’se included instruc- 
tion in the functions and activities of the Medical Department from the view- 
point of the enli.sted man. The in.slruetion included drill, function, and aelivitie.s 
of medical delachment.s and of the medical I)altaIion. .squadron, and regiment, 
and general principles of sanitation, particularly in the held. The work at the 
R. 0. T. C. camps .supplemented that given by regular a.ssigned instructors at 
various medical .school.s, and their in.struetoi's accompanied tlic .students to the 
camp. The R. O. T. C. cam])s at Carlisle Bari’acks included 400 to 500 men each 
year and did not differ from similar Juedical It. O. T. C. canij)s elsewliere. At the 
camp held at Carlisle Barracks in 1941 the usual number of men were enrolled. 
The students .successfully conij)lefing the full four years of Reserve Officer’s’ 
Training Coi’ps training were given reserve commissions in the IMcdical Corps 
of the United States Army. 

Officers’ Coui’scs: The President s declaration of the existence of a limited 
emergency on Sept. 8, 1939, and of an unlimited emergency on May 27, 1941, 
changed the type of instruction offered al Cai’Jisle Bai’j’acks. just as if did at 
other Army schools. There was no longer time to devote six montlis or more 
to a regular basic course ; and the same was true of the other courses. A pressing 
need developed for training as large a number of officers of the Medical Depart- 
ment as could be and in as brief a time as po.ssible. Therefore, a decision was 
made to establish courses of approximately one month each, known as Refresher 
Coiirses. The name was unfortunate, being borrowed from a type of course 
offered at some of the Army’s other schools, designed for senior officers who 
needed a brief review. The new courses of Carlisle Bai-raeks were attended 
largel}^ by nevdy commissioned officere or those who had had little or no military 
experience, so that the courses were hardly “refreshers’’; tlie.v were given to 
men who needed, and received, new information. This course is now known as 
the Officers’ Course. 
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There ^vel•e seven of these one month “Kcfreshef” Courses gi^cn at the 
lledical Field Service School, beginning December, 1940. It was then decided 
that such brief coui’ses did not permit sufficient training for the student officei's, 
and so hardly justified their attendance. The period of training \\as, therefore, 
increased to two months, beginning with the course that opened on Sept. 2, 1941. 
Since then five two-month classes liave been graduated, but the jrressure of 
necessity then made it necessary to graduate five more of the one-month classes 
as well. Besjinning in Jaiurary, 1943, provisions for six-neek courses ■will 
become effective. 



Fig. G. — Demonstration of work of medical soldiers in battle. Medical Pield Service School. 

(Photograph by the U. S. Army Signal Corps.) 

Officer Candidate Courses: Since the Medical Department of the Army 
has great need for officers to aid in its administration, but ■who need not hold 
medical, dental, or veterinary degrees, thei’e was ci’eated the iMedical Adminis- 
trative Corps. Each Medical Administrative Corps officer releases a medical, 
dental, or veterinary officer for professional work, since the administrative 
functions would otherwise have to be performed by professionally trained 
officers. Any enlisted man of the Ai-my who has had the minimum thirteen 
'veeks’ basic training may be recommended for admission to the Officer Candi- 
date Class at the Medical Field Ser vice School. Kecommendations hy the man's 
nnmediate commanding officer are based on his character, education, leadei’ship, 
and other qualifications for commissioned rank. The Officer Candidate Course 
IS three months in length. One group is admitted each month and one is 
graduated, so that a beginning, an intermediate, and a senior group are under 
training. A large proportion of the members of the Officer Candidate Classes 
arc college graduates, and not a few hold professional degrees in law. engineer- 
ing. or other nonmedical professions. Thirteen of these courses have been. Gl- 
are being, held. This course in the future is to be given at the ]kledical Re- 
placement Center at Camp Barkeley, Texas, will be related below-. 
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Cadre Course: Tliis course of one inonlli’s durafion is desifined fo Iraiii 
medical officers lieiup: assigned to newly created divisions of the Army. 
Thought is given to the .special needs of such ofTicei's, jiarf of whose iii.sfruction 
is therefore different from tliat of the niemhei's of the regular officers’ clii.ssc.s. 

Medical Jnsjicelors’ Cour.se; A one-month cour.se for .selected 01110011; in 
field sanitation and preventive medicine. Tt is sjiecially designed, as its name 
indicates, for officers who are to .serve as medical inspectors, who correspond 
in duty somewhat to civil health officers. 

DEEART.ME.VT OE THE .MEDICAE ITEIiD .SERVICE .SCHOOI. 

The worlc of the Itledica] Field Service School is different from that of 
any other type of school that its .students have known. If is so little under- 
stood l)y the jniblic, that a consideration of tiic seveivil dcjiarlments is desirahlc. 
It will he observed that tlic scliool does not concern itself witli tlie teaching of 
clinical medicine or with laboratory jn-ocediire. Such subjects are more properly 
taught at tJie Army itledical .School and at its sister institution, the "Walter Heed 
General Hospital, hotli at the Army jMcdieal Center in "Washington. The work 
of the Jlcdical Field Service .Scliool and that of tiie Army iMedical .School is so 
arranged and coordinated by tlie Division of Training of the Surgeon General’s 
Office that there is no conflict. There is likewise no conflict with the work of the 
School of Aviation itrcdicine at Kandolpii Field near .San Antonio. Tcxa.s. 

The officers in charge of the .several departments of the Jledical Field Serv- 
ice School have cooiieratcd witli me in prcjiaring the following detailed .state- 
ments, which have likewise lieon cheeked by the A.ssistant Commandant. The 
Assistant Commandant is in direct charge of the instruction given at tlidtlcdical 
Field Service School. Ilis function is similar to that of a dean of a college or 
univei-sity. 

Dcpartvicni of MUUonj Art . — The mission of this department is the in- 
struction of itiedical Department personnel in the ]irincij)lcs of medical support 
of combat operations. To this end, there are taught tiie Iiasic principles of war- 
fare, the military policy of tlic United .Slatc.s, the organization, tactics, and com- 
bat dispositions of the basic arm of the service, the Infantry, and the supporting 
arms and services, tiie Artillery, Cavalry, Armored Force, Air Corps, Engineers, 
etc. Correlation and mutual support of these arms and services in coordinated 
action are taught. 

With combat tactics as a iiackground, students are taught the jirinciples of 
medical support of attack, defeii.se, and special operations, such as river cross- 
ings, landing operations, retrograde movements, and pursuit. Earl.y in the in- 
struction students are taught the use of military symbols, map reading, and 
practical application of maps to terrain. Military maps include general, stra- 
tegical, tactical, topographical, and photographic maps. Some of the exercises 
require close attention to orientation both in daylight and in darkness. Teaching 
methods include conferences, daily application terrain exercises, demon-strations, 
training films, map exercises, and examination. 

Instruction is given in tlie prcpai’ation of medical and unit plans, prepara- 
tion and use of standing operative procedure, and the formulation and issuance 
of combat orders to put plans into action. In addition to medical support of 
combat, instruction includes medical support of troops in bivouac and on the 
march. 
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The scope of the instruction in military art is such as to train medical 
officei-s in the principles of combat and the medical support thereof to sucli a 
degree that such officers can function efficiently under all conditions. 

Department of Mititanj Sanitation.— The old adage about the relative 
value of the ounce of prevention and the pound of cure is nowhere more true 
than in the military service. The iMedical Department has the duty of treat- 
ing sick and wounded soldiers. But it also has the far more important responsi- 
bility of keeping men well. To this end, all the teachings of preventive medicine 
and sanitation are used in the development of procedures designed for the 
maintenance of the soldier’s health. In the field, in particular, modem sanita- 
tion is of the utmost importance. The course offered at the IMedical Field 
Service School is desigrred to instruct students in the established practical 
measures for the preservation of the health of our fighting men. Thus, the pre- 
vention of disease is studied, not only as understood in our oum climate, but in 



. Fig. <. —Demonstration of the work of a medical battalion. The instructor (at right) uses 
ftv diagrams. The medical soldiers actually demonstrate the principles taught. This 

IS on Stark Field, the only spot In America where troops have been drilled for everj’ 
American ar. (Photograph hy the U. S. Army Signal Corps.} 


the various other climates in which our forces may be sent by the exigencies of 
modern war in all its world theaters. Stress is placed on control measures 
against communicable diseases of military importance, including venereal dis- 
eases. Students are taught how to construct and maintain field devices and 
apparatus for the purification and safeguarding of water .supplies, for the dis- 
posal of body and other waste, for the presen-ation, transportation, and prepara- 
tion of food, etc. 

The Sanitaiy Area’ consists of full-size models of various devices used 
w troops m the field, such as incinerators, water sterilizers, and the like. The 
control of insect and other vectors of disease is an important part of the enr- 
ncuhim For instance, offieei-s and officer candidates are taught how to protect 
le so ler fiom flies, lice, fleas, mites, ticks, ants, bedbugs, mosquitoes, midges 
roaches, leeches, rodents, and a host of other pests and vermin. Of particular 
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importance is sjieeial consiflcration of junfrlc sanitation, the sanitation of com- 
mands in desert country, and in tlic cold climates of tlic far north. Protection 
against, .snakes and otlicr venomous animals is studied. 'Plic proper methods of 
conducting .sanitary insjieetions are taugiit. 

At first tliought one may ,suii])osc tliat military sanitation is no difTcrent 
from sanitation in civil communities, mnlulix mutnndix. But this is not true. 
In the Army the military situation must ever la; supreme. The health of the 
men is to be maintained though the medical or health oflieer may have no voice 
in the determination of the nature of that situation. A civil health officer may 
place a jdaeard on a house wherein there is a ease of a communicable disease. 
Thereafter to enter such a house is to violate the law, and punishment can he 
In-ought about by the healtli ofTlicer. The military lu'alth officer, on the other 
hand, cannot say merely that certain area or ]>laee is dangerous becau.se it con- 
tains communicable disease. He cannot order soldiers, in other words, to keep 
out of a dangerous area. lie may well know that a certain ]>laee contains 
malarial mosiiuitoes. but if the military situation demands Hint the commander 
take his troops through that area, through it they must go. A military health 
officer mu.st, therefore, be iirejiared to tell his general how best to prevent the 
oeeurrenee of malaria, even though he knows that the men mu.st be exposed. 
Our Department of ]\Iilitary Sanitation has not only to review the general 
pi’inciples and practices of sanitation, but also must teach its .students how to 
make the best of situations actually to be faced. Actuality, and not theory, 
must govern. 

Department of Administration . — Bookkeeping and the maintenance of 
records are boring to the average penson. “Paper work,*’ as it is termed by 
military men is, however, recogniml as a neec.ssity. No business firm or other 
establishment can run witho\it records of what it is doing, and without tiic 
proper keeping of accounts and returns. Administration in the militai’}' service 
has been greatly simplified, but a minimum remains and always will remain. 

The imstruction of the Department of Administration, therefore, includes 
all the military activitic.s of the Jlcdical Department save the tactical and tech- 
nical employment of units or personnel. This broad classification includes the 
methods of the procurement of supplies and the accounting for them. Supplies 
may be tho.se acquired by the Jledical Department (whieli like the Engineer, 
Signal Corps, Ordnance, and Quarterma.stcr Departments, is a “supply de- 
partment”) or those used by the Army in general. Thus, students are taught 
how to make out the required reports, requisitions, returns, and other admin- 
istrative procedures necessary in the proper care and disposition of sick and 
wounded soldiers. This includes the administrative jirocedures incidental to the 
procurement and maintenance of shelter and food for patients and medical per- 
sonnel necessary to care for them. Jlilitary law is taught by this department, 
for all officers must understand court martial procedure, since such duty is oc- 
casionally unavoidable. The proper relations between military and civil power 
must be made clear. The organization and operation of the important military 
units of the Medical Department are taught, such as the various types of military 
hospitals. 
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In the instruction by this department, accuracy and rapidity of acoonipli.sh- 
ment of administrative duties are stressed. A considerable part of the time 
allotted to the Department of Administration consists of applicatoiy exercises 
in which the student is presented with actvial or simulated administrative situa- 
tions of the types likely to he encountered in actual service. These pi’ohlems 
he is required to solve in accordance with prescribed Anny administrative pro- 
cedures. 

Those who may think that it is a waste of time, in those days when time is 
so precious, for officers and officer candidates to have to learn administrative 
procedures, must remember the ultimate importance of adequate medicomilitary 
records. It is the iledical Department which must be prepared to teU the com- 
mander of troops .iu.st how many men he actually commands. It means little 
for a general to command a division, for instance, which has a strength of ten 
thousand men "on paper,’' if he docs not know how many of his supposed 
strength are fit to fight. If 10 per cent of his command be sick or otheinvise 
noneffective, then he commands not ten thousand men, but only nine thousand- 
He has only one source for the information that is vital to him and to the 
military success of his force. That source is the Medical Department. The 
senior medical officer can tell him — ^Init only if proper records are kept by all 
medical personnel. 

In our country we have always been generous in the matter of pensions, 
bonuses, compensations, and the like for former soldiers. In the old days when 
medical records were incomplete or wanting, many men could not prove their 
right to Governmental financial aid. Some worthy men, therefore, were not 
given the money to which they were entitled by law. In other instances, men 
were able to obtain money to which they were not entitled, because of incomplete 
records. Thus, the iledical Department of our Army has a double duty in the 
matter of keeping correct and adequate record.s. It must protect the rights of 
the future veteran, and it mast protect the taxpayer. Records, then, are of very 
great importance. 

Department of Training . — The training of soldiers is one of the prime 
functions of officers in any branch of the Anny. Soldiers are made not bom. 
No man springs fully armed from the brow of the Goddess of 'Wisdom nor from 
the brow of the God of War. Yet he mast have some of the knowledge of ]Mi- 
nerva, the skill of Mai-s, together with the cunning of Aesculapius, if he Is to he a 
good medical soldier. The Department of Training devotes its energies chiefly 
to teaching officers and officer candidates how to train the men in the ranks. 
It.s courses are designed to familiaiize students u-ith the basic principles of 
military in.stmetion and the manner in which such .sub.iects may be imparted to 
enlisted men of the Medical Department. The curriculnm includes Iecture.s. 
conferences, and demonstrations, all used to orient the student as to the gen- 
eral and special conduct of militaiy instruction in its several phase.s. For pur- 
pose of physical training and body coordination, a systematic series of drill and 
callsthcnic periods are conducted. 

The work in militaiy training is dasigned to familiarize the .student with 
le methods of instruction useful in, and appropriate to. the militarv service 
the mecliamsm of teaching is shown, with consideration of such factois as the 
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cmolional and ]).sycli()logiciil api)roa(*li, as j-uiiuired in training the medical 
soldier for combat duty. Particular einjihasis is jdaeod on the use of the visual 
sense for instructional i)urposc.s, and following this, by the ai)plicatory method. 

jMilitary eourte.sy is tanglit both for il.self and as an aid to achievement 
of inilitaiy discipline. Instruction is given in both indoor and outdoor courte- 
sies. Strc.ss is placed on tlie relations necc.s.sary between officers and enlisted 
men, between officers, honors, and courtesies rendered to the Hag, tlie National 
Anthem, commanding officers, and at ceremonies. 

The inspection is a neccs.sary feature of army life, since standards to he 
reached and maintained must at ail limes be clo.scly scrutinized by officers con- 
cerned. The proj)er mode of condm-ting in.s])ections is taught, including in.spcc- 
lion of barracks and tents, uiut inspections, and inspections of the soldiers’ 
equipment. Tiie ela.ss itself is i)criodically inspected by the commanding oficcr, 
wliich serves a dii'ccf i)uri)o.sc and likewi.se aJi indirect one, .since it teaches how 
•such duty should be performed. 

In the preparation of training programs and .schedule.s, tlie students arc 
taught how to make the most of the lime availal)le for training their men, ever 
with an eye to the need for the iiarticular unit being trained. l''rom the estimate 
or analysis (the British .say “appreciation”) of the situation, a program for 
training is developed, out of which, in turn, a systematic schedule is produced. 
A part of tile class instruction consists of an illustrative problem whieh lakes 
them through the several procedures mentioned. Einjihasis is jilaccd on pro- 
gressive step-by-step training, eonlimiity of sub.ioct matter, variation in methods 
of instruction and approach, and decentralization of efibrt in tcaciiing. Such 
schedules are worked out in detail in the cla.ssroom, and discu.ssion is encouraged. 

Instruction is given also in the movements of dismounted drill by demonstra- 
ation and group instruction, followed by student ajiplication of each movement. 
To overcome awkwardness and diffidence. Die class conducts cadence drill in 
which members collectively give the commands to the unit. This is followed by 
a period of command e.xercises in AvJn'ch each officei' individually is called upon 
to drill the unit. Emphasis is placed on the disciplinary effect of drill, its po.s- 
sibilities in teaching preeisioji and teannvork, uTid the instillation of prompt 
I’csponse. 

By means of conference.s, demon.st rat ions, and a])i)licaf ion, the c]a.sscs are 
instructed in litter drill, ambulance loading, physical training, use of the Army 
leg splint, and the assembly and ad.iuslmcnl of the medical soldier’s field equip- 
ment. 

Department of Logistics . — Logistics is defined as “that branch of military 
science which takes cognizance of the comparative warlike resoui’ces and 
capabilities of countries between which war is likely to arise, as well as of all 
conditions it is likely to be eonducted, such as the geographical features, climate, 
means of transit, food resources, etc., of a probable seat of war.” The more 
narrow application of the term logistics imifiies the study of the movement of 
troops and supplies, with reference to the factors whieh affect such movements. 

At the Medical Field Sermee School the student is taught how to operate, 
maintain, and employ the motor transportation assigned to medical detachments, 
battalions, squadrons, and regiments. The teaching also includes stud.r in- 
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volving the intricate prolilenis of supply of medical units, and tlie problems in- 
cidcnt to the medical supply of all units in the field. 

The matter ol transporting medical iiersonnel and medical material from 
one place to another is far from heing as .sim])lc as it. may appear at first thought. 

1 lout a knowledge ol the broad iiroblem, one might think that when one 
wishes to movemicdical units from point A to point B, one has merely to look 
on the map and find the nearest road connecting the two points and order the 
mecica units to proceed over that road. But tmrhajis that obvious road may 
le uncei t le enemy s fire; or perluijis it is being used by our own advancing 
mlantry; or perhaps we have just learned tliat the bridges over which that 
loa passes have been destroyed. Thus one must he prepared to find other 
imads or to move across country in some instances. It all involves not only a 
vuow e ge of the terrain, but uiMo-the-minute knowledge of the military sitiia- 
lon, w icie our own tmojis and tho.se of the enemy are disposed, and full in- 
lormation as to the condition of our vehicle.s and of the road.s. And manv other 
factors besides. Logistics is not a simple subject. 

f'lcW Medicine and Hurcjcrii.—A relatively now addition to 
the Aledical Field Service Scliool. having been created in .lime, 1941 , is the I)c- 
pailment ot Held Medicine and Surgery, Tin; department collects and cvalu- 
a es ciuimit information as to medical service in tlic field, particularly during 
cornbat. This information is communicated to tlie students and other personnel 
0 le sc 100 . Iscw drug.s, new types of treatment, and new apparatus arc stud- 
le . i atteis iieitaining to tlie ])revention and treatment of trauma and dis- 
ease in^ oiw.nd battle areas the divisional area in general — are included. 

This department teaches officers of tlie aAIedical Department how to make 
t le^ lest use of the material available at a certain ]>lace and under certain con- 
dU.ions. The Medical Department rarely, if ever, has the choice as to such con- 
ditions. Officers must learn to carry on with what they have; they should not 
Je lelpless if they arc not pi'ovidcd \\]\h every eonvojiiencc to n'liieli they may 
have become accustomccl in civil ])racticc. In tlicsc days of modern hospitals 
nit I fillip -equipped clinicnl aids, some of the vcsonrocfiilness and ingemiity 
0 t le oldei generation of iiractitioners has been lost. Such qualities are 
essential in the military service. On the field of battle the medical officer 
mus le pieparcd to treat wounded men with the host emci’gency measures 
a\ai a le. Tieat tlicni he must, whether or not his supplies have arrived, or 
whether or not they have been exhau.sted. 

This department considers such matters as first aid at the site where the 
injury has been su-stained; emergency medical and surgical treatment in the 
battalion, collecting and clearing stations; principles and practices in the use 
0 p asma, human albumin, and human blood, wherever ajiplicable; prevention 
and tieatment of shock, hemorrhage, and infection ; principles and practice of the 
tiiage 01 sorting of the Avoniided; chemotherapy in its application to field medi- 
cine; medical cai'c of gas casualties; use of anesthetics in the field; use of per- 
sonal protective equipment and devices in relation to the prevention of injuiy 
and disease ; the physiology of Avound healing and the emergenej' management of 
wounds; consideration of medical and surgical equipment, including sutures, 
ligatures, diessings, splints, medicaments, etc. The department sums up its 
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duties in the -words: “The application of the best medical and surgical care 
of the greatest number of sick and injured soldiers at the front, rvith a minimum 
of trained personnel and material. ' ' 

Department of Dental Field Service , — The prime duty of this department 
is the instruction of officers of the Dental Corps in the organization and func- 
tions of the Medical Department unit.s, in order that such officers may accomplish 
their professional and administrative duties most effectively in both fixed in- 
stillations and tactical commands. The course emphasizes the cooperation of 
medical and dental officei-s, and pi-cpares the latter to serve as anxiliaiy medical 
officers when circumstances require. 

The officei-s' classes at the iiledieal Field Service School include offieei-s of 
each of the several coiqis of the Medical Department, iMuch of the instruction 
is given to the entire class. However, there are certain admini.strative functions 
of medical officers, for example, which do not apply to the Dental Corps, and 
nee versa. "While the medical officers are being given such instruction, the 
dental officers are given, in separate classes, the work which applies to them 
alone. This ari-angement has been found most satisfactor>' to all concerned. 

Some of the special instruction afforded dental officers includes: duties 
of dental officers of aU units, Ariuj/ Regulations of particular interest to the 
Dental Corps, dental examinations and .sun'eys, training of dental assistants, 
dental field equipment and treatment of .jaw fractures in the field (with ap- 
proved methods of splinting). The in.struction in these various subjects is by 
conferences, applieatorv- exercises, and demonstrations. 

Department of Veterinanj Field Service . — Tliis department furnishes, par- 
ticularly to officers of the Veterinary Corps, essential information concerning 
the prevention of transmission to military pei-sonnel of the communicable dis- 
eases of animals. Thus special study is made of the protection of human beings 
from rmsound food of animal origin (milk, meat, butter, eggs, cheese, etc.), 
keterinarj* officers are given special instruction in medical field service, special 
emphasis being placed on the hospitalization and care of animals. 

The special training afforded dental officers in their particular duties during 
periods when medical officers are recemng training not applicable to the Dental 
Corps, holds true also of the veteadnary officers. While the medical and dental 
officers are each receiving special instruction not of interest to the other group, 
the veterinary officers are under the instruction of officers of the Department of 
Veterinarj- Field Ser-dee for special training necessary for their duties. 

Among the special subjects taught by this department are : the preparation 
and rendition of the field veterinary reports and returns, together -with other 
administrative work concerning animals; and the supply and inspection of food 
products. Other topics are the preservation of animal health, methods of pre- 
serving and storing foods of animal origin, veterinary aspects of chemical war- 
fare, technical and tactical emplojunent of veterinary units. Special attention 
is paid to the veterinary facilities with various arms and services. This last 
includes the care and treatment of animals tmder field conditions. 

General Inst ruction. —Besides the teaching in the departments just out- 
hned, special instruction is aff'orded in a number of special fields not direetlv 
connected nith any department. There are lectures and conferences on such 
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topics as public spcakiji^r, consiflcralion of mcdicomilifary pj-oblcins of tlio past 
and present, notes on tlic medical services of tlio United States Na\T, tlic 
United States Public ITealtli Service, the Veterans’ Administration, and that of 
various foreiprn armies. 

Gettysburg is only about 2S miles from Carlisle Barracic.s, so that the 
classes, -when time permits, are taken liiere for a tactical visit to the battlefield. 
There an officer explains the battle in detail, including the medical prol)lcni.s 
that arose. The battlefield of Getty.sburg is used for mai) j)roblems by eveiy 
school in the United States Army, but only the ^Medical Field Service School i.s 
near enough to have teaching lake place on the terrain it.sclf. 

Extension Conrscs . — The department of extension courses has the duty of 
preparing instructional material for u.se in the training of officers and enlisted 
men, particularly lho.se of the ftfedical Department. The material prepared in- 
cludes a lengthy series of h’icld ftfanuahs, Teclniical Itranuals, Training Films, 
Film Strips, and the Army Extension Ooui'ses. These training aids and texts 
include material on many pha.ses of medieomllifary trainijig. The data pre- 
pared by this department a7'e dtstributed to the various i)Osts and stations of the 
Army, and are utilized by officers aiid men in their li’aining for war dutie.s. 

The series of corix'spondence eoui-ses foi-merly offered by this department 
is not being used under war conditions, .since more extensive training is now 
permitted, and few pereons not on active military duty would be interested in 
pui’suing such coui-ses. 

Liaison Officers . — A modern army is a com])licatod machine. In order to 
understand the i)ro])er function of any of its i)arts, it is essential that the gen- 
eral working of other j)arts be thoroughly understood. It is like working a ,iig- 
saw puzzle. One must know the .sha])e of the ])iece.s ali’cady on the board before 
he can fit the piece in hand into the complicated mo.saic of the whole. 

To achieve this, the IMedical Field Service School lias sevei’al officers of 
other branches of the United States Army on its faculty. They teach the stu- 
dents the work of their ])artieular branches and give information to other de- 
partments of the school on the technical and tactical side of their work. Tins 
sj'stem has been found most effective. Tliere are medical officers, graduates of 
the Medical Field Service School, on duty at most of the other .service schools 
of our Army, At the Medical Field Service School there are at j)rescnt on duty 
as liaison officers, senior officers of Infantry, of the Armored Force, and of the 
Chemical Warfare Service. We are also highly fortunate in having a Colonel of 
the Eoyal Army Lledical Corps of Great Britain, an officer of wide experience 
and training, who not only gives the greatest assistance in the teaching and the 
preparation of programs and plans, but also frequently visits medical instilla- 
tions in the field in many parts of the United States. He has been of great value 
in the work of the School. An officer from the hfedical Field Service Seliool has 
visited the Eoj'al Canadian Army Jledieal Corps Training Centre at Camp 
Borden, Ontario, to study the work of that school and to give lectures on the 
work of the American school. Similarly, officers from the Canadian school have 
made visits to Carlisle Barracks for similar jJurpose. Such exchanges of visits 
will be continued. 
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Contact with oilier l)ranclio.s of the Army am] with tiic i^Icdical Corjisof the 
Navy and of the United Stales Puhlie, Health Service is readily iiiaintaincd 
hy means of visits of iiersnnncl to Washinirton, which is only a hundred miles 
distant. 

I'UniACATlONS 

The ]\ledical I'Meld Service School j)iihlishe.s three iinjiortant scientific 
periodicals. They are all quarterly puhlicat ions and they arc all edited in the 
Surgeon Ceneral’s Oflice, War nepartinent. They arc 7'hc Army Medical 
BnUciin (estahlished 1021 and now in its sixty-fourth issue), 'fhe Dental Bulletin 
(now in its thirteenth volume), and 'J'hr Veterinary Bulletin (now in its six- 
teenth volume), heroin lime to time special texts are ])ubli.shed. Such boohs are 
lirimarily for use. in tin* instruction of the various cla.sses at the Medical Field 
Service School. Other texts of wider application are u.sed throughout the Army, 
and are often adopted as texts by .seliools and colleges not connected with the 
miltary service. Most recent of the hitter cla.ss of books is Elements of Militarn 
Hygiene, the second edition of which is just off the jiress. It was written pri- 
marily for Cadets at the United Slates Military Academy, but it will doubtless 
have other general use. 

Some of the material is issued in mimeogra])hed form, but the greater 
part is printed. The Print Shoji of the ^ledieal Field Service School is now 
working twenty-four hours a day and is turning out an immen.se volume of 
material. The Army Medical Bulletin has a eircuhition of nearly 20,000; the 
Denial and Veterinary Bulletins have .somewhat lc.ss. 

The Book Shop of the Medical Field Service School sells the jniblications 
for practically cost to per.sons not students. Students are i.ssned all nccc.s.sary 
texts without eo.st. 

The Art Department of the School prepares military maps, sketches, charhs. 
diagrams, overlay.s, and the like, for use in connection with instruction. Such 
material is often issued in large ipianlity. 


Numukr of Gisadvatk.s of tiik AlKmc.M, Fiei.d Skiwice Scnooi/ 


COUIiSF, 

Basic Course 
Advanced Course 
Field Otiicers’ Cour.se 
Officers’ Cour.se (formerly Eefre,-;h' 
Special Cadre Clas.s 
Noncommi.ssioned Officers’ Couri-e 
Sanitary Speciali.sts ’ Cour.se 
Officer Candidate Clas.s 
Medical Inspectors’ Course 


SUMMESl TUAIXINO CAMP 

Basie Training (.Tune) 
Kegimental Training (July) 
Hospital Coramandus 

Beserve Officers* Training Corps 


DATt: coiaast; 

XlVMBEIt OF 

FIKST laVK.V 

Gr.AbUATE.S 

1920 

1,3G9 

1921 

217 

1923 

273 

urse) 1910 

C,S3S 

1942 

37(> 

1924 

1,129 

1940 

712 

1941 

2,132 

51 

Total 

13,097 

n.VTE CAMP .VO. 

.ME.V COMPt.E 

FIUST HEU> 

TnAINlXG 

1925 

1,020 

1923 

4,055 

1928 

ISS 

(discontinued in 1931) 

0,198 

Total 

12,001 

Grand Total 

25,758 


•As of December 1, ISIS. 
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DKAtONSTRATIOX TROOT’S 


It is obviously impossible to "ive practical instruction in medical field 
service witbout demonstration troops. Our Avise Chinc.se friends tell us that 
one picture is worth a thousand "words. It is certainly true in teaching military 
science and art. ^Yhen the jMcdical Field Service School desires to .show how 
military medical units arc set up and how they function in the field, practical 
demonstrations are arranged. Actual aid .stations, collecting stations, clearing 
stations, field hospitals, and the like, arc set up before the eyes of the students. 
Students help in .such demonstrations and the picture is indelibly impressed on 
their memories. 

At Carlisle Barracks there arc a series of what the soldiers call ‘Svars ; 
that is, demonstrations of the work of the Sledical Department in selected tj'pical 
militaiy situations. A simulated “front line” is fixed, and men taking the 
part of wounded are evacuated therefrom through the various .stages, through 
the various echelons, to the I’car where they are to receive treatment in the ap- 
propriate hospital. Of course, in such demonstrations the di.stances between 
units and stations is foreshortened. Othcnvisc the .stage is set as nearly as pos- 
sible like the real thing. 

The First liledical Regiment, a part of the First Division, was long sta- 
tioned at Carlisle Barracks and served as demon.stration troops. TYhen the 
reorganization of the army took place in 1940, and the large or “square”® di- 
vision of the first "World War was abandoned, it was nece.s.sarv' to change the 
demonstration troops at Caiii.sle Barracks. The First IMedical Regiment was 
transferred to Fort Ord, California, since for a time the National Guard re- 
tained the “.square” divisions. In its place at Carlisle Barracks there was cre- 
ated a new medical organization, the Thirty-Second IMedical Battalion, some of 
the seasoned men of the First jMcdical Regiment being retained as a nucleus of 
the new body. The new or “triangular”® division of our present Army is much 
smaller than the old “square” division, and has a medical battalion iustead of 
a medical regiment. Our new' demon.stration organization has taken over the 
splendid bairaeks constructed for the medical regiment and the work goes on. 

The mission of the Thirty-Second Medical Battalion is thus to demoustrate 
to students of the jMedieal Field Service School the current methods of perform- 
ing those militarj- functions W'hich are outlined in theorj' from the lecture and 
conference platform. It .show's how' the pi-ortsions of Army Beyiilations and 
the numerous Training Manuals should be carried out. Thus, its work differs 
•somew'hat from that of any other medical battalion, for it merely show's how' to 
give medical support to an infantry divi.sion, but does not have actual care of 
patients. It could at any time take the field and perform such duties. 

The Thirty-Second "Medical Battalion has to he able to demonstrate the 
work of any medical battalion, and something more. It must also be prepared 
to demonstrate the work of other medical unit.s, such as those w'hich normally 
functio n in the front and in the rear of the medical battalion in combat. In 


♦ I “.“fliiare’' tllvi.nion was so calle.l bficauso It con5JsU*<l of tu*n - t 

run 1*0^10101118 with supportinp artiner\' an<! service troops \ 

'UvlMnn rosiments with “upporting iirtiUors- ami troom “‘“H 

nf some 21 *. 000 men and wa.*? fn voj^ue In World War I Thry 

nf i-oma men is the only infantrj- division now found in Smter.W 
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other AYorcIs, its personnel must umlerstand not only their own work, but ulsotlic 
work of many other instillations. To insure better (liseipliiK* if.s men use rifles 
in drills, it beinfr under.stood that in actual field ojierations rifles would not he 
used. Medical soldier.s are unarmed, except for a sniafl number of automatic 
pistols, authorized by the Uonova (.'onvontion for selfalefense and for the defense 
of patient.s in their care. 

Since the demonstration troops at Carlisle mnst he able to slafic mimic 
battles, tlic men of tliis organization mnst be able to play the roles of infantry, 
artillery, and other troojis for demonstration ]nirpose.s. They are like a stage 
army, but a stage army that can nctnally do in real life the things they demon- 
strate on an outdoor “.stage” covering many sipnire miles. The officers, many 
of whom are graduates of the Command and C'eneral Staff Seliool at h’ort Leaven- 
worth, must understand the tactics and leelmiquo of the other arms and 
services. 



Pig. 12. — Carlisle Barracks Troops at tlic New York Flag Day Parade, .luuc 11 . lai- 
This photograph by A. P. Sozlo was taken without the knowledge of the a2nd Jledica! J^ttalion 
and the Medical Field Service School Band here seen passing the reviewing .stand, llic fine 
military appoarunce of these soldiers won them the olllciul commendation of Bieutennnl-Generai 
Hugh A. Drum, Commanding tlie Second Army. 

The skill acquired by the persomiel of the demonst ration troops at Carlisle 
Barracks lias resulted in frequent witlidrawals of cadres of officers and men 
to form the nuclei of neiv organizations. They are the leaven which causes a 
new medicomilitavy unit to develop to it.s desired size and skill. 

EQUIPJIENT LAIIORATOKY 

The Medical Department Equipment Laboratory is one of the important 
entities of Carlisle Barracks. Here are deveIo]io,d apparatus and appliances 
for use by the Medical Department in the field. New ambulances and other 
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vehicles are built and tested. New articles of equipment, such as iii-st-aid pack- 
ages and containei-s, field x-ray apparatus, littci-s, and equipment for battalion 
aid stations, are developed. Indeed, whenever a new problem as to medical 
supplies or equipment arises, it is this laboratory on wliich falls the dut} of 
creating a model to fill the need. iMauy of the now standard article.s of medieal 
equipment were firet only worlving models at the ^ledieal Department Equip- 
ment Laboratory, and after glassing rigid tests, were finally adopted by the M ar 
Department on the recommendation of the Surgeon General. 

The variety of equipment and appai'atus developed at the ^ledical De- 
partment Equipment Laboratory is very great. Some of the articles long in 
standard use in the military service had their origin in working models de- 
veloped in this laboratory. Some of the more recent models include ; 

1. Four-^Y]lC€^ Dnvc Cross Couniry Ambulance : 'With a capacity for four 
litter or seven sitting patients, this ambulance can operate over roads in any con- 
dition or cross country. 

2. Multiple Motor Ambulance (Bus Type) : This vehicle operates at rapid 
speed over paved highways and at moderate speeds over rough roads. It has 
a capacity for 20 sitting patients or 12 litter patients. 


3. Animal-Drawn Cavalry Ambulance: Even in this age of mechanization 
our Army still has some horse cavalry and horse-drawn artiUery. Obviously, 
to be of service to such rmits, ambulances must be able to go wherever the units 
themselves go. This ambulance answers such requirements. Its low center of 
grardty makes it hard to overturn and makes it most effective on rough terrain. 

4. Mobile Surgical Hospital: This unit is actually a hospital, contained in 
fourteen vehicles. There are seven large vans, of the semitrailer or bus type, 
four of which are complete operating rooms, the fifth a sterilization room, the 
sixth an x-ray room, and a supply room and office. There are also two power 
trucks for supplying electric current, two cargo trucks, one of which is a kitchen : 
one Engineer Purification Unit track, and two command car’s. 

D. Mobile Army Medical Laboratory : One large motor rmn is thoroughly 
equipped for laboratory work in the field. 

6. Hospital Trains: This includes a twenty-ton box car, for use in the 
combat area. The hospital train includes 16 ward car’s, two car’s for IMedical 
Department enlisted men, one car for officer’s and noncommissioned officer’s, one 
dressing and dispeirsary car which iircludes the kitchen, and one rrtility car. 
Besides these the number of ward car-s varies according to the imnrediate needs, 
depending on the number of casualties. A hospital train unit car, built by the 
Pullmair Company iir accordance with the specifications of the lledical Depar’t- 
ment Equipmeirt Laboratory, was sent to Carlisle Barracks for study. It is de- 
signed to furnish food and operating room facilities for a full trainload of pa- 
tients in the Zone of the Interior. Attached would be a baggage car and a 
variable number of sleeping or chair cars. 


(. Arctic Medical Unit: Full equipment is carried in a pack bv the medical 
sokber on skis. In transporting the wounded tlie skis and litter form a sled for 
>c patient while the medical soldier uses snow shoes. 
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Among the other pieee.s of ecptipmeiil more recently developed arc a port- 
able field disinfector, wheeled litter carrier, ])ack carriers for equipment of 
medical detachments, folding arm splint, folding leg splint, flight service chest 
for use by medical units with the Air Forces, field (iijcrating light with gen- 
erator, new individual eeiuifuticnt foi- the medical soldier and for the medical 
officer, a new first-aid packet, a ])ortable still, chemical heat ])ads, neon emergency 
operating lights, and new medical ccpiipment foi' ])arachutc infantry. A recent 
devclopinonl is the medical eiiuipment for use with parachute troops, material 
that can withstand imracluitc drojrping. 

The foregoing articles of eipupmcnt were displayed by !)ic offi(‘cr in charge 
of flic itfedical Departmont Etpiipment Laboratory and his staff at the meeting 
of the American IMedieal Association in Atlantic City, dune 6-32. 1042. The 
greatc.st interest was manifested by delegates and other visitoi’S. 

Medical Field Service SchooFs First War Casnalitj. — On Itfarch 26, 1942, 
Ma.ior James Augustus itIcCloskcy (1000-] 042), .llcdical Corps, a graduate of 
the Medical Field Service Sciiool in 39,37, was killed in action in the Bataan 
Peninsula, Philippine Islands, lie is our first war casually, though there have 
been othera reported since. A tablet in his memory lias been jdacod in the Chape! 
of the Medical Field Service School, dedicated with aiqn’ojn-iatc ceremonies. 

Medical Adminisiralivc Officer Candidate School al Camp Barhltif. Texas . — 
So great 1ms been tlie need for officers for the Dlcdieal Administrative Corps 
that on April 15, 3942, the "War Department ordered the creation of a second 
school for the training of approved candidates. It was established at Canq) 
Barkeley, Te.xas, and was organized .so rapidly tlial the fiisf class began its in- 
struction on Jlay 9, 1942, and has since been graduated. This school is doing 
work comparable with that carried oti at Carlisle Barracks, though, of eour.se, 
with less equipment. No instruction of oflieei-s is given at Camp Barkeley. 

While the Officer Candidate Seliool at Camj) Barkeley is not a lirancli of the 
Medical Field Service School, it is, in effect, an offsjiring of it. The Connnancl- 
ing General of the Dlcdical Keplaeement Center at Camp Barkeley, Brigadio'- 
General Roy Cleveland Hefloliower, is a medical officer, and the Assistant Com- 
mandant and other members of the faculty of the Camj) Barkeley School were 
taken from the faculty of the Jledical Field Service Scliool. The curriculum at 
Camp Barkclej' is essentially the same as that of Carlisle Barracks. Tlie medical 
soldier-s at Camp Barkeley furnish ample demonstration units in connection with 
the training of the officer candidates. 

Since the preparation of this report, the War Department has ordered that 
effective January 1, 1943, the Officer Candidate Cla.s.ses at the Medical Field 
Service School be discontinued upon graduation. Thus by Dlarch 1, 1943, there 
will be no more student candidates under instruction. In future tlie training 
of candidates for commissions in the jMedieal Administrative Corps will he 
carried out at the Jledieal Replacement Center at Camp Barkele.v, Texas. Tims 
the whole effort of the Medical Field Service Scliool will be devoted to tlic train- 
ing of officers. The course Avill be extended to six weeks instead of one month as 
at present. The special conrses for offieei’s will also be given at Cai'lisle Bar- 
racks as needed. 
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CON'Ct^USIOX 

The medical ])rofe,s.si()n of our eonntry owes luiieli to (he Army jMcdieal 
Department. Some of the grcatc.sl advaiiec.s of ^Nmerican science have been 
made hy our medical officci's. !Mauy of them arc not well known as Army gifts. 
Army medical officers have inter (ilio given our countiy its first medical book, 
its first pharmacopoeia, its first textbook on bacteriology, its greatest bibli- 
ographical work — the Index Catalogue of the Army jMcdieal Library. Army 
medical officers introduced A'accination to America, developed our present system 
of typhoid fever prophylaxis, showed that the mosquito transTnits yellow fever, 
created America's first school of preventive medicine, developed the largest 
medical library the world has ever known, establi.shed the largest medical mu- 
seum in America, first .showed the importance of proper ventilation, created the 
fii-st large American hospital (the New York Ho.spital), introduced photo- 
micrography, invented the purification of drinking water by liquid chlorine, and 
many another piece of scientific research and achievement which now benefit 
mankind. They have successfully fought epidemics of many kinds and in many 
quarters of the globe. 

The school developed by the Army !Medical Department at Carlisle Bar- 
racks is, we believe, proving itself one of the Army’s worth-while gifts to the 
whole country. It is worthy of inclusion in the above roll. If by its teachings 
it can prepare medical officers more efficiently to care for soldiers in the field, 
to prevent disease and in,iuries wherever possible, and to cure them when they 
have been unavoidable, it will have accomplished a noble mission, AVlien such 
mission is one that intimately eoncenis every household in the land, it is of 
supreme importance indeed. To the end that our men may be the better pro- 
tected, the ilcdical Field Ser vice School devotes its everj” energj' and its every 
thought. Its personnel are mindful of the full purpose of the school’s motto: 

To Conserve Fighting Strength.” These words are not merely worn on the 
badge of the school that fonns a part of its pensonnel’s unifonn. They are deep 
set into the conscience of every man connected with this seat of learning on 
which so much now depends. 



FiK. 13.— Coat of .arms of the Ale.lical Fieltl .Senice School. 



THE MANAGEJIENT OF THOEACJC AVAR INJURIES* 


JaMKS II. FokSKK, Ij.WVKKN’CK jM. ShKIT.'^, AI.I)., llK.V.rAMIN’ BURIiAXK, AI.l)., 

Lko J. Fitzpa thick, Al.l)., ant) TnoMA.‘< H. BintroRi), AI.D., U. S. Army 


T he niaiui'ienient of llioracie injuries lias always eonstitufed a serious and 
significant, iiroblcin. The i'rerjueney of chest injuries and the attendant high 
mortality demand more than jiassing attention. Berry, ^ in quoting Iloehc'.s 
review of 11,000,000 wounded in World War I, stated tiiat tlioraeic wounds were 
third in order of frequency and the mortality of tliis group Avas 56 per cent. 
Avhereas the total mortality was only S per cent. l*'urther, in reviewing the cause 
of death among 12,350 killed. Hoche found that thoracic injuries accounted for 
20 per cent and Avas second only to head injuries. HeBakey,” in his e.xcellent 
collectiA’e revicAv, quotes Sauerhruch, Crafoord, Trueta, and Loefiler as finding 
the frequency to he from 12 to 40 per cent. Such fre(|ncncy and mortality 
justify a serious and detailed consideration. 

That a considerable proportion of deaths occur near the .scene of the trauma 
is evidenced by Duval’s statistics, as (pioted by DeBakey.’^ He found that the 
mortality decreased progressively from adA-anced aid .stations to base haspitals, 
being 30 per cent at aid stations and 15 per cent in ba.se hospitals. The one factor 
Avhieh can and Avill reduce such fatalities is the earlier definitive treatment by 
surgeons trained in the management of thoracic injuries. To effect this it is 
neces-sary, in the mobile Avar uoav occurring, to have an equally mobile .system 
of eAmeuation and treatment, flexible enough to meet casualties .soon after the 
injuries are incurred. This entails first, the special training of surgeons and 
their assistants in the care of che.sf AA’ounds, and second, an organization AA'hereby 
they are aA-ailablc on short notice to function in jiroperly equipped medical in- 
stallations at the point of ma.ximum casualties close to the battle front. 

The success of such an attempt in reduction of mortality depends largel.v 
on the ability of the personnel and the proper functioning of the medical installa- 
tions in AA’hich they Avork. Surgeons especially trained in thoracic surgery not 
only must be used in carrying out the neccs.sary surgery but also as instruetors 
in training general surgeons in the immediate care of thoracic injuries. There 
are too fcAV specialists in thoracic surgery of field ago aA’ailable. Tliis deficiency 
can be remedied by the training of general surgeons in the fundamentals of 
thoracic physiology. This training could be.sl be carried out in hospitals Avhere 
chest eases Avould be concentrated. Such centers AA-ould also jicrmit training in 
bronchoscopy' and Avould make possible the training of anesthetists in the tech- 
nique of endotracheal anesthesia. AVe feel that as the advent of endotracheal 
posith'e pressure anesthesia has been a A'eiy important factor in the great ad- 
vances of thoracic surgery in the last decade, it can be an equally important 


From the Second Auxiliarj- Surfrical Group, L.atvson General Hospital. Atlanta. Ga. 
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factor in the decrease of mortality in M’ar m-oiukIs of the cliest. Such a program 
would fulfill the necessity for early definitive treatment by trained personnel. 

The second factor involved is one of time and distance. Reduction of tlie 
interval of time between in.iuiy and definitive treatment I'esolves itself into either 
having the surgeon immediately available to the fast changing mile-devouring 
fronts or having rapid evacuation of the wounded by airplane or motor to the 
surgeon. 

A program of early definitive treatment by trained personnel as outlined 
above ■will not only reduce mortality of thoracic in.iuries but also decrease mor- 
bidity, reduce the number of days of hospitalization, and eliminate a large num- 
ber of chronic empyema cases ■\vhieh linger on long after the ‘war is over and 
which are the obvious result of treatment usually applied late and incorrectly. 
The elimination of such a large group, requiring ho.spifal care for many yeai-s, 
would be economically sound. 

The more important problems concerned in a presentation of the manage- 
ment of thoracic injuries include a discussion of the relation of wounds to tj"pes 
of projectile, shoch, hemorrhage, open pneumothorax, tension pneumothorax, 
interstitial pulmonarj* emphysema, massive collapse of the limg and contrecoup 
injurj', “blast lung,” eeehj-motic mask, cardiac concussion, -n'ounds of the heart 
and pericardium, cardiac resuscitation, acute and chronic empyema, foreign 
bodies, combined abdominothoracic wounds, chemotherapy, and anesthesia in 
thoracic injuries. 


REL.A.TION OF TYPE OP PROJECTILE TO WOUND 

The steel-jacketed small caliber bullet, as used in small arms fire, Avill result 
in a perforating wound. Although the path of the bullet from point of entrance 
to point of exit may be very bizan-e, ricocheting far from its original line of 
entry, the wound caused is not of the tA'pe produced by high explosive. Its long 
and narrow path is marked by a coagulated and seared trail. However, in 
injuries from shrapnel, high explosive artillery shells, hand grenades, bombs, 
or debris of falling buildings, large lacerated wounds of the chest result ■^nth 
serious prognosis. 

In recemng casualties from a given sector, the kno'wledge of the tj'pe of 
small arms used and the tj'pe of high-explosive shells laid do'um by the artillery 
can usually be ascertained; this knowledge is important in planning the care 
of casualties already present as well as preparing for the expected additional 
wounded. 

SHOCK 

When a patient is first seen uith a chest injury, it is often difficult to de- 
termine whether the shock present is due to hemorrhage or to a disturbance in 
the cardiorespiratory mechanism. In such cases any obvious source of hemor- 
rhage must be immediately controlled, and heat and oxygen therapy must be 
luomptly administered. Such conditions as sucking wounds of the thorax or 
rapidly progressing tension pneumothorax will produce the sjTuptoms of marked 
shock. Numerous fractured ribs approaching the “stove-in chest” or “hin»e 
iraeturc” with its many anterior and posterior fractured ribs .should be immedi- 
atdy immobilized. The correction of the abnormal mobility of such a chest will 
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rapidly decrease llic iiitensily of the shock. The simple.s( and often the most 
efficient immobilization is the eirenmforcntial strappiiifr of the lower costal 
margin, as advocated by Blades." A rai)idly decreasing vital capacity as the re- 
sult of pulmonary eollai)se from bleeding into the ])loural cavity can simulate the 
complete clinical picture of shock. The reduced vital eapaeity has as a rc.s«ll 
a proportionate anoxia. The resultant shock is generally not due solely to blood 
loss into the pleural cavity but to the sudden decrease of vital capacity a.ssociatcd 
with mediastinal shift. In such instances the patient .should be placed in a 
semisitting po.sition, since he is usually more comfortable and can breathe more 
easily in this position. The same jiosition .should be used following treatment for 
any condition wherein the vital caitncity has been decreased. Vital capacity is 
often further decreased by reduced resi)iralory excursion resulting from pleural 
pain, the most common cause of which is fractuir of the ribs. 

The treatment of shock in chest injuries reejnires the same close attention 
as it docs in other injuries ju'oducing .shock. Plasma transfusions are especially 
valuable in correcting hemoconcentration whci-ein actual blood lo.ss has not been 
marked. In chest injuries, however, immediate attention must be given to cor- 
recting the abnormal thoracic physiology. A sucking wound of the thorax imtst 
be closed, a tension pneumothorax mu.st be relieved, and hemorrhage from inter- 
costal or internal mammai-y ve.ssels mu.st be controlled. Itlorphine is indis- 
pensable for the relief of i)ain in combating or i)revenling .shock. It is also im- 
portant to remember that considerable lo.ss of body heat occurs in open wounds 
of the chest and immediate clo.sui’c is the only effective control. 

irKMORRIIAOK 

Hemorrhage in thoraeic injuries not involving the heart is from one of three 
sources; chest wall, parenchyma of the lung, or from the large vc.ssels at the hilus 
of lung. A hemothorax may occa.sionally occur from contusion of the chest. 

Severe hemorrhage from the chest wall arises from either the intercostal or 
the internal mammary vessels. AVhen circumstances do not permit a careful e-x- 
posure of a bleeding intercostal ve.s.sel, two circumeostal sutures including the rib, 
placed above and below the bleeding point, may suffice. In this connection the 
anatomic position of the intercostal vessel .should be recalled. The intercostal 
artery medial to the angle of the rib is approximately in the center of the inter- 
costal space, and from that point anteriorly the ves.sel progressively approaches 
the inferior border of the rib above so that from the angle of the rib forward 
the vessel is under the edge of the rib in the subcostal groove and simple circum- 
costal ma.ssive suture may be insufficient. In hemorrhage from the internal 
mammary artery it is imperative to ligate both ends of the lacerated vessel since 
hemorrhage can occur from either end. The vessel is located approximatel.v 
one-half inch lateral to the edge of the sternum. E.xsanguination ma.y occur in 
a few hours from unchecked hemorrhage from the internal mammary arteiy. 
Hemothorax in which there is no lesion of the chest wall or parenchyma of the 
Imig may occasionally be caused by contusion of the chest. 

Hemorrhage due to injuries of the parencliyma of the lung will often be 
associated with a pneumothorax and a hemopneumotliorax will result. In the 
absence of fractured ribs or wounds in the region of the intercostal or internal 
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mammary vessels it may lie assumed that the etiology of a homopiicumothorax is 
parenchymal hlecdiug. Hemoptysis may or may not occur. The immediate effect 
of parenchymal bleeding into the pleural cavity will be a compression of the lung 
and the eompre.ssion often stops the bleeding. The after treatment of hemo- 
thorax once the hemorrhage has stopped rc.solvcs itself into any method that uill 
re-expand the collapsed lung. There are in the main three schools of thought ; 
first, energetic aspiration repeated often enough to keep the che.st dry; .second, 
watchful waiting in which aspirations are performed only to relieve cardio- 
respiration embarrassment ; third, a line of treatment that is somewhat midway 
between the two. This consists of aspirations (not primarily aimed at keeping 
the chest diy) and of partial replacement with air. The first has the advantage 
of removing an excellent culture media, but it has the disadvantage of possibly 
revhing the hemorrhage due to the high negative pressure resulting from re- 
moval of a large amount of blood ivithout replacement unth air. The second is 
advantageous only in that less exei'tion is necessary in treatment. It has the 
definite disadvantage of a long period of hospitalization awaiting absorption 
of blood and re-expansion of the lung with the probability of a re.sultant fibro- 
thorax, and prolonged chronicity. Further, should infection develop it would 
occur in a large pleural space and a total empyema often results. The third 
method is repeated (after seventy-two hours) with pai’tial replacement by air. 
The aspirations are so spaced as to empty the pleural cavity of blood gradu- 
ally. The air replacement should be controlled by noting the intrapleural 
(pressure) readings as recorded on a pneumothorax apparatus. If such an 
apparatus is not available, air may be replaced in a proportion of 50 per cent of 
the fluid removed. This was popularized by Morelli^® in "World War I. 

Severe lacerations of the parenchyma, especially those extending into the 
hilus and invohdng the large vessels, may necessitate lobectomy or even total 
pneumonectomy. These will most often be associated with large open wounds of 
the chest and will be available to actual imspeetion. If adequate facilities are 
available and the condition of the patient permits, indiHdual ligation lobectomy, 
as described bj^ Blades and Kent' should be done. If hemorrhage is massive and 
the condition of the patient does not permit a lengthy operation, then massive 
tourniquet ligation is indicated. It seems probable that lobectomy will be em- 
ployed with greater frequency in the early management of severe pulmonary in- 
.iuries, and if properly employed, will, it is believed, be highly successful. 

OPEN PNEUMOTHOP.AX 

Trauma to the chest resulting in open wounds exposing the lungs is not 
always fatal. The same may be said of bilateral open wounds. Graham’® and 
Bell proved experimentally that a wound exposing the pleural cavity could 
be tolerated if the amount of air entering the woimd was not greater than the 
difference between the tidal air and original vital capacity. Thus the important 
factoi-s arc the size of the wound and the original vital capacity. The lung on 
the m.iured side does not collap.se to a point wherein it is nonfunctioning when 
It js exposed to atmospheric prcs.surc.s even when the pleural cavity is free of 
adhesions. During the respiratory cycle the pre.ssures e.xeited on the exposed luno- 
arc not always atmospheric. The thorax is a flexible momng container dui-in" 
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the respirafoi’y eyclc, and lliero may ho ovoii iic<iativc ])rossin’0.s in liie exposed 
side dnriny inspiral ion.'** This jtennils a laisli ol’ air fhroii'rli iJic irlolfisia an- 
swer to llic noyativo intrapniinonio j>rossnro oeeasioned l)y llie onlaryoment of 
llic chest on insi)irati()n. Tims, if difi’eronee of pressures j)erinit of the entrance 
info trachea of amounts of air to answer the tidal air rerpiiroinent, the patient 
will not die of asf)hy,\ia. TJici'o is also the factor of interferoj)ee with function 
of tlie contralateral side. In the healthy jan'.son the inediastinnin which is free 
of adhesions and is not stiffened hy previous intlannnatory involvement permits 
transmission of pressures thi-onyh it so that almost identical pressures may he 
found in both pleural cavities. Thus the deerea.se in vital capacity from an 
open wound of one side of the chest arises from both luny.s. This has flic prac- 
tical effect of a lolci'anee of laryer wounds in persons with a st ift’ened medi- 
astinum. 

If the amount of air enterinir the open chc.sf wound during each in.spiration 
is large enough to interfere M-ith intake of the tidal air rcfjuirement, a.sphyxia 
will occur. In such ca.ses an intere.sling and vicious chain of events ensues im- 
mediately. There is an initial decrease in vital capacity. The exposed lung Avill 
move to the degree that the mediastinum shifts with each nnoppo.sed inspiration 
and expiration of the contralateral lung. This resultant mediastinal shifting 
increa.ses in rajiidily as anoxia from the initial reduction in vital capacity be- 
comes more marked. This .shifting is termed “mediastinal tlulter.'’ Such .shift- 
ing will have a direct effect on the right side of the heart. Since the lm.se of the 
heart is fi.xcd as compared to the apex, if will permit considerable movement of 
the ape.x. This shifting on the ha.se folloAvs the rapid fluttering of the mccli- 
a.stinum, and kinking of the large vc.sscls entering the right side of the heart 
will ensue. Anoxia further is increa.sed hy the jihonomena of jjendulum re.spira- 
tion. On each exjiiration the air from the continlateral lung ivith its predomi- 
nant carbon dioxide content is only ])arlially exhaled, and part goes over into 
the main and secondary bronchi of the collajised side. On the next inspii'ation 
the air taken into the contralateral lung is composed of atmospheric air from the 
trachea and air with a high carbon dioxide content of the air reaching the con- 
tralateral lung. Thus the chain of events starts with a reduction in vital capacity 
which involves hath lungs, and each step further dccrea.scs it. The shifting 
mediastinum interferes with the projicr filling of the right side of the heart, the 
progi'essive anoxia of pendulum i-espiration ensues and must be treated as an 
extreme emergency. To break the chain of events closing the wound of the chest 
is the method of attack. 

The immediate treatment of open wounds of the thorax is simplieitj' itself. 
Closure of the wound is imperative. This ean be done by gauze pads and ad- 
hesive applied so as to make an airtight dressing. As soon as possible it is 
essential that the wound be closed surgically, for it is seldom that a dressing of 
.such a wound remains airtight for ver.v long. If adhesive and gauze is not avail- 
able, large safety pins may be used to close the wound. At the lime of the dress- 
ing any obvious foreign bodies .should be removed fi'om the pleural cavity, and 
all foreign bodies should be removed ivhen the wound is later closed surgically. 
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The essential point is that the open pneumothorax must be converted into a 
closed pneumothorax. The tost of the efficiency of the emergenej closure is the 
absence of the suckiii" noise aceoinpanyin" respiration. 

If the parenchyma of the lung is lacerated, clo.sure of the wound of the 
chest will convert the open pneumothorax into a progressive tension pneumo- 
thorax. This then poses a prol)lem in field conditions, for once the wound has 
been closed it is nece.s.sary to provide an outlet from the pleural cavity which is 
equal to, or greater than, the opening of the lung into the pleural cavity. This 
outlet must he a one-way valve, permitting the escape of air from the pleural 
cavity to the outside. This is accomplished by closure of the wound and installa- 
tion of a catheter into tiie pleural cavity and connection of the catheter to a 
water-seal bottle. The water-seal bottle should always he kept below the level 
of the chest. No complicated apparatus is neec.ssary, for under local anesthesia 
through a skin incision the catheter may be introduced into the pleural caAnty 
through an intercostal space. If the patient is to he transported a considerable 
distance, the Avater-seal bottle may he too cumher.some and a rubber flutter A'alve 
may he substituted. Such a flutter valve may he made by slitting the finger of 
a rubber glove so that a flap is produced. If it is feasible to close the wound 
surgically shortly after it occurs, and if the hmg is lacerated to a degree that 
simple suture is insufficient and the patient’s condition precludes lobectomy, 
the lacerated portion of the lung may be sutured into the rvound. This may 
tide a patient over a critical period and more definitive surgerj’ may be done 
later under more favorable circumstances. 

It A\ill bear repetition that treatment of the accompanying shock, position 
of patient, oxygen, wamth, pla.sma transfusion, and sedation is e.s.sential. 

TF.KSIOX PXEOIOTHOKAX 

Tension or pressv;re pneumotliorax is the re-suit of a pleuropulmonary con- 
nection.*' This connection is the result of rupture of the parenclnTna, and the 
tear acts as a one-way valve which permits the entrance of air from the 
parenchyma into the pleural cavity. There is no opening for the air to escape 
through an intact chest Avail and the pressure in the pleural caA'ity aaTII rise 
progressively. The rapidly progressing tension pneumothorax causes marked 
dy.spnea and all accessory muscles of respiration are utilized. Cyanosis becomes 
prominent as the mediastinal shift causes interference AAuth heart action and the 
A'cins of the neck become prominent. Dy.spnea and further reduction in A’ital 
capacity result from media.stinal displacement. The di.splacement is aAA’ay from 
the involved side. The patient sits in a semiorect po.sition, and as the dyspnea 
increases, the patient’s Avorried anxious expre,ssion is a.s expected of one fighting 
for his breath. It is essential to decomprc.ss the pleural .space immediately. 
II hetlier it is necessary to maintain continuous decompression depends on the 
size of the pleuropnlmonary opening. Repeated decompression by needle aspira- 
tion may suffice, but if aspirations haA'e to be repeated for more than once daily, 
it is probably far safer to install a continuous decompression. In injuries oc- 
curring on the battlefield the average ca.se has a greater margin of safety by 
this me thod. This may Jjc done hy introducing a large bore. Nos. 14 to 16 gauge 

•A tpnplon pneumothorax may al.«o result from a pleurocutaneous wound. 
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ueccllc, into llie pleural cavity, strappiii'i it. in ])lace, hoinf,' careful not to oKslnict 
the Ininen of the needle. If .such ncc(lle.s arc not. larjic onoufrli to ac'fioini)li.sli de- 
compression, an intercostal catheter connected with an under water-seal bottle 
mnst he nsed. Besides the patient’s ohvion.s dysiniea and cyanosis, a constant 
check on the efficiency of the docoin])rc.ssion is the ])o.sition of the trachea as 
palpated in the neck. As decompression is aceom])lished, the trachea rcsumc.sits 
midline position from its displacement away from the side of the tension pnenmo- 
t borax. 

INTiaiSTITIAI. FUFMOXAllY KMIMI YSI-IMA 

Spasm of the glottis is a reflex meehanism of sudden eompre.ssion injury 
to the chc.st. As a result, air is trapped in the lungs and eompre.ssion of the 
chest raises the intrapulmonic i)ressure suddenly, and rui)lure of alveoli in the 
parenchyma of the lung occurs. The inimping action of respiration forces air 
out into the intei-stices of the j)arenchynia. The air travels along the branehc.s 
of the bronchi and blood ve.sscl.s, ascending to the hilus and thence up the 
mediastinum.’^ The a])pcarance of subcutaneous emi)hy.sema.s at the base of 
the neck may be the first indication that such a condition exists. Roentgenograms 
will reveal presence of air in the mediastinum. This condition may be found 
in absence of any pneumothorax, fractured rib, or hemothorax. This condition 
has been noted in jiatients suffering from severe asthmatic attacks. 

Treatment consists of watchful waiting. In most instances sjiontaneous 
recovery results. It is essential to note whether or not there is extension of the 
emphysema from the base of the neck outward to the shoulders, up into the neck, 
and down onto the ehest. If this extension is iircsent, then it is evident that 
this is acting as a decompression, thereby relieving the pressure in the medi- 
astinum. If the air does not dispense itself as described above, the jiressure will 
rise in the mediastinum and tend to compress the large veins. This will inter- 
fere with filling of the right side of the heart and obvious distention of the 
neck veins will occur. Simiily marking on the skin each day the progress of 
the emphysema is a sufficient guide. If the neck veins become distended, and 
there is no increase in subcutaneous cmphy.sema. then a mediastinotomy is m 
order. Mediastinotomy carried out just medial to the lower end of the sterno- 
mastoid muscle entering into the superior mediastinum will usually suffice. 

JIAS-SIVE I'ULjrOXAKY COI,L,AFSE AXD COXTKKCOUl’ IX.IUKY 

Massive pulmonary collapse occurring as a result of ti'auma to the chest 
may involve all the lobes of one lung, but more often it involves one, or at most 
two, lobes. This condition may also result from trauma to the abdomen. In 
either trauma to the abdomen or chest tlie actual amount of trauma may he 
relatively insignificant. Collapse may occur from pressure effects of bomb or 
shell explosives. In cases of direct trauma or pressure effects of exiilosions, 
a contreeoup collapse may occur witli only minor involvement of the lioniolateral 
side. The mechanism of massive pulmonary collapse is obscure. One theory 
is that it is a reflex inhibition of movement of the chest wall with interference 
of the usual aei’ation.^’ 

Clinically, the patient will present far more dyspnea than one would expect 
from collapse of one lobe. Cyanosis even though more than expected is not as 
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marked as the dyspnea. The t rachea is found deviated to the side of the collapse. 
Cardiac dislocation toward the affected side will usually he found. Sudden lise 
in temperature from normal to 103° or 104° P, is also a common finding. 
Physical findings of a nonaerating lobe or lobes will be found. Pollowing spon- 
taneous aeration or in arcation following treatment, rales will appear, and in 
spite of roentgenologic evidence of good aeration and disappearance of the 
dyspnea and cyanosis the ndes may remain for several days. 

Treatment is directed toward reexpansion of the involved lobes. Use of 
carbon dioxide is recommended to increase the depth of rc-spiration. The patient 
should be turned with the involved side up and made to cough at five- to ten- 
minute intervals. If coughing is weak and ineffectual, intubation may be carried 
out without moving the patient from the bed. A curved semirigid mibber 
catheter (JIcGill) may be inserted directly into the trachea, and .sudden .suction 
of consideriible intensity should be applied to the catheter. During the intuba- 
tion the patient will often cough stronously enough to aerate the lobes involved. 
If these measures fail, then bronchoscopy should be carried out to remove mucus 
from all bronchial orifices. Such endoscopy should be done under local anes- 
thesia and without anesthetizing the vocal cords or trachea. In a .s-urpri.singly 
large number of eases the collapse will di.sappear following bronchoscopy wherein 
only small amounts of mucus arc aspirated from orifices of bronchi to the in- 
volved lobes. It is imperative that treatment be immediate and energetic. Per- 
mitting such a collapse to persist will, in the ma,iority of case.s, result in pneu- 
monic consolidation. If there is any question of the persistency of the eoUapse, 
prompt use of sulfonamide drugs will often prevent an otheruise serious 
pneumonia. It is felt that the ma.iority of postoperative pneumonias are pre- 
ceded by some degree of similar collapse. 

HOUR ueast (“be.vst ecxg”) 

Mass bombing with high explo.sivcs has accentuated the importance of blast 
injun' to the lung, Zuckerman and his coworkers,'’" through an exten.sive series 
of experiments, have shoum that the in.iurA' is due to the dii-ect impact of the 
wave upon the chest wall. Lesions have occurred even when the suction com- 
ponent was excluded. 

Experimental animals sub.icctcd to the detonation of high explosives show 
the following sequence of events ; There is an initial fall in blood pre.s.sure which 
is ascribed to shock from trauma. Those animals who sunive this initial .shock, 
but develop pulmonary lesions, reveal a lowered blood pressure and marked 
d.v.spnea. These effects are due to the parencln-mal changes, which result from 
the sudden compression of the chest wall by the wave of high pre.s.sure, which 
simultaneously retards expulsion of the air through the trachea. As a result, 
(he delicate alveolar tissues arc ruptured. At the same time the reserve of the 
pulmonary capillarj' bed is reduced.’' "Wcarn has shown that reduction of this, 
c.speeially when accompanied by an increase in the blood volume, re.sults in an 
increa.se of the intrapulmonary pre.s.sure and subsequent fall in the .sy.stemic 
pre.s.sure. If the available capillary reser\-e is reduced to the point where it is 
msufificient for even the resting venous return, pulmonan- edema rrill rc-sult 
Pathologically, the most per.si.stent finding in these animals was multiple 
areas of hemorrhage in the parenchyma of the lung.« The.se hemorrhagic arca.s 
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Jire most common nlong tlie lino of ribs, suggesting Hint tlicse liavc been driven 
forcibly against the lungs with resultant contusion. ^licroseoijically, the typical 
lesions con.sistecl of rupture of the alveolar wall, with hemorrhages originating 
from the torn alveolar capillaries. The alveoli and smallest bronchioles were 
filled with blood. 'Wliero hemorrhage Avas .severe, frefpienlly there was collapse 
of the corresponding lobe. 

The finflings in clinical eases of blast injury are very similai' in all respects 
to those of the experimental animals. l\Iany patients who died had no evidence 
of external injury and just showed blood-.stained froth in the mouth and nose. 
Post-mortem examination revealed the pulmonary hemorrhages and lorn alveolar 
structures. In patients who have .survived the initial bla.st. there is evidence 
to indicate that thei'o occurs a diapedesis of red blood cells from intact capillaries 
which is progrc.ssive and lasts for as long as fifty-one houi's."''' Those patients 
who .survived prc.sented the following clinical featui'cs: Shoelc was evident in all 
and profound in many. Dyspnea was univensal, Init in many eases did not be- 
come very evident until forty-eight to .seventy-t wo hoins following the injury.’^ 
Cyanosis was jircsent in all cases and was i)roi)ortionale to the degree of injurv'. 
Chest pain was of two types, a constant, deep eentral tyi)C aJidlateral jiain which 
was as.sociated with the respiratory movements.'*- -Abdominal pain and rigidity 
Avas the predominant finding in .some ca.se.s. but each ea.se sulijeeted to laparotomy 
failed to disclose serious iutra-abdominal injury. Ilemoiitysis was not frequent, 
but blood-stained sputum was common. Cough and exi'>ecloration Avcrc absent 
in the first twenty-four hours but iiu'ariably aiiiieared thereafter. Kupturc of 
the eardrums Avas practically pathognomonic. 

Physical sign.s wore very meager. A universal finding Avas the “ballooning 
of the loAA'cr part of the chest. "■*- The thorax Avas apparently one-half to three- 
fourths distended and fixed in the jAosition of insjiiration. Percussion resonance 
AA'as usually normal. Breath sounds tended to be distant and rfdcs Avere A-ariahle. 
X-ray examination Avas of great help in establishing the diagnosis. The typical 
picture comsists of bilateral mottling of the lung fields, resembling a patchy 
bronchopneumonia, Avhich usually clears in seven to ten days.'*- 

It should be noted that in bombing casualties, not all jicrsons in A\'hom there 
is no external evidence of injury die from the direct effects of blast. Indeed, the 
English obsei'A-ers emphasized that more people die from .such indirect effects as 
asphj'xia, carbon monoxide poi.soning, injurie.s sustained from being trapped in 
collapsing buildings, and injuries from missiles. The diagnosis of true blast 
injury of the lung rests upon a reliable history, the presence of shock in the 
absence of any external injurie.s, and the dcA-clopment of serious respiratory 
difficulty. 

Treatment of this condition is based uiion the foregoing observations. Ab- 
solute rest is imperatiA-e and should be continued until x-ray examination reA’cals 
complete clearing of the lung fields. Oxygen is essential in most cases. In the 
presence of A'enous congestion and pulmonary edema, A’enesection may be a life- 
saving procedure. Abdominal laparotomy should not be undertaken unless posi- 
tive proof of intra-abdominal injury is obtained. Any operative procedure 
should be delayed as long as possible. Transfusions and intravenous flviids are 
definitely contraindicated. ZAickerman has shown that chests AA'hich are well 
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padded are protceted froiri blast injuries.''^ This ob\iouslj pio\cs the iiecc-ssitj 
for air raid shelters. In the absence of such protection one should a.ssume the 
prone position, especially behind some substantial structure. 

ECCHYJIOTIC MASK 

A unique condition is "ecchymotic mask," a bluish-violet discoloration of 
the upper portion of the face and neck extending domiward to include the upper 
portion of the che.st which results from sudden direct eompre.ssion of the chest 
or abdomen. An excellent consideration of this subject lias been written by 
Heuer.=' In civilian life it has most often been seen following compression of the 
chest between the rear end of a truck and a loading platform. Sudden direct 
compression of the extremities while the patient falls, or is thrown inth thighs 
flexed on the abdomen directly, transmitting the compression to the abdomen, 
may also give rise to this condition. In wartime such compre.ssion may occur 
from falling debris in bombing with the patient actually eru.shed. The dis- 
coloration is usually more intense at the areas of pressure, such as collar bands, 
hatbands, and suspenders. 

The mechanism is that of marked venous sta.sis in dilated but intact pe- 
ripheral A’enous capillaries. There is no evidence of diapede.sis. The intact 
vessels and absence of extravasation found microscopically, and tbe absence of 
usual shades of color occurring as an ordinaiy ecebjunotie spot fades is proof of 
the .stasis in intact ve.ssels. The discoloration may also be found in the pharyn- 
geal and buccal mucosa. In these regions, as well as in the conjunctiva and retro- 
bulbar regions, actual hemorrhage may occur. 

Clinically, tlie^ discoloration starts to fade at about the second day and 
usually disappear in two weeks. As a rule, patients are not uncomfortable 
and the majority clear up without sequelae. There may, however, be ocular 
.sjTuptoms, ranging from mild blurred vision to complete blindness. The retro- 
bulbar hemorrhage, or fundal hemorrhage, may result in permanent optic nem-e 
atrophy. Fortvmately, ocular involvement occurs only infrequently. 


CARDIAC COXCUSSIOX 

Bright and Beck”' and IVarburg^- have presented excellent rerdews of 
this subject and have come to tbe following conclusions; Trauma to the intact 
che.st may be indirectly transmitted to the heart. This is especially true in the 
young adult, for the chest is far more resilient and flexible than in an older per- 
son, permitting the striking force to be more damaging to the heart. The tj-pe 
of injury may be a direct blow over the precordial region, anteroposterior com- 
pression of chest between two solid objects (as described in section on ecchymotic 
mask) or a blow to the abdomen causing sudden rise in intra-abdominal pressure. 
As can be seen from the above types of injuries, one must be on the lookout for 
cardiac involvement in any compression injurj’. 

Sufficient experimental work has been done to explain the pathologic physi- 
ology. Trauma may cause an actual immediate rupture, and death ensues 
promptly. The majority of cardiac injuries reported which resulted in death 
consisted of immediate rupture of one of the chambers. Actual contusion may 
ocenr, with hemorrhage and softening and eventual cardiac rupture. The con- 
tusion with resultant petechial hemorrhages may commonly involve any portion 
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of the cotuluctioD system. However, the most freciiieiil injury is that causing 
a reflex spasm of the coronary vessels with a syndrome not unlike that of tlie 
common coronary occlusion seen in civilian life causin';: infarction. Immediate 
hemorrhage near a coronary vo.ssel or conduction system may interfere witli the 
lumen of the vessel or the functionin'^ of the conduction system, respectively. 

It has also heen proved expcrimenlally that in case of va'gosympathetic im- 
balance or in a heart, sensitized by adrenalin cardiac irregularities may not only 
occur hut coronary sjmsm may more readily result. Therefore, in the heat of 
battle with the vascular system surcharged with considerable adrenalin slight 
trauma to the chest may caust; considerable cardiac disturbances. 

Clinically, the patient may be dazed or nnconscious. If there is no im- 
mediate rupture, the ]mlient may rapidly recover and have no subjective symp- 
toms for a period of from several hours to several days, at which time prccordial 
pain or discomfort may devcloj) as a re.snlt of vascular occlusion, or the usual 
dyspnea and choking sensation of cardiac irregularities may ensue. 

Clinically, a wide vai'iety of .syndromes may he c-xpccted. In cases of de- 
layed cardiac rupture from actual contusion tlierc may bo a period of one to two 
weeks from time of injury to sudden development of a cardiac tamponade. In 
in.stanccs of hemorrliagc in, or adjacent to. the conduction system a mnnher 
of cardiac irregularities may result. Ectoj^ie contractions, auricular fibrillation, 
and auricular flutter may occur. Various tyjies of heart block have been re- 
ported. The latter have been found in ahsenee of any marked demonstrable 
cardiac damage. 

The basis of treatment in this tyi)e of injury is the recognition of the latent 
interval between injury and actual infarction and between injury and cardiac 
rupture from contusion. In all eases of injury to the chest as de.scribed above 
a regime of rest and sedation should be carried out and continued a.s in ca.scs of 
coronary occlusion. Absolute and complete rest must be continued for a mini- 
mum of at least three weeks. In those ea.ses of cbe.st injin-y wherein cardiac ir- 
regularities are detected tlien a .suspicion of cardiac injury becomes a certainty, 
and complete and continued rest is es.sential. Surgical intervention in case of 
rupture after the latent period is not as successful as in eases of penetrating in- 
juries to the heart, because in cases of rupture due to vascular occlusion the area 
involved is much larger and adjacent muscle is usually very friable. 

PENETRATING WOUNDS OF THE HEART AND PERICARDIUM 

Penetrating wounds of the heart occur relatively rarely in civilian practice. 
This statement is based on Bigger V' report of such cases constituting only 0.1 
per cent of the surgical eases at the IMedical College of Virginia Hospital and 
Boland’s® report of 1.4 per cent of 1.187 cases of penetrating wounds of the chest. 
These statistics represent only those patients who live to reach a hospital and 
do not represent the true total number of cases. jMany jirobably die promptly 
from an extremely rapid tamponade because the wound of the myocardium is so 
placed as to cause massive bleeding. 

In instances of bayonet wounds or wounds caused by small caliber bullets, 
the hemorrhage into the pericardium may be such that the cardiac tamponade 
will occur sloivly enough to permit surgical closure. Cardiac tamponade presents 
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a syndrome ol a progressive dropping of systolic i>ressnre, rising venons pressure 
with distended neck vein, quiet distant heart tones, and increase in area of 
cardiac dullness. Repeated aspirations of the pericardium may be done to tide 
a patient over until surgical closure is accomplished. Aspiration of the peri- 
cardial cavity may be accomplished by inserting a needle in the angle between 
the xyphoid proce.ss and the adjacent left costal arcli. The needle is directed 
cephalad inward and toward the left at approximately an angle of 45 degrees. 
Surgical repair may be accomplished through a curved incision exposing the 
third, fourth, and fifth costal cartilages, resection of sufficient portions to expose 
the pericardium, opening of the peideardium, and sutui’e of the wound of the 
heart. It is essential to use positive pre.s.sure anesthesia. Technique of such 
clo.sure has been fully described by Elkin’® and Beck.’ 

CARDIAC RF.SUSC1TATIOX 

The problem of cardiac standstill, formerly assumed to be a problem handled 
only by the surgeon in a meticulously fitted operating room, is now because of 
war casualties a problem of all physicians wherever and whenever it oecui's. 
Cardiac ce.ssatiou results either from failure of the .sinus node or as an end result 
of ventricular fibriUation. By far, the former is the most common cause. The 
idea of rem\ing the human heart, when its action is stopped, is feasible, as shown 
by Koontz,®® who by perfusion experiments revived 65 of 127 hearts, whose action 
had stopped for a period of two hours. Forty-eight of these 65 (73.8 per cent) 
developed a regular heartbeat. 

An outline for resuscitation is suggested as follows; 

I. E.ssential factors in treatment of all eases 

A. Unobstnieted airway 

B. Artificial respiration 

1. jManual 

2. jMouth-to-mouth insufflation 

3. ^lechanical re.spirators 

II. With intact abdomen and ehe.st 

A. Blow to precordium 

B. Direct stimulation of heart 

1. Needle in right auricle 

2. Injection of epinephrine 

3. Electrical .stimulation m'a the needle 

C. IMassage of heart 

1. Through emergency laparotomy, massage con- 
ducted through an intact diaphragm 
(a) IMassage through an opening of the diaphragm 

III. During thoracotomy 

A. ^Massage of the heart 

B. Use of electrical stimulation or drugs, as indicated by 

topical application 

IV. During laparotomy 

A. As under II. C 
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J)i ;iny frciilnieni of eoi’diiio ivsiisoUuiion iho iiiniiiloiittiicc of pwjior oxygon- 
ation is imperalivo. Irrevcr.sii)le f'OFcl)ral dama'ro fan ocfiir widiin five to ciglit 
niinutcs in liic pi'csoncc of anoxoinia. Pfojmm’ oxygcniation can be ac’liieved and 
maintained only by assiirin'r tlie immediate institution of an miobstnieted air- 
way and artificial respiration. 

Tlic problem of an nnobstniefcd aii-\vay is essential to j)roper ox.vgen e.x- 
eliauge. Removal of foreigni body obstruction in the upper respiratory tract with 
the .iaw held vi]) and forward will usually sulTice. 'I’lie uneonscious patient will 
not often ju'esent a spa.sin of the frlottis. but if this does occur intubation is 
essential. 

Artificial rc.spiration sboidd be started immediately. This may be accom- 
plisbed by flic Schaefer prone method, mechanical re.spiratoi's, or even nioutli-to- 
mouth insufilation. Q’bc inii)orlant fact is that one should not await the as- 
.sembling: of an armamentarium .sulTicient to cope with the condition before .start- 
ing artificial rc.spiration. The mechanical exj)ansioii and collap.se of the lungs 
directly helps to stimulate the heart. This has been clearly demon.strated by 
Thompson, IJirnbaiim, aJul Shiner*'*' b.v the i)henomena of “asphyxial rcsiiscitn- 
lion. ” The mechanical I'cspirators, utilizing a i)ositivc and negative prc.ssiirp, 
are excellent when available, and if intubation is neee.ssary, complete control of 
re.spiration is a.ssured. 

In ca.ses of eai'diac standstill occurring with an intact abdomen and elie.st. 
as soon as an obstrueted airway and artifieial respiration are obtained, .sharp 
blows to preeordium may induce cardiac contraction (Cordelli'=). This k of 
course, unreliable, but may be done quickly while other measures are being 
started. Immediate stimulation of the right auricle by a needle is next in order. 
IMore mechanical stimulation of the right aurielc ma.v iiiduee contraction. It is 
important that the irritation occui-s in the auricle. Hymair'’- lias .shown that 
the “action current of in.iury” may produce flutter followed b.v fibrillation. As 
fibrillation of the ventiieles is conceded incompatible with life, it is. therefore, 
nece.ssar.v that the needle be in-serted in the region of the right auricle. A needle 
about 4 or o inches long inserted in the third or fourth intercostal .space at the 
edge of the sternum, directed inward and slightl.v caudad, will approaeh the ap- 
proximatcl.v correct po.sition. If mechanical irrigation does not succeed, then 
injection of 1 c.c. of 1:1,000 epinephrine into the right auricle is next in order. 
The in.stitution of all the above can be aecom})lished in from eight.v to one hun- 
dred and twent.y seconds. Next, electrical stimulation utilizing principles as elu- 
cidated by Hyman®* and Beck® ma.v be conducted per needle. Application of 
electrodes directly to the heart are, of course, far more efficient. Use of ordinary 
electric light current, -with a resistance coil to decrease the amperage to one or 
one and one-half amperes, may be used. 

If all these measures fail, at the end of eight minute.s, then massage of the 
heart should be instituted. Opening of the abdomen through an incision in the 
epigastrium large enough to admit a hand should be accomplished promptly. 
The patient is to all intents and purposes dead and will most assui'edl.y remain so 
unless cardiac action is started. Massage is then done b.y piishing the heart 
against the anterior chest wmll through the intact diaphragm. If no contractions 
have occurred after sixty seconds, the diaphragm and adjacent pericardium 
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sliould lie opened, and ivitli llio tlniinb directly on tlie lieart, and the fingers 
outside the diaphragm, good massage can he accomplished. This method, Avith 
the technique of opening the diaphragm .iust behind the xyphoid proee.ss, be- 
tween the attachments of the two sides of the diaphragm through the avascular 
area is described by Nicholson.'*' 

In instances of cardiac standstill during thoracotomy, direct massage of the 
heart is by far the best method.**"'® Application of H>Tnan’s pacemaker,®' or 
Beck’s electrodes® can be used under direct A’ision. 

The problem of ventricular fibrillation is c.ssentially one of stopping cardiac 
motion by shocking it into standstill, and then reshocking it into a more normal 
action.®’ Calcium gluconate intravenously may be used to decrease the sensi- 
tivity of the heart, and sodium iodide may be used intravenously to increase the 
sensitivity, ivith resultant cardiac motion. 

The foregoing suggested outline of treatment may be utilized at advanced 
medical installations. In all cases of casualties, without obAuous cause of death, 
and with no discernible heart action, immediate energetic action may tnily be 
lifesaving. The mere establishment of an unobstructed airway, institution of 
artificial respiration, and mechanical stimulation of the right auricle with a 
needle, may, if done promptly, reruve seemingly hopeless patients. 

ACUTE EAn’YEJIA 

Acute empyema during the early part of the influenza epidemic of 1917-1918 
treated by early open drainage carried an average mortality of 30.2 per cent.'® 
In some camps it reached 90 per cent.'*'* As a result of the investigation of 
Graham and Bell,'® certain principles were elucidated, and treatment of 
empyema based on those principles reduced the mortality to 4.3 per cent. In 
view of present war conditions and the possibility of the outbreak of epidemics 
of influenza with streptococcal pneumonias and resultant empyema, the prin- 
ciples outlined by Graham and Bell should be remewed, in order that we may 
not repeat the errors made during “World War I. 

The principles are; (1) Drainage, but with the careful avoidance of an 
open pneumothorax during the period of active pneumonia; (2) early steriliza- 
tion and obliteration of the carity; and (3) maintenance of nutrition of the pa- 
tient.'® The fact that the majority of the patients in army camps died as a 
result of an open pneumothorax (operative) during the period of an acute pneu- 
monia was the basis for the investigation which resulted in the change in the 
method of treatment. During the period of acute streptocoeeal pneumonia, 
which was so prevalent in the army camps, the vital capacity was markedly 
lowered, and the patient was then subjected to an additional lowering of vital 
capacity by the establishment of an open pneumothorax. When this plan of 
treatment was followed, the mortality was exceedingly high. As a result simple 
n.spiration during the pneumonic stage was sub.stituted.'® This was done as 
often as every three to four days. However, dyspnea from accumulation of 
large amounts of pleural fluid must not be permitted to occur. When the 
patient has recovered from the stage of acute pneumonia and the empyema is 
localized m one portion of the pleural cavity and the pleural fluid removed 
IS irank pus, open drainage can be safely performed. Bv this time the rital 
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cajiacity lias ^really increased. The chiinjrijjj: character of the tliiid i.s a p:oo(l 
index of what is oceiUTiiifr. and when it has definitely chanfred from a thin, 
.slightly cloudy fluid to frank, thick pus. one may rijilitly feel that there is a 
considerable slifrcnin<r of the nu'diaslimini and ade<!ua1e draina're of the em- 
pyema should ho aecoinplished. 

Both the interco.stal catheter draina<:e and draina're hy rib re.seetion have 
their advocates, and satisfaetory results are obtained hy the proiioncnts of each 
method. The imjiortant consideration is the appreciation and apjilieafion of the 
principJe.s involved in the ])roper ti'calment of aente empyema rather than dog- 
matic statements about a imrtienlar method. The avoidance of an open pneumo- 
thorax during: the acute stage of the })ncnmonia i.s of paramount importance. 
Adequate drainage of the localized empyema mn.st then he insfifiifed. 

Obliteration of the cavity is a fundamental jirinciide of treatment. Chemical 
.slcrizilat ion hy irrigation eveiy two to four honns with Dakin's .solution liquefies 
the necrotic material and permits it to drain more readily. Xo chemical can 
sterilize a cavity wiliiont completely free draina'gc. Ileeently. it has hcen shomi 
that the addition of solutions which lower surface tension to Dakin's solution, 
aids the latter in the liquefying process and tends to enhance its sterilizing quali- 
ties. Such detergent sul)stanees have been de.serii)ed hy Pelrofl' and Scliain.*' 
The cavity should he measured daily, if a hronchoj)1cura1 fi.stula is Jiot prc.sent. 
and the tube must not he removed until the cavity mcasni'os lc.s.s tiian 10 c-c- 
The removal of the tube before the cavity is obliterated is an important cnii.se of 
the development of chronic empyema. The maintenance of the nutrition of the 
patient hy the intake of a high calorie and iiigli vitamin diet .snpplcmcntec] hy 
blood or pla.sma transfusions is e.ssential. 

CtIKONIC 1-glirYK.MA 

Chronic empyema must of uece.ssity he mentioned in any discn.ssion of war 
in,juries, for the ma,iority result from ill-timed and jioorly planned early treat- 
ment. Kcller,^^ in reporting on a large series of clironic empyema following 
World War I, found that To jier cent had accessory jiockets, 15 per cent had for- 
eign bodies (drainage tubes and bismuth paste), and 90 per cent had osteo- 
myelitis of the ribs. Tlic-so were all residual cases in which hemolytic strepto- 
cocci were found. Too early open drainage was done in a vast majority of in- 
stances instead of awaiting localization of the cm))ycma. Slany eases, therefore, 
suffered a total empyema to start with, and of these the majority had inade- 
quate drainage so that pockets developed and remained. If the principles of 
treatment as outlined in the section on acute empyema arc followed, there will 
not be a large group of chronic empyemas following World War II. For de- 
tailed consideration of chronic empyema, tiie reader is refewed to tlie work of 
Keller^® and Gi'aham.^® 

FOREIGN BOOKS 

In any operative procedure wherein the pleura is explored, all foreign bod- 
ies should be removed. In the emergency treatment of sucking wounds of the 
chest, the removal of foreign bodies should be secondary to immediate strapping 
of the wound. In such instances the foreign body can be removed during the 
surgical closure. 
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In general, foreign bodies in the parcnch>ma should be removed. Hoiveyer, 
the mere pre.sencc of a foreign body in tbc parcncliA ma is not alone an indica- 
tion for its removal. Foreign bodies lodged in the pulmonary parenchATna in 
patients aa'Iio baA’e recoA’ered and arc apparently aa'gII should be studied carefullj 
in base hospitals, and the treatment must be individualized. As a rule, if the 
foreign body is a single bullet, there is less chance of it cA’cntually causing com- 
plications, than if the foreign bodies ai’c shrapnel, shell fragments, or multiple 
splinters. Retained foreign bodies often result in late pulmonary suppuration. 

In any condition causing prolonged pulmonaiy .suppuration, surgeons should 
become foreign-body conscious. Drainage tubes arc the most frequent offenders. 
Tubes should be pierced AAuth a safety pin, so that if red rubber radio-opaque 
tubes are not available, the tube can be located by x-ray. 'With this in mind, 
it is Avell not only to fix drainage tubes securely, but also to .state clearly in his 
medical record the fact that such tubes are used on a person. 

COAmiXED ABDOAIIXOTHORACIC AVOUXDS 

Combined Avounds of both thorax and abdomen are not infrequent and they 
carrA* a high mortality. In World War I this tA^pe of AA'Ound Avas found in 4.6 
per cent of all chest injuries.^^ In the Spanish Civil War these Avounds con- 
stituted 11 per cent of all abdominal Avounds. Heyd®® reported a mortality of 
60 to 75 per cent during World War I. From reports of World War I by 
Gordon-Taylor,'^" prognosis is usually Avorse if the point of entrance is in the 
abdomen. Penetration of a holloAv A-iseus, hemorrhage from the spleen or liver, 
or eAuseeration are the most common graA-e possibilities. 

The treatment of simultaneous Avounds of the chest and abdomen often 
present a difficult problem. It is desirable to close the thoracic opening before 
the abdomen is explored through the abdominal Avound. This permits the cor- 
rection of disturbed cardiorespiratory physiologj-, and the patient’s vital 
capacity AA'ill be increased. It is to be remembered that in Avounds of the chest 
the upper aiidomen may be spastic and pain may be referred to the abdomen 
Avithout any involvement of the abdominal contents.” In the closure of such 
Avounds it is important to trace the course of the bullet and to inspect the dia- 
phragm. It may be that there is an open Avound of the chest Avith a rigid but 
intact abdomen in which the contained Auscera is involved and the bullet remains 
m the abdomen. In such cases exploration of a large portion of the abdomen 
can be conducted through the thoracic Avound by merely enlarging the opening in 
file diaphragm. Certain wounds of the stomaeli, liver, and inte-stines can he 
managed through such an approach. The repair of diaphragmatic tears is es- 
sential. The replacement of abdominal organs heniiated up into the chest 
tlirough the diaphragmatic opening helps re.store the proper cardiorespiratory 
physiology. Various techniques for closure of diaphragmatic hernia.s, as de- 
scribed by .Schiffliauer,-'^ Harrington,^' and Truesdale'' may he used. 

CHEMOTHERAPY 

Wounds of the chest, like Avounds in any region of the bodA-, aaTII re.spond, 
to a large degree, according to Avhether or not infection supervenes One of the 
epochal events in medical progress since World War I was the introduction of 
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the sufomimide clru>rs. l?(>fent Kfudios linvc jii'iivcd lliis remarkable kcHcs of 
dye dcrivalives to lie valuable in the preveiilion of iiifection as ivcll as in the 
control of sepsis, and to liave a local bacteriostatic effect Dial makes them of 
parainonnt iinjiortance in tlie jirojibylaxis of wound infections. In tlic prc-sent 
war the role of the sulfonamide dni"s in this rc.sjicct may tran.sceiul aiiytliin? ive 
are prepared to believe with our pre.sent limited persjiective based only on the 
more or Ic.ss ideal surgical circumstances of jieacetimc e.xiicricnce. A consid- 
eration of the sulfonamide therapy of war wounds of the chest, therefore, neces- 
sitates a di.scu.ssion of both the .sy.stemic and the local application of the drugs. 
For the present, the accejited rci)re.sentatives of the sulfonamide "ronp for 
.surfrical purjmses are sulfanilamide, siilfathiazolc and sulfadiazine. 

The remarkable reduction in infection rate in a .series of compound frac- 
tures, publi.shed by Jen.sen and others in treated by the local implanta- 

tion of sulfanilamide, marked a new era in the treatment of wound.s, and opened 
an entirely new vista for this amazinp: dru'r frroujn Their results were quickly 
corroborated by others. Key and his 'rroup''’' carried out experiment.s, prov- 
ing that the drug has no deleterious effects on the ti.ssue.s, and docs not delay 
wound healing. Experience was consistent in acknowledging the marked de- 
crease in wound infections when .sulfanilamide was introduced into the wounds. 
Intrathoracic wound.s. however, ■firoduced a uniepie set of circumstances. ITero, 
as in no other region, large, unobliterable cavities arc likel.v to he encountered, 
and more important, one frequently has to deal with the “open hronehus,” which 
serves as a i)er[)etuating source of virulent, drug- refractory anerobic pathogens. 
Cognizant of the.se difficult ic.s, Burford an<l Graham” implanted the drug in a 
series of total pneumonectomy and i>uhnonaiy lobectomy cases. It was found, 
as expected, that the drug did not prevent the devcloiimcnt of an emp.vema, if 
the bronchus opened, but that the streptococcal component of the bacterial flora 
was inhibited and frequentl.v eradicated, and for that I’eason perhaps the -se- 
verity' of the proce.s.s seemed frequently less .severe. TJicre was some indication 
that contamination of the pleural space at tlic time of operation was loss likely 
to re.sult in empyema, if the drug was u.scd. provided, of cour.se, the bronchus 
did not open. No damage to the pleura or pericardium occurred, and very 
high hemic concentrations of the drug were promptly olitained. 

The exigencies of war surgeiy will of noce.ssity frequently' leave much to 
be desired from tlie standpoint of impeccable technique, and trustworthy asep-sis. 
It is here that the sulfonamides will doubtless prove invaluable. It is our belief 
tliat any- chest wound whether intrapleural or of the cliest wall alone .should 
have the benefit of this added precaution, sulfonamide locall.v, even though con- 
tamination is known to be minimal. Never, however, should the anticipated 
use of the drug entice one into a false .sense of security', and a consequent lower- 
ing of the standai’ds of proper wound handling. 

Whether .sulfanilamide or sulfathiazole should be used is a matter that 
would be easier to decide if one could be sure of tlie invading microorganism. 
Sulfanilamide is probably' more efficacious against the sti'eptoeoeei, and sulfa- 
thiazole is certainl.y more lethal to the staph.vlocoeei. Some prefer to use a mix- 
ture of equal parts of sulfanilamide and sulfathiazole. 
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The amount of drug used will vary with the type and extent of the wound. 
For example, one gram would be sufficient for a laceration of one oi 2 inches 
of the chest wall and not involving the pleural cavity, while as much as 12 oi 13 
Gm. could be placed with impunity in the space left by a total ]nteuinoneetomj 
or pulmonary lobectomy. In using larger amounts, it is to be remembered that 
the drug is absorbed very rapidly, particularly from the pleural space, and 
high blood levels are reached very quickly. If a large dose is implanted, the de- 
velopment of a methemoglobinemia should be anticipated and properly dealt 
with. 

All those experienced in the local use of the sulfonamides are agreed that 
it in some unexplained fa.shion tends to increase the likelihood of bleeding and 
hematoma formation. Particular care must, therefore, be taken to achieve com- 
pletely adequate hemostasis. In this regard, it is mandatory to remember that 
it is usually unwise to introduce the drug into the pericardial cavity, unle.ss 
contamination has been excessive. Not only does the drug frequently occasion 
disturbing alterations in cardiac rliA'thm when dusted on the epicardium, but its 
use is almost certain to occasion a eoUeetion of fluid which may cause a serious 
degi-ee of cardiac tamponade. If the drug is placed in the pericardial cavity, 
drainage is obligatory. In all cases wherein large amounts of dye are placed 
in the pleural cavitA-, the resultant pleural pressure changes must be carefully 
observed and promptly adjusted. These dyes act as hj-pertonic solutions, causing 
the development of pleural effusions. "When the pleural earnty is not drained 
postoperatively, the occurrence of effusion with aceompanj-ing mediastinal shift 
may cause dyspnea proportional to the amount of the effusion. Aspiration of a 
sufficient portion to permit the patient to breathe comfortably is indicated. It 
is unnecessary to empty the chest completely for return to normal dynamics 
can be effected wdth removal of only 200 to 300 c.c., when there may he a total 
of as much as 2,000 c.e. By this method, the majority of the fluid remains with 
its high concentration, and the effectiveness of the drug is utilized without 
deleterious pressure effects. 

The sterilization of the drug previous to implantation into wounds has 
been the subject of considerable discussion, and rvhile sterilization is highly 
desirable, it is not absolutely necessary, and we har-e no hesitancy in using the 
unsterilized porvder if the facilities for aiitoclar'ing are not available, ilost of 
the commercial preparations are now supplied in sterile ampoules. 

Once infection has supervened, then, of course, the systemic role of the 
drugs must be relied upon. In infected Avonnds of the che.st, .sulfonamide is 
promptly indicated in adequate doses just as in infection elswhere. In this re- 
gard, we wisli to empliasize that the continuance of sulfonamide therapy Avith 
the neglect of proper surgical drainage, once pus has formed, can only lead to 
disaster. 

3Yc are certain that the prophylactic administration orally of sulfonamide, 
preferably sulfathiazole, AA-ill do much to minimize or to prevent the development 
of pneumonitis in cases of pulmonary atelectasis, Avhich are not promptly re- 
neratod. These eases are not infrequently associated Avitli severe chest trauma 
It IS our practice to give .sulfathiazole promptly in all such cases Avhen there is 
the least doubt that complete pulmonaiy re-expansion has occurred. 
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ANi;s'rni>;iA 

Anesthesia einjiloyed in llioracic stirf'ery in wartime may l)e cousicierod 
in relation to its use in intrajileiiral and extrapleural surtrery, as well as to its 
availability in various army installations. 

The following ean he used in extrapleural surjiery: local (novocain), 
sodium pentothal, ether, nitrous oxide, and oxyjicn with or witlioul ether and 
cyclopropane. All the anesthetic a"ejil.s, except eyeloproifane, will he available 
at evacuation hospitals. Cycloprojianc will in'ohahly he reserved for the mim- 
hered and named fieneral hos])itals. 

The anesthetics, which can he employed in intr.-ijileural siirfrery are: 
cyclopropane, nitrous oxide ajid oxygen, etlier. .sodium pentothal, and spinal 
nupercainc (l:l,n00). Nitrous oxide, oxypren, and ether, and sodium pentotlial 
will he used as near the front as nece.ssily rc(piire.s. Nupercainc (1 d.aOO) or 
Jones solution has received more enthusiastic acclaim by the British. 

AVliile a trained ane.sthetist is a boon to the abdominal and ortliopcdic .sur- 
geon, he is an absolute ncee.ssity to the thoracic surgeon. A general knowledge 
of the anesthetic agents and methods of administration usually sufTicc-s for ab- 
dominal and orthopedic surgery. At least, it may be stated that with a minimum 
of knowledge untrained ]>ersonnel may administei- anesthetics for abdominal 
and orthopedic surgery in the pre.ss of war. However, anesthetists administer- 
ing anesthesias in intrai)leural surgery must iiave not only thorough knowledge 
of the physiology of resiiirations but also .sutheient experience to cope with the 
many disturbances of the cardiorespiratory meclianism wliieh may occur. 

In considering preniedication, morphine and scoi)olamine are the drugs 
of choice. ^Many patients will have received moriJiine sulfate during the first 
aid treatment and this must be kept in mind in any further ]iremedieation. We 
prefer scopolamine to atropine sulfate becau.se tlie former has a sedative action 
that the latter lacks. Soldiers who have had a large meal before trauma or sliock 
occurs, will, because gastric motility is decreased, retain the food in an un- 
digested state. Lavage may he necessary before tlie anesthetic is started. 

Nerve block with novocain can be used in extrajileural procedures. The 
pain of fractured ribs can be relieved by intereostal nerve block.'*® Large extra- 
pleural wounds are readily managed by local injections. Simple rib resec- 
tions are easily accomplished under novocain anesthesia. Gas casualties with 
chest wounds can be readily managed by local anesthesia. 

Intravenous sodium pentothal is now a well-established method and forms 
a valuable ad.iunct to the anesthetist's armamentarium. Gas anesthesias arc 
widelj’’ used. Ether is the most univeivsal. Nitrous oxide, oxygen, and ether 
makes possible adequate oxygenation by the reduction of the concentration of 
the nitrous oxide used. It is otherwise impossible to control robust men with- 
out some form of anoxia ■when nitrous oxide and oxygen alone are used. Cyclo- 
propane is particularly adapted to chest surgery because it is given with a high 
concentration of oxygen. Cyclopropane has nearly replaced ethylene, which 
is lighter than air and does not give the depth of anesthesia that is possible with 
cyclopropane.^® 
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Proper endotracheal anesthesia has made possible the modern advances in 
intrapleural surgeiy. With a carefully developed tcchnifpie the anesthetist can 
completely control the patient’s entire respiratory cycle and can maintain the 
proper intrapulmonic pressure at all limes.’* A further A’cry important con- 
sideration is that in cardiac standstill the primary factor in cardiac rc.suscitation 
is sati.sfied. Adequate oxygenation tlirongh an open ainvay is thu.s assured. 
The special advantages of such a closed system arc that it regulates intrapul- 
monary pressure, controls respirations, and comsen'es body heat. 

Once the chest has been opened, pressures of from +6 to +8 cm. of water are 
necessarj'.'"’ This maintains sufficient inflation to produce a vital capacity 
which is above a dangerous level. The amount of prc.ssure should not be a mat- 
ter of approximation but should be carefully checked by a manometer. The 
water manometer of Flagg or the graduated rveights of Connell are excellent. If 
these are not available, a simple manometer may be con.structed by inserting a 
measured length of tube into a column of water (Barach). This prevents the 
raising of the intrapulmonarj' pressures beyond dangerous limits, even though 
the hag may be suddenly and forcibly compressed by the anestheti.st. 

One of the most recent developments has been the use of controlled re.spira- 
tions.’'* It is a great boon to the operator if the patient is under the control of 
the anesthetist. The rate and depth of respirations can be regulated and .stopped 
and started at the Avill of the anesthetist. During repair of the diaphragm, 
manipulation of the mediastinal .structures, and suture of the parenchjTna of 
the lung, the movement of the lung may be .stopped for a period .sufficient to do 
careful minute Avork. The technique of controlled re.spirations, as introduced 
by Guedel,®* is reported by Neff and as.soeiates for use in thoracic surgerj'.'*® 

In front line surgerj- it i.s conceiA'able that intratracheal ane.sthe.sia aaTII not 
he available. In such instances a tightly fitting face ma.sk will be of A*alue. Any 
mask Avith an inflatable cushion Avill be efficacious (Connell’s or hlcKe.sson’s). 

Cyclopropane and oxygen is (he ane.sthesia of choice in intrapleural .sur- 
gery. The principal advantages of cyclopropane arc the high oxygen content, 
the ease of induction, and the lack of irritation to the lungs and other organs 
of the body. In our experience there has been little effect on the blood pressure. 
A rise of oA-er 20 mm. of mercurA' is the exception. The one disadA-antage of 
cyclopropane is its explosiA-e quality. This is mentioned because it ha.s been 
OA'cremphasized. Greene states that “Under the .same clinical eireum.stanees 
ether and oxygen, AA'ith or Avithout nitrous oxide ha.s the same great tendency 
toAvard propagating a Avave of flame or pressure through the respiratory tract 
as ha.s ethylene-oxygen and cyclopropanc-oxygen.”^” This i.s confirmed by the 
report of the committee appointed by the American Society of Ane.s-theti.sts to 
mvesligate the hazard of fires and explosions due to ane.sthetie agents. ThcA' 
empliasizcd that nitrous oxide oxygen and ether i.s jn.st as explosiA-e a.s cyclo- 
propane. The principal advantages of ether and air are that it ha.s a relatiA'cly 
sriiai! tendency to propagate a AS'aA'c of flame or pre.s.sure doAATi the ro.spiratorv 
tract, even tiiongli explosions of ether and air can cause death. By the clo.so'd 
method of administration small amounts of ether arc necc.ssary for anc.sthe.sia .so 
It IS less irritating. Tliis is particularly true Avhen other i.s used to supplement 
nitrous oxide and oxygen. Addition of a .small quantity of ether enables the 
ano.sthet!.s| to inerea.se tlie oxygen poreenlagc in the mixture. Ether alone or in 
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Sfiseous mixture's !,nves liie niilrjiincd ju'rsoiinel ji Inrfro m;ir',dii of safety so 
th.at it. is relatively safe. However, ether is .still mij)leasant to the patient and 
the iiidiietioii period is longer than with frases. 

Sodium pentotlial intravenously with 100 per cent oxypen hy the intra- 
tracheal iircfiill tube is a more recent idea in thoracic surpery. Sodium 
pentotlial has been used extensively, and even the most ardent advocates of 
nitrous oxide ai’e now usinir sodium pentotlial. After the endotracheal tube is 
inserted, a cocaine sjiray throup-h the tube is necessary to aboli.sh the bronchial 
reflexes initiated by the operator's manipulations. It is always advisable to 
administer oxygen to the patient under .sodium iientotbal, since there is a 
gradual depletion of oxygen in the circulatinir blood. 

Regardless of the tyjie of anesthesia, oxygen by the nasal catheter intro- 
duced into the oropharynx should be continued postojicratively for a few clays. 
While intravenous fluids are given from the bc'ginning of the operation, pla.snia 
and whole blood will be indicated postoperatively ; if plasma or whole blood has 
been given during the operation, they may liavc to be re])eated. Of cour.se, the 
patient .should be kojit comfortable witli morphine. Tliis .should be ordered a.s 
the indication arises. At no time .shmdd the rc'spii-at ions or cough reflex he 
allowed to become too deprc'ssed by medication. Carl)nn dioxide by inhalation 
is given in the treatment of atc'lcctasi.s. 

.SOIJIAItV 

The proj)er management of thoracic war injuides is a timely subject. The 
mortality of such injuries has always been liigh and many i)ersons .surviving 
such injuries have suffered irrolonged chronic illnc.s.s duo to cxtrainilmonary or 
intrapulmonary com])lications. In order to decrease thc.se hazards it is neces- 
sary that the medical officer called upon to treat such injurie.s undcr.stands the 
basic principles of tlie abnormal thoracic ])hy.sio]ogy resulting from chest 
Avound.s. The methods of treatment outlined in this pa])er are based upon the.se 
principles. 

The first essential in the management of thoracic war injurie.s is the im- 
mediate care of such wounds. Tliis rc(iuire.s the closure of sucking wounds, 
control of hemon'hage, and relief of a tension or pressure pneumothorax. This 
immediate treatment must lie followed by early definitive treatment .supervi.sed 
by pei'sonnel qualified in thoracic surgery working in properly equipped medical 
installations where casualties with chest wounds are concentrated within a few 
hours after the injuries are incurred. All subsequent treatment must likewise 
be supervised by competent thoracic surgeons. 

The treatment of shock in chest injuries requires the same close attention as 
in other injuries producing .shock. It is imperative, liowever, that immediate 
attention must be given to correcting the abnormal thoracic physiology. The 
sources of hemorrhage and tlic methods of controlling such hemorrhage has been 
detailed. A wound producing an open pneumothorax or sucking Avound of the 
thorax must be immediately clo.sed. Concurrent and later therapy must con- 
form to the principles outlined in correcting the abnormal physiology. A tension 
pneumothorax must be relieved. A simple method for accomplishing the de- 
compression is by introducing a lai'ge bore needle into the coi'responding pleural 
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cavity, preferably in the second intercostal space anteriorly 2 inches lateral to 
the sternal border. Care must be observed to prevent obstruction of the lumen 
of the needle. The recognition of massive pulmonary collapse and treatment 
directed tovard re-expansion of the involved pulmonan- tissue vdll greatly les- 
sen the complications ■which frequently follow this condition. The phenomenon 
of bomb blast or “blast lung” has been discussed with a ^new of enabling its 
recognition and of preventing unnecessaiy surgical intervention. The manage- 
ment of cardiac concussion, cardiac wounds, and a rather detailed presentation 
of cardiac resuscitation have been described. The importance of an understand- 
ing of the fundamental principles underlying the proper treatment of acute 
empyema has been stressed. Foreign bodies in the pleural space should always 
be removed as early as possible. Many foreign bodies in the pulmonaiy 
parenehvTna will require subseciuent operations for their removal, and each 
case should be carefully uivestigated by emploA'ing all available aids in the lo- 
calization of the foreign body before surgical exploration. The sulfonamide 
drugs should be employed in all thoracic in.iuries and operative procedures. The 
anesthetic agents employed in thoracic surgery and the utilization of these 
agents in war wounds of the chest have been discussed. The recognition of 
properly employed endotracheal anesthesia •will, it is believed, be highly suc- 
cessful in the management of many chest wounds. Likewise the greater use of 
cyclopropane is considered ad\isable. Finally, modem thoracic surgery was 
born during 'World War I, and has gi’own to matuiity during the past turn 
decades. It is reasonable to predict that its proper emplovunent will contribute 
to greater developments of this new field of surgeiy, that many lives -will be 
saved, and that ehronicity will be minimized. 
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WOUNDS OF WARFARE^ 


Frederick A. Coller, il.D., and Jack SUtthews Farris, il.D. 
Akk Arbor, jMich. 


W OUNDS produced by the stone club of prebistoric man or by the tusk of 
the saber-toothed tiger or mammoth were probably the fii-st pathologic con- 
ditions observed by man in which the etiology was knoivn. It is almost unbe- 
lievable that we should know so little about them today. A thoughtful reading 
of the historical aspects of the treatment of wounds is oiiligatory to a proper 
understanding of the philosophy of the subject. ^Yithout this one cannot 
weU evaluate the modern suggestions for the management of wounds. With 
every war there is a revival of interest in the methods of caring for wounds, 
since there is produced a laboratory for observation and experiment. Up to 
the time of Lister many worth-while suggestions based upon empirical observa- 
tions were made and discarded. Infection in wounds was not a matter of 
paramount importance to the early writers on Surgery. Hippocrates, Celsus, 
Franco, and Pare did not emphasize its frequent or fatal occurrence. It is prob- 
able that in their day infection was neither inevitable nor serious. 

Serious infection in wounds is first commonly mentioned in the surgical 
ivritings of the eighteenth century. It is significant that at this tune hospitals 
had been established in which the wounded were congregated for treatment en 
masse. Accounts of hospital gangrene, erysipelas, and putrid infections then 
made their appearance in the surgical literature. While many surgeons made 
important observations on treatment, it remained for the founding of bac- 
teriologj* by Pasteur and its application to surgery by Lister to bring some ra- 
tionale to the treatment and prevention of infection in wounds. The students of 
Lister established the principle of antisepsis that acted potently upon the bac- 
teria found in the air, on the patient, and in the exudates. Carbolic acid and 
Its successoi’s were the forces that were to abolish bacteria from wounds of ac- 
cident or intention. Through the antiseptic to the aseptic era enormous progress 
was made and modern surgery originated. Pus remained an emblem of defeat, 
however, and it was washed, irrigated, drained, and neutralized by a great 
number of chemical agents. With the progress of civilian surgery, surgeons 
became more complacent and infection had apparently been conquered. 

World War I shook us from our smug satisfaction by presenting to a gen- 
eration of surgeons, who thought wound infection a condition of the Dark Ages, 
a clinic in which all wounds suppurated. Accepted techniques and chemicals 
were suddenly powerless. There were at fii’st many attempts to find new and 
more powerful antiseptics. The failure of these methods led to a realization 
that wo und repair like growth conies from within and that the surgeon can only 
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aid nature to limit and to destroy infoetion. Witlioiit ennnieratinfr all the.ste]js 
by wliieli this ehaiifre in viewimint came about, one ean slate Dial at Die end of 
the war it was Die object of Die surfreon to convert the wound ])roduec(l by tlie 
missiles of warfare to a clean one. 'I'liis was aceomplislied by rcmoviii<r foroisni 
bodies and dirt of the liattlefield alon<r with devitalized tissue. Tliis operation, 
carried out in the stafre of eoiitaminalion, was called debridement. The his- 
torical aspects of this operative procedure, orifiinatinp: with Baron Larrey, need 
not be elaborated here. It was finally realized Dial the state of the patient him- 
self played an important iiart in Die end j-esull. It became apjiarent that 
lost blood must be replaced, .shock must be overcome, and malnutrition must be 
corrected. Wounds already infected were treated in the bitei' jicriod of that 
war by .several methods, all of which irave fjood results. The ]‘'ronch employed 
a modification of Ollier’s methods developed by him in the Franco-Pru.s.siaii 
War. The jirinciplcs of flie.se methods included free drainafre, thick absorbent 
covering, immobilization, and infref|uent dre.ssinys. Carroll and Dakin's treat- 
ment, with frequent irrifration of a wound with liyjmchloritc .solution combined 
with meticulous dre.ssinirs, had many advocates. In the British Arm.v the use 
of hypertonic .salt or ma<rne.sium sulfate .solutions was popular and efficacious. 
Free drainage and rigid fixation of the ])arl were fundamental to all methods. 

In the years that have intervened, surgery has made great j)rogre.ss in the 
scientific study of factoi-s that influence the processes of repair. Itlueh ha.sheen 
learned concerning the bacteriology of infections and flic u.se of chemotherapeu- 
tic drugs. An appreciation of the inhibitory efi’ects of malnutrition has rc.sulted 
in new concepts concerning the role of vitamins and hyjioproteincmia in wound 
healing. Dr. Winnett Orr im])roved the Ollier techniijuc and applied it suc- 
cessfully to the treatment of osteomyelitis and infected wounds of bones and 
soft parts. This method was used with remarkable rc.sulls by Trueta in the 
Spanish Civil War. All the.se advances in our knowledge are a])i)licablc to 
wounds produced by any means and will he briefly reviewed. 

The capaeil.v for regeneration and repair as related to wound healing in- 
volves certain fundamental jirinciplas. To .sjieak of the wounds of warfare 
eategoricall.A" and to consider them apart fi-om the traumatic and surgical wounds 
of civilian life ma.y lead to certain ombssions in the consideration of the general 
features of wound healing.® The influence of selective, ])urj)oseful mechanical 
pre.ssure on wound healing has been discus.sod by Blair.'* He has emphasized 
that pressure limits the amount of plastic substance that pours into the wound, 
prevents stasis, controls oozing, and eliminates dead spaces. Twyman'' has 
demon.strated that epitiielium proliferates readily when subjected to pressure 
that restrains the growth of connective ti.ssue. For a rise in temperature of 
10® C. the rate of cicatrization may be increased twofold. ■'*’ “ Other factors 
inehrde the influence of electricit 3 % radiant energ.v, diet and metabolism, vita- 
mins, hormones, and the sjmipathetic nervous system. 

*QuantitatIve factors maj* vary with the size of the wound and with wounds of different 
individuals and different species. Other well-known qualitative factors exert a potent force 
on the rate of healing. The accelerated healinjr observed in j’oungrer individuals indicates that 
heaUiigr in the young is more rapid than in adults because fibroplasia beg^ins earlier.*- - 
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The divers factors influencing such basic phenomena as fibroplasia, inflam- 
mation, and regeneration deserve more carel'nl consideration than, perhaps, tlie 
empirical use of certain tberapcntic drmgs. Likewise, the reparative processes 
which follow wounds of mechanical, chemical, electrical, or thermal agencies 
do not need individual consideration, since there is little difference in the in- 
.iuries inflicted. 

Variations in terrain may influence the bacteriologic flora of the soil, and 
the increased mobility of the front presents problems in transportation which 
may result in delay in treatment. The indiscriminate mass attacks directed 
against densely populated cities, coupled with the increased effectiveness of air 
forces, have often resulted in a multiplicity of wounds and numbers of wovuided 
out of proportion to existing facilities for their care. The increasing range of 
artillery fire, combined with the mobility of the front and the omnipresent air- 
plane in turn, tends to limit the type and the amount of operating permissible 
at the front. Notwithstanding those difficulties, the geneial features of wounds 
remain the same from the physiologic standpoint, and those of warfare do not 
differ in any basic respect from those of civilian life. 


WOUND INFECTION 


Approximately 75 to SO per cent of all wounds in moderp warfare occur as 
a result of low velocity projectiles from artillcri- fire." Tlie type of wound com- 
monly received is lacerated and contused, usually contaminated by foreign 
bodies, and requires c.xtensive debridement to facilitate its healing and to avoid 
systemic infection. I'nfoi-tunately, it is true that many wounds escape con- 
tamination at the time of infliction only to become grossly contaminated before 
definitive treatment is completed. 

(a) Bactcriolofjij. If one divides the organisms introduced into the wound 
at tlie time of infliction from the organisms introduced at some later date, the 
iormer may be referred to as primary infection and the latter as secondary in- 
fection. It is significant that the organisms found in a primary infection are 
1 datively nonpathogenic and grow poorly in unaltered blood or tissues. They 
"ill multiply, however, and produce clinical signs of infection when there is 
devitalization of tissue and when the antitryptic power is lessened by the break- 
down of leucocytes. This is e.specially true of the spore-bearing anaerobic 
bacilli associated with gas gangrene and tetanus. These organisms are capable 
of producing infection and toxemia only when there has been alteration of blood 
and tissues. The hemolytic streptococcus is rarely present at this stage. The 
source of the primary infection is usually from the soil, the skin, or the clothing. 
The missile itself is frequently sterile. In the soil, in the air, and on clothing 
most of the bacteria are relatively nonpathogenic as compared to the hemoMie 
streptococcus. 


woun<l's'^havp“wn'’5„i’,'.'L®w' prophylaxis of wounds i.s apparent from the fact that cranial 
steel hclnfet*^ *It h? ^ per cent sines the introduction of the 

tni.-!sllo<; of low vpWut" V 1^® ftreat majority of wound-s are caused bv .small irregular 
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Secondary infection is of p-ealer clinical iinjiort, llicse infecting bacteria 
reaching the wound tlirongli other agencies, ireinolytic streptococci are nsually 
spread from jiaticnt to patient by the pei-sonnel caring for the wounded. In 
the last, war it was shown that at the casualty clearing station only la per cent 
of the wounds e.xhihited the ])rc.senco of tlic liemolytic .streptococcus, Init after a 
week at a base hospital over !)0 jier cent of wounds were infected with this or- 
ganism. Droiilet infection from the no.se and tliroat, infected dust, instru- 
ment, and bed linens are im])ortant contributing factors. It has been showTi 
that if the floor is treated with crude liquid ])arafiin or Avith certain ])roprietary 
preparations, subsequent sweeping of the floor does not cause large miinhers of 
stre])tococci to apiiear in tin; air from infected dust.' In pre-Listcrian da.vs the 
spread of Jl. piiocnaurus thi'ough a surgical war was well known, since its pre.s- 
cnee was I'cvcaled by the characteristic color. The sjircad of B. pijocynncus 
from patient to patient is not usually a matter of great moment to the patient, 
since this organism is of low virulence, but it is of the utmo.st importance as an 
illustration of .some of the failures in technique in the care of wounds. 

(b) Oprrnlirr Tcchni<pir. The suece.ss or failure of any dehi'idcincnt de- 
liends on the pei-sistencc in the wound of nonviable tissue or gro.ss foreign 
matter. Although as early as 1S97, a Cerman surgeon, P. P. Friedrich, pnl)- 
lushed cxjierimental work emphasizing the treatment of contused wounds as if 
they were neoplasms, the factor of vitality of ti.ssues as the decisive element 
in infection has not been given its due imjiortance.'' In the Franco-Prus.sian War 
only 9 per cent of the wounds were cau.sed by shellfire and aiiproximatcly 90 per 
cent by bullets.'’ 'With the devclojnncnt of modern warfare, the ratio has been 
almost completely reversed. Api>roximatoly To to 80 ])er cent of all wounds in 
modern warfare occur as a result of low velocity ]m).icctiles and, therefore, I'C- 
(piirc debridement. 

The ideal for which one must strive is to make a clean wound out of a dirty 
one and aliovc all else not to make it any dirtier. Without appearing didactic 
one may enumerate sound surgical jirincijiles which have stood the test of time. 
Excessive trauma and rough handling of ti.ssue with improper instruments may 
only serve to increase the amount of devitalized ti.ssue, thereby defeating the 
primary purpose of the debridement operation. Failure to obliterate dead 
spaces and the mass ligation of tis.sue likewise contribute to the incidence of 
infection rather than help to i>revent it. The indiscriminate use of irritating 
chemicals in the wound should be vituperatively condemned as an agency capable 
of increasing the devitalization through coagulation of protein substances in the 
cells. 

Suture materials should be chosen Avith care. The reiteration of the theme 
that one type of suture Avill pereistently give good results in the hands of any- 
one is to be condemned. Eathcr more emphasis should be placed on the effects 
of trauma, tension, incomplete hemostasis, and a consideration of various 
pathologic conditions. Well-controlled experiments’” emphasize, hoAvever, that 
all sutures are foreign bodies and as .sueh should be used sparingly. Foreign 
Ijodies Avhen implanted into tissue nonnally cause a reaction characterized by 
leucocytic infiltration, the accumulation of serum and fibrin, increased heat, and 
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even swelling. A foreign body reaction superimposed upon attempts at repair 
in a healing wound will delay the onset of fibroplasia, and infection rvill be more 
frequent. Theoretically, then the ideal suture is one that cause.s the least re- 
action in tissues, thus allowing the normal prompt initiation of filiroplasia. 
When healing is complete, the suture .should cither disappear from the li.ssues, 
or if nonabsorbable, its continued pre.sence sliould not prove objectionalrle. 

Many objections raised in the past in regard to catgut pertain primarily to 
its large size. If the smaller sizes of chromic catgut are used with interrupted 
sutures, many objections which in the past have been reiterated will no longer 
be tenable. In this connection it is well to point out that there appeal’s to be 
little indication for the use of plain catgut in any situation. The intensity of 
the leucocytic reaction incited by its presence is roughly twice as gi’eat as in the 
instance of chromic catgut, and in certain instances its iiolding strength is neg- 
ligible in three or four days. The difference in cellular reaction between the ab- 
sorbable and nonalisorbable sutures may in part be attributed to tbe large caliber 
of catgut which was frequently used. It is obvious that no reason exists for 
the use of suture material -with a tensile strength in excess of the holding power 
of the tissue itself. 

There is no great difference in cellular reaction when silk, cotton, steel wire, 
or nylon is used. However, cotton appear-s to posse.ss certain advantages. Cot- 
ton has a natural twist which is maintained after implantation in tissue, and, 
therefore, there hs less of a tendency for granulation tissue to infiltrate the inter- 
stices of the individual fibers to serve as a possible nidus of infection or as a 
source of a draining sinus. In addition, cotton being a vegetable fiber is chiefly 
eellulo-se whereas silk is mainly protein. In general, proteins incite more re- 
action than nonprotein substances. Prom an economic standpoint cotton pos- 
se.sses other advantages ; a mile of cotton costs about 50 cents, while a similar 
length of catgut would cost somewhei-e around $200! The threatened impend- 
ing shortage of silk need cause little concern among the many proponents of non- 
absorbable sutures inasmuch as cotton appears to fulfill the criteria for an all- 
purpose suture. It does not delay the onset of fibroplasia, and its continued 
presence in the wound is not objectionable. Even in the pre.sence of grosslr 
confaminated wounds, the development of a draining sinus or extrusion of the 
sutures is almost never seen. 

Stainless steel wire appears to be a suture material which is tolerated ex- 
traordinarily well by tissues. It is practically impossible to attribute any n-pe 
of quantitative reaction to its presence in cither experimental or clinical studies. 
Since 1937 it has been used for suturing the fascial layers in approximately 93 
per cent of several thousand laparotomies at the University of Michigan with 
excellent results. It has never been necessary to remove them from an infected 
wound, and the incidence of infection itself has been substantially lowered by 
Its use. .Similar e.xperience is related by Jones of the Cleveland Clinic, who re- 
ports a d'mmntion hi the incidence of infection in combined abdominoperineal 
wounds from 28 to 2 per cent directly attributed to the u-se of .stainless .steel wire 
m the abdominal wound." It i.s easily .sterilized, re.sisfs deterioration, and should 
iciKl Itself well to the requirements of militarj- surgery. 
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Tliore arc ecriaiii iiislaiicos, however, wliero (he ii.se of catgut will cletinilely 
lead to inferior rc.sult.s. Nonahsorhable .suliirc.s' arc an integral part of .standard 
technique.s of tendon .suture which have ro.snltcd in snh.stanfial improvement in 
this phase of sin-geiy, as noted hy many surgeons. O'Shea's study of 870 ca.sc.s 
of severed tendons has shown that the use of catgut was followed hy suppma- 
tion in 1.5 per cent, whei’oas when silk was used, the incidence was reduced 
to 3 per ecnt.’=-'= 

(c) Sl'iu of Paiicut. The adcepiato preparation of the .skin before begin- 
ning debridement is just as important ns in an operation for appendicitis. 
Utilization of “.skin technique'’ and isolation of the wound margins with di'ape.s 
wdll result in a diminution in the introduction of secondary invaders into the 
wound. That the skin is a jiotcnt source of eonlainimation is apparent from the 
e.vperiments of Carraway.’“ In clean laj)arotomy wounds bacteriologic studies 
made on the knife blade employed in the initial skin incision yielded positive 
cultures in 20 per cent of the instancc.s. 

(d) Hands of Personnel. The benefits acei'uing from vigorous and method- 
ical scrub scai'ccly need mention. This one pi'oecdure. along with the wearing 
of sterile glovc.s, has probably contributed Tuorc to improvement in wound heal- 
ing than in any other single factor. Wherever it is po.ssiblc, aseptic technique 
should be rigorously preserved. Even .slight comi>romiscs in technique arc cer- 
tain to jeopardize re.sults. 

(e) Air of ilic Opcrotiiifi Pootn. Bacterial di.sscmination in the air of the 
operating room is innuenced by a wide variety of factors. The whispering and 
talking of traffic and galleries incrca.se the bacterial count tremendously and 
emphasize the need for the wearing of masks by all who enter the operating 
theater. The care of the tloors and walls where a large number of patients are 
being treated is important to prevent the spread of infecting agents. The good 
results obtained by the sterilization of aii’ either by foi’inaldehyde (Gudin’') or 
ultraviolet light (Gai'dncr and Hart’") illusti'atc the im])ortnnce of keeping the 
bacterial count of the air of the operating room at minimal levels. 

(f) Nose and Throat of Personnel. At one time Jleleney found that 30 
per cent of his operating team harbored .hcmolyl ic streptococci in their noses. 
This .serves to illustrate the nece.s.slty for covcrijig the nose as well as the mouth 
with some type of serviceable nonpermcable mask. Slany masks in common use 
are notoriously ineffective in this regard, since they allow free permeation of 
bacteria through the intersliees of the material. Epidemics of upper respiratory 
infection among the operating personnel will frequently result in an increase in 
the incidence of wound infection unless the strictest precautions are observed. 
Meleney has shovm that from 35,000 to 60,000 bacteria may fall upon the operat- 
ing field in one hour.’” 


.VIANAGEXrENT OF THE WOUND 

Where these principles are observed, excellent results will be obtained. Onl.v 
the most enthusiastic of idealists would deny that the conditions of warfare will 
frequently preclude adherence to these well-founded fundamentals. However, 
when compromises in technique must be granted, it is important to recognize 
them as such and to plan accordingly in the management of the wound. Sur- 
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geons o£ evacuation liospitals soon become specialists in debridement, but their 
experience should not be obtained at the expense of the early wounded. Suc- 
cessful debridexxxeixt will be accomplished only through a sound knowledge of 
anatomy and the general features of wound healing. It must include excision in 
mass of all torn, crushed, discolored and noncontractile muscle, along 'with loose 
bodies and devitalized bone. Primary closure of these wound.s may be under- 
taken only exceptionally, and it is here that judgment and experience are of 
prime importance. 

Ogilvie,'® in an excellent discussion on the treatment of wounds, carefully 
divides the progress of wound infection into two stages: contamination and 
infection. 

In the first stage, contamination, bactema which have been carried in by the 
inflicting agent lie on its surface, in hits of dirt, clothing, fragments, or in blood 
clot. This is the stage in which the bacteria can be removed by thorough me- 
chanical cleansing. 

In the second stage, infection, the bacteria profiting by the culture medium 
available have multiplied and started to invade tbe host. For practical purposes 
the stage of contamination may be considered as la-sting eight hours before 
it passes into that of infection. Methods of closure are governed by the age of 
the wound, an estimation of the degree of contamination, and the general 
facib'ties at hand. 

(a) Primary Closure. Tiie state of the patient’s skin and clothes and the 
appearance of the wound will aid in an estimation of the probable degree of in- 
fection. Doubt as to the condition of the w'ound should always incline one to 
pessimism rather than to mistaken optimism. Primary closure may be under- 
taken only exceptionally when the sMn edges come together without ten.sion, 
when the wound is seen verj' early, and when there is opportunity for continu- 
ous and careful observation of the patient subsequently. In addition, the con- 
tamination should he minimal and facilities for adherence to the strictest op- 
erative asepsis should he at hand. 

Recent observations in actual battle conditions are as follows : 

“A large proportion of wounds have been operated upon in the forward 
urea. The recognized debridement was carried out in as many early cases as 
possible. The wounds were saucerized, sulfanilamide was dusted on the surface, 
followed by a vaseline dre.ss!ng or loose pack. All these cases did extremely 
well. Some wounds had been sutured, but "with the exception of a very few 
eases, were badly septic on arrival at the base, with sutures cutting out and in 
pain from suppuration under tension.” 

T))e same remarks are applicable to amputation. Those with complete .skin 
closure have seldom met with success. They likexvise have arrived at the base 
hospitals with the sutures cutting out, the skin sloughing, and -with pus in the 
deeper tissues. Amputation under battle conditions should be planned, if pos- 
sible, to permit of rcamputation at one of the sites of election. Whenever po.s- 
sihle, flap.s slioukl be out and allowed to fall over the end of the stump. 

(h) Dflayal Closure. A delayed type of primary closure may oceasionaUv 
he utilized in the wound that has gone beyond the rather arbitrary eight- to 
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twelve-hour limit. A simi)lifie(l leehnhiiic for enrryinfr out this proeedme 
in dirty wound.s luis been de.seril)cd in « previous piiblie;ition.=" The skin .sutures 
arc placed at the time of the debridement but are not tied, and a pack left in 
the wound for a tu-enty-foin'-hour peu-iod will .set uj) an inflammatory reaction 
in the .subcutaneous layers. Clinical experience! indieate.s that this inflaminatoiA' 
reaction enhanecs the ability of the wound to deal with the subscnuciit develop- 
ment of infection. Little, if any, disadvantafre i-e.snlts from leavinjr the .skin 
unsutured for two or throe day.s. If the wound remains comparatively sterile, 
delayed primary suture is a means of diminisliiii”: tlie j)eriod of hospitalization 
with reduction of di.sability. 

Secondary suture may likewi.se be emploj’ed in certain selected ease.s. A 
septic wound of the soft ti.ssiu'.s in the coiu-se of about fourteen days is usuall.v 
relatively clean if j)roj)ei’ treatment has been carried out. By this time necrotic 
ti.ssue has separated, and the 'rrannlation tissue Ii:is assumed a healthy appear- 
ance. Information ns to the bacteriology of the wound may be obtained by .suit- 
able laboratoiy ])roccdui'e.s. 

It is probably advantaLOJons to clean carefully I lie wound with continuous 
wet dre.ssings for two or three day.s before performing secondary closure. 

It is becoming more and more evident that the best drc-ssing for any raw 
.surface is skin. Even though the new .skin is merel.v a temporar.v covering to 
be later replaced with another type of graft for functional or cosmetic rca.son.s. 
it.s early use may avoid weeks of i)ain along with disability fi-om sear fis.sue 
contracture. The healing of extensive raw surfaces by secondar.v .scar formation 
should be avoided wherever i)o.ssible. 

Padgett and Hood,"" of the Univci'sity of Kansas, have j)erfceted a cali- 
brated mechanical device for cutting large sheets of skin at virtually any pre- 
determined level. AVhereas the Thier.sch graft as cut with the hand knife may 
vary from 0.010 inch to O.OIS inch, the dermatome gi-aft of Padgett may he cut 
in any range of thickne-ss from 0.008 to 0.024 inch. A full thickne.ss .skin graft 
in an adult varies in thickne.ss from 0.032 to 0.040 inch. The “three-quarter” 
thickness graft is cut at a level 75 to 90 per cent of the tlnckne.ss of the skin. 
The degree of contraction of the base of a wound is proportional to the thinness 
of the overlying graft. In some areas a thin graft may contract as much as 60 
per cent. Sfany ob.iections i-ai.sed in the past to split -thickne.ss grafts are in- 
validated when this thickei' type of graft is cmi)loyed as cut with the dermatome. 
The ease with wliich it may be u.sed makes virtually anyone jiroficient in this 
particular phase of surgery. 

ROLE OF .SULFONASriDES IN WOUND HEALING 

It has been estimated (Colebrook) that streptococci are responsible for at 
least 70 per cent of all deaths subsequent to wound infection. Only 15 per cent 
of wounds culture streptococci within twelve houi’s, but at the end of a "week of 
hospitalization the incidence increases to about 90 per cent. Droplet infection 
from the nose and throat, infected dust, instruments, and bed linens are impor- 
tant contributing factors. It seems, therefore, that if sulfanilamide were present 
in the circulating blood at the time the organism reaches the tissues, a systemic 
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infection might be prevented. There is rea.son to believe that the sulfonamide 
group of compounds have a high value in combating and preventing infection 
in wounds. Their systemic use after the wound is infected and after operation 
in the stage of contamination as a prophylactic mea.sure is well established. 

Sulfanilamide as a topical application for wounds was first used in the 
Spanish Ci\nl War. The result.s of such treatment, however, were last when 
Barcelona was eaptui’cd with disorganization of the entire medical sendee. Re- 
ports from France reveal that sulfanilamide was used in the French Aimiy, ap- 
plied directly to wounds as a prophylactic measure. It has, of eoui’se, been used 
subsequently in both civilian and military surgery, with some difference in 
opinion as to its general effects. Where the number of wounded is out of pro- 
portion to the facilities at hand for their care, it has been shown through recent 
militarv experience that the local u.se of the sulfonamides may prevent the trans.- 
tion of the .stage of contamination to that of infection. In such an in.stance 
debridement may be utilized after the eight- or twelve-hour arbitrary dead line 
rather commonly employed in the past. 

Jensen and his associates-'' were the first in this counti'y to publish ob- 
servations on the topical use of sulfanilamide in wounds. They demonstrated 
“that sulfanilamide is more effective when implanted locally than when given 
sy.stemically in preventing wound infection. Local sulfanilamide uill not pre- 
vent infections in the presence of ma.ssivc doses of contaminating organisms, 
although it does appear to lessen the .severity of these infections. 

“Dentalized ti.ssuc will inhibit the activity of locally implanted sulfanil- 
amide. Foreign matter will protect the contaminating organi.sms again.st sul- 
fanilamide.” Chemotherapy is no .substitute for careful .surgical debridement, 
immobilization of the part, and skillful general aftercare. IMore carefully con- 
trolled .studies are nece.ssary to the final evaluation of locally applied sulfa chemi- 
cals in lengthening the time element when debridement can be done in con- 
taminated wounds. There is no .sub.stitute for meticulous operative treatment 
done at the earliest po.ssible time. In both the immediate and postoperative care 
of the wounded man, it is well established that the general nutrition of the 
patient is extremely important. Shock, hemoriiiage, dehydration, and starva- 
tion must be treated and overcome. Especially important is hypoproteinemia 
that may result from malnutrition, hemorrhage, or from a septic course with 
much exudation. Proper diet, transfusion, plasma, and amino acid mixtures 
must be u.sed to correct this nutritional abnomality. 


It has been shoum that a proper vitamin intake is e.ssential to orderly wound 
le.ding. 'N itamin A is related to epithelial cell growth ; vitamin B complex ap- 
parently influences proliferation of fibroblasts; vitamin C plays an important 
part in collagen formation and in fibrobla.stie growth. A food intake rich in 
these essentials is nece.ssary for ti.ssue repair. 


-Aluch remains to be learned from the observations and tests of experience, 
m we now face the care of tho.se suft’ering tissue in.jury with more as.surance’ 

on'S't'rif-n si™' » "O'""! fomclation 

on uiiieli to build new and better techniques. 
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HEALING OP "WOUNDS® 


Lieut. Col. AY.vrxer F. Bo\vers, ^I.C., U. &. Arjiv 


W OUND healing is a process 'which intimately concerns eveiy surgeon, but 
this fundamental subject has received only superficial consideration, for the 
most part, until very recently u'hen the basic principles have begun to be more 
■widely appreciated. This paper attempts to epitomize the kno'wn facts from 
various angles, basic and clinical. 

BIOPHYSICS OF U'OUXD HE.VLIXG 

As soon as a ^YOund to tissue is sustained, serimi and blood accumulate 
and coagulate in the ■wound space and to a lesser degree in the interstices bet'ween 
the surrounding uninjured cells. Into this damaged area, cellular elements of 
the blood, ■wandering tissue cells and new capUlaiy loops are attracted. These 
capillary loops make up granulation tissue •which pulls the -wound edges together 
as the fibroblasts mature. This briefly is the entire process of normal healing 
and it is dependent on certain fundamental phenomena, namely : ameboid move- 
ment of cells, mitotic proliferation of cells and maturation of cells engaged in 
fusion of -wound surfaces. Ameboid movement of cells is stimulated by the pres- 
ence of blood, tissue fluids and a large number of other substances. Inade- 
quacy of oxj'gen and nutritive substances in the relatively ischemic border of the 
wound may cause tissue hxmger and anoxia follo-wed by eeU division and 
ameboid acthdty of fibroblasts and endothelial buds. Immediately after tissue 
injury the lytic phase of wound healing begins and here the dead tissue elements 
are removed by phagocytes. This also is called the lag phase because reparative 
processes do not begin until toward the end of the hdic phase. Phagocj"tosis is 
followed by an influx of ■wandering. connective tissue cells and then proliferation 
of the invading fibroblasts begins. Now, two fundamental processes begin to 
operate. The stereotropie response of growing cells to surfaces causes the grow- 
ing fibroblasts to elongate along the fibrils of the fibrin network in the eoagnlum, 
filling the wound space just as epithelial cells show ameboid movement along 
plane surfaces of granulation tissue and beneath crusts. This stereotropie re- 
sponse thus causes the fibroblasts to grow out and invade the wound space on 
the trellis of fibrin fibrils. A second factor which operates toward the same end 
is that of centrifugal force which directs growing cells away from their o-wn 
kind and so into the plasma mass in the -wound space. Endothelial hnds also 
exhibit this phenomenon which may be an electrochemical mechanism ; like cells 
vith like surface charges tending to repel each other. YTounds become firm 
as the maturing fibroblasts contract and surface epitbelialization progresses. The 
expecte d time of healing of any wound readily can be computed mathematically 

•Chief or Surg-ical Ser\-ico. Station Hospital, Camp Gruber. Okl.tlioma 
-V lecture eelivcred before the Omaha Xledical Troop School. 
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using the CiUTell-DuNouy' formula whiHi is (‘alculated on llie basis of surface 
area. These computations also a])ply to the healing of granulating cavities such 
as those seen in empyema. I have ])reviousIy shown this to bo the ease in .some 
uni)ublished work quoted by Carlson.^^ 

SY.srrMic (’ONnrnox.s ixkia'k.vcinu wf)t;xD iikamxo 

1. Ti.ssuo age, wh(‘liiei’ adolosecnt. normal adult, senese.ent, or degenerated, 
influences the rate of wound healing not only because young ti.s.siie.s heal most 
readily but because old tissues ar(“ apt to show vascular changes which retard 
healing. 2. The state of hydration of the li.ssnes as determined by water, electro- 
lyte and i)rotein balanci' in the l)Iood exerts a pi'ofound efleet on wound healing, 
and these factors will be diseu.ssed separately and in moi’c d(!tail later. 3. Normal 
nutritional balance is a somewhat vague term whi(di ])i-obably covers the aggre- 
gate of many of the othei' faelor.s which intlucnee wound healing. 4. Vitamin 
balance will be discussed in detail later and will be found to be one of the most 
fundamental but least known influences on wound healing. ;"). Tlie general stale 
of circulation and blood i)icture influence woimd healing as they afTect the inter- 
change of cellular and ionizable elements between normal and damaged tissues. 

locai. I'’actoi!.s ixi'i.vi:xcix(i wouxn hkaiaxg 

1. There is a quantitative relalion.ship between the amount of killed or 
damaged tissue in the wound and the time required for ])hagocytosis and re- 
pair. 2. Vascularity of the tis-sucs involved is of prime importance in wound 
healing. Avascular tissues must depend on lymi)h .sj)accs for interchange ot 
nutritive and waste materials, and since most authorities deny that lymph flows, 
this interchange depends upon diffusion gradients for exchange of ionizable 
substances and ameboid motion for ingrc.s.s of celbs. 3. As a corollary to the 
preceding .statement, the local blood .su])ply to the wound must be intact, for no 
matter how vascular the tissue, if the blood su])j)ly is jeoj)ardi/.cd by trauma, 
healing will be retarded in direct ratio. 4. The amount and character of the 
e.xudate in the wound space and in the tissues bordering on the wound de- 
termine the rate of healing in large mea.surc. b. The number and nature of the 
infectious organisms in the wound .sj)ace and bordering tissues have a profound 
bearing on Avound healing as infection throws an added burden on the reparatn'C 
mechanism. 6. The number and type of foreign bodies which must be encap- 
sulated or extruded from the wound influence the rapidity of wound healing. 

KKLATIOX or TI.SSUK J)II TO WOUXI) HKALIXU 

Normal tissues preserve a neutral reaction by means of diffusion between 
the blood stream and local tissue spaces. Injured tissue accumulates acid 
metabolites and the breakdoAvn of dead tissue also liberates split protein ])rod- 
ucts Avhich are acid in reaction. Tliesc factors influence the injured area and 
cause a shift in pH toAvard the acid side. Menkin^ shoAvs that neutrophilic leu- 
cocytes are attracted to slightly acid areas, and these cells therefore congregate 
in the injured area. If acidity exceeds the optimum point, the neuti’ophilic 
leucocytes are killed and macrophages are attracted. If the macrophages are 
able to phagocytose enough dead tissue to decrease the acidit}^, the inflammatory 
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reaction regresses; but, on the other liand, if Ihe acidity increases, the mac- 
rophages also are killed and suppuration results. As the neutral stage is re- 
gained, such cells as the l>unphoeytcs and pla.sma cells migrate to the site of re- 
action. From this discussion it seems that chemotaxis is largely responsible for 
the accumulation of the various cellular elements at the site of inflammatory 
reaction. 

ROLK or VIT.UriXS IN' WOL'N'D IIKAia.VO 

Vitamin A deficiency causes .such clinical manifestations as night blindness, 
photophobia, dry skin, dry eonjunctivae, blepharitis, follicular hyperkeratosis, 
and numerous or severe infections. This latter may he of some importance in 
wound healing hut such terms as “local ti.ssiie immunity” and “site of local 
lowered ti.ssue resistance” usually arc employed only to cover ignorance. About 
35 to 50 per cent of people show deficiency in Vitamin A by the photometric 
test; however, this test is not generally accepted as accurate. About 12 per 
cent of individuals show clinical deficiency of vitamin A, as evidenced by one or 
more of the prcviou.sly mentioned clinical manifc.station.s. 

Of the vitamin B complex, or thiamin chloride seems to he the only factor 
of importance in the healing process. B, seems to he identical with one of the 
components of the carho.xylasc enayme .system governing metabolism in nerve 
tissue. Therefore vitamin B, is of importance in the healing of injuric.s to nen’c 
tissue. 

Vitamin C (ascorbic or cevitamic acid) is the most essential vitamin in the 
healing process because intercellular substance in general and in the capillarj' 
hod in particular, as well as the collagen of all fibrous ti.ssue, requires cevitamic 
acid for its production and maintenance. Lack of vitamin C causes hemorrhage 
into the wound space with a lag in healing and a tendency to wound disrup- 
tion. Vitamin C deficiency in experimental animals has been shown to delay re- 
turn of ten.sile strength in wounds. About 40 per cent of indigent clinic pa- 
tients are deficient in vitamin C and all patients over seventy years of age show 
a relative deficiency. Patients placed on a strict ulcer diet become deficient in 
vitamin C within four days. These figures are arrived at by using the .skin test 
or the capillary fi-agility test. Jfany supcidicial studies of wound dehiscence 
have been published and various factors have been blamed, hut it seems reason- 
able and probable that vitamin C deficiency is the most universal and important 
factor. Vitamin C deficiency has many other intci-esling implications irs has been 
emphasised recently by Ijcsdne,'* As'ho states that Gciman soldiers receive 300 
lug. of cry.stalline vitamin C daily. 

Vitamin D is irradiated ergosterol which is related to cholcstei’ol, one of the 
group of sterols which arc of cxti-eine importance in basic cell phy.sio]ogv' be- 
cansc the stcroKs are responsible for the selective permeability of cell membranes. 
The presence of these stei-ols in liie surface film enables the cell membrane to 
change its colloidal state from a water in oil to an oil in water emulsoid and, 
lhe?-efore, both oily and aqueous substances may be taken into the cell seleetivelv, 

1 itamin K. a water-soluble napbthobydroquinone, is responsible for ninirt- 
lammg the level of blood prothrombin. K is ab-sozhed from the gastrointestinal 
Irnci only in the presence of bile .so that in ca.se.s of hiJiari- ohstriiethn, K is not 
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absorbed, the prothrombin level drops and the patient, tends to bleed. Vitamin 
Iv deficiency is of iinporlanee in wonnd lioalins only patients having biliary 
obstruction. 

The story of vitamins is not yet told but this seems to sum up our pre.scnt 
knowledge of vilamijis as they relate to wound healing. 

ina.ATlO.N O!' STATH OK nVUUA’nO.V TO woc.vn HKAM.VO 

Water is necessary to carry nutritive elements and waste products in .solu- 
tion and since those .solutions must be i.sotonie avilli blood, I'clativoly large quan- 
tities of (hiid are e.s.seutial. The many other im])lieations of this important 
snb.iecl have been covered l)y the jrapers of C’oller and !Maddock.'’ Suffice it to 
say hero tliat cither too mucii or too little thiid retards wound healing. The 
state of hydration of the surgical })atienl may be gauged by: 3. The urinary 
output. 2. Specific gravity of the blood as measured by the falling drop method." 
3. The McClure- Aldrich salt edema test.” The surgical ])aticnt must have a 
daily urinary output of at least GOO c.c. and preferably^ 3.000 c.c. The falling 
drop test measures the concentration of the blood, and by the use of a simple 
chart blood protein levels may be rjuickly read ofl‘. The yicClurc-Aldrich salt 
edema test depends on absorption of skin wheals of normal saline solution, and 
the rapidity of absorption is an index of the tissue hunger for fluid and salt. 

lU'.L.VTlON OK KmXTliOI.VTK »Al..\NCi; TO WOUND IlKALTNG 

Sodium chloride is the most imi)ortant electrolyte and is almost entirely re- 
sponsible for the osmotic ju'ossurc of intercellular fluid. Accinmdation of salt 
in the ti.ssues attracts fluid, edema develops, and edematous tissues do not heal 
properly because of altered prc.s.suro relationships and insufficient ingress and 
egress of materials. Decreased concentration of salt in the tissues causes a loss 
of fluid into the ve.s.scl.s with con.scfinenl 1).s.sne dehydration. Adequate fluid 
balance, therefore, depends on salt balance, and both arc very important m 
wound healing. 

RELATION or EEVF.I. OK I’KOTEINKMIA TO WOUND UEAI.ING 

Protein is the most important colloid element of blood, and as the quanti- 
tative level of blood protein is dccrea.scd, the osmotic pressure and diffusion 
gradient arc so altered that fluid tends to leave tlic vessels and accumulate m 
the tissue siiaccs. Blood protein levels of lower than 5 mg. per cent result in 
this tjqic of edema. IDeficiency' of protein as well as edema retards wound heal- 
ing. Eavdin® has shomi that abdominal wound disruption developed in over 70 
per cent of dogs operated upon in the i>resencc of hypoproteinemia. There was 
little or no evidence of fibroplasia in these cases up to two weeks after ojieration. 
On tlie otlier hand, a high protein diet speeds up wound liealing and almost 
eliminates the lag phase. 

RELATION OF METABOLIC RATE TO WOUND HEALING 

Tlieoretically, an increase in basal metabolic rate should speed the healing 
process, but such does not seem to be the case. Goiter incisions in, patients 
Avitli very higli metabolic rates do not heal any more readily than other types of 
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incisions al)ont (lie neck. RoiUinc adininislrafion of tliyvoid extract post- 
operatively to speed wound healing and increase the circulaloi’y rate to pi event 
thrombophlebitis lias been advocated but has not proved to be of value. 

KKOATIOK OF I.OCAI> BLOOD FLOW TO WOUND IIKALING 

Local blood flow brings in most of tiic cellular elements which are so im- 
portant in wound healing, brings in nutritive elements, and carries off metabo- 
lites. lu addition, there is a very important mechanical factor to be considered. 
If a large vein is damaged, it should be ligated because the thin wall precludes 
suture, and since A’eins usually are multiple, sufficient venous channels will re- 
main. If a large artery is damaged, it should be sutured if fea.sible but if this 
is impossible, a very different physiological px-oblem arises. Blalock has .shown 
that if a large artery is ligated, its accompanying vein also .should be ligated. 
This procedure has the effect of causing blood to remain longer in the involved 
area and thus the injured tissues have more time to make u.se of it. If the artery 
alone is ligated, the venous channels of return overbalance the arterial .smpply 
and the area is drained of blood. Ischemic gangrene may be the result. This 
is a very difficult point to make, and while many surgeons advocate and teach it, 
few liave the courage of tlieir convictions. The rationale is clear and I have 
seen it work in practice. 

EFFF.CTS OF TEAtPERATUBF ON WOUND HEALING 

The application of heat to most potentially infected wounds by the ii.se of 
hot packs, liot water hotties or light cradles is almo.st universal but may be 
veiy dangerous. There may be three .serious disadvantages to the use of heat 
on Avounds, 1. Heat may speed up local tissue metabolism to the point where the 
damaged vessels cannot adequately .supply the increased demand for fuel and 
gangrene I'csuhs. Thi.s is more frequent tlian is realized in .s-uch cases as diabetic 
infections Avliich i)rogi'e.s.s to gangrene. 2. Heat cannot he carried away because 
of damaged vc.ssels so that a cumiilatiA'c effect is pi-cscnt and causes increased 
tissue damage. 3. Heat augments capillary filtration and so inerea.se.s local 
edema which may or may not be beneficial as will he discassed later. It is a 
safe rule never to use external heal of more than 100 degi'ee.s, and a thermometer 
always .sliould lie hung in tlie light cradle. Kefngeration in the presence of 
A’ascular damage proliahly is more rational than the use of heat. Eefrigeration 
decreases metaiiolic needs so that a damaged circulation may he adequate. Fay 
has applied this principle to the treatment of carcinoma because malignant ti.s- 
-sue has a higher metabolic rate than normal tissue, and refrigeration may cau.se 
death of tumor tissue before normal ti.ssue i.s affected. 

ROLE OF PRESSURE AND TISSUE TENSION IN WOUND HEALING 

I previously liave shown'’ that in a hollow viscus distention of tiie lumen 
or increase in the ti.ssnc tension will cut off blood flow sufficiently to caii.se in- 
flammatory changes within the walls and thi.s will progre.s.s to ganirrene and 
perforation even in the complete ab.sencc of bacterial infection. IVound heaUns 
ni other tksucs is slowed by increased pressure or tissue tension heean.se of re- 
duction in blood fiorv or hindrance to physicoehemieal processes. Brooks’® 
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sliowed llint llic period of vinbilit.v of lissnc.s rendered eonipletely anemic by 
pressure is remarkably const ant, at 3S lionrs. The time element seems to be much 
more important. Ilian the decree of j)rcssure beeause very lov pressures may 
cause gangrene if ajiplicd constantly over a long jicriod of lime. Edema or e.\-- 
ternal appliances may exert .sufficient ])rc.ssure to cause tissue damage and mild 
degrees of damage heal by fibrosis wliicb, in such ca.ses as Volkman’s contracture, 
may lead to .serious dysfunction. 

I.MMOniUZATIO.N AND KUKVATIO.V IN Till: TKKAT.MfvNT OK WOUNDS 

Immobilization is a well-e.stablisbcd lu-incijile in the treatment of fractures, 
but its benefits in soft tissue wounds are not .so generally appreciated. Com- 
plete immobilization in .soft ti.ssue injuries not only facilitates healing but also 
relievos pain, iirevents deforming contractures and facilitates niuvsing care. 
Immobilization for soft tissue wounds was used extensively in the late Spani.sli 
War and has been exhaustively diseus.sed by Trueta and otliens. 

Elevation of the injured part makes use of the force of gravity to aid in 
return of blood and lymjib from the site of injury and is an extremely impor- 
tant mechanical principle. The fundamental (|uestion as to wlictber the inflam- 
matory reaction to healing and infection is the re.sult of bacterial action or Is a 
defense mcebanism on the part of the hast has never been satisfaetorily answered. 
If the former, then treatment .should combat the reaction, and if the latter, 
theimpcutic measures .should augment the reaction. Edema fluid is said to con- 
tain antibodies, and swelling may occlude tissue .sjiaccs and inhibit bacterial 
spread. On the other hand, edema increases jmin, decreases circulation, slows 
healing, and may provide a fluid medium through which bacteria dls.scminate. 
Elevation of the affected part definitely reduces inflammatory edema and makc.s 
the patient more comfortable. Healing Is facilitated but there are two dangers 
connected with the use of elevation. 1. Elevation of the lower extremity puts 
an extra load on the vascular system becau.se blood does not flow U]) hill without 
work. Particularly in older iiatients the angle of circulatory efiiciency must be 
watched closely. The toes of elevated extremities should be checked repeatedly 
for drop in temperature, and the vc.s.sels must be paljiated for adequate circula- 
tion. I have seen a nuinbei’ of ca.ses of gangrene develop from excc.ssivc elevation 
of the leg in young persons. 2. Elevation causes pus to settle by gravity and 
travel along fascial planes toward the trunk. I liave seen several huge gravi- 
tational abscesses develop imder ca.sts applied with the leg in elevation where 
the abscess Avas some distance proximal to the original infection. The papers of 
Wangensteen" discuss the factors of immobilization and elevation in the treat- 
ment of Avounds in considerable detail. 

PRIMARY vs. DELAA'ED CLO.SURE OF AVOUNDS 

The decision as to Avhether primary or delayed elosni’e of a AA'ound is to be 
emploj'ed depends on the time that has elapsed since the injury and also on the 
degree of obvious contamination. Primary closure in a clean AA-ound is indicated 
up to 8 hours after injury, but recently I have seen AA-onnds of much longer dura- 
tion, involving tendon suture, primarily closed AA'itli good results by implanting 
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sulfanilamide powder at operation. Ordinarily, however, dirty wounds or clean 
wounds seen after 8 hours are treated hy delayed closure. If the wound meets 
the criteria for primary closure, it should he flushed -with large quantities of 
saline solution or washed repeatedly with soap and water. Bad haljit.s are diffi- 
cult to eradicate so that the instillation of so-called antiseptic solutions into 
wounds still is practiced uudely. Closure should he accuiate hut nithout tension. 
Silk sutures mnr be used in clean eases, hut catgut is safer ])ecause of the dis- 
agi-eeahle sequelae if silk is used in the presence of infection. Catgut has a 
number of disadvantages, among which may he mentioned the fact that it is a 
foreign protein and occasions a certain amount of inflammatory reaction during 
its ultimate liquefaction and ahsoiption. Certain patients absorb catgut very 
rapidly, and there is some question of allergj' in these cases. In wounds which 
are doubtfully clean, it is possible to place adliesive tape close along the wound 
edges and then to suture the adhesive instead of the tissue. This procedure 
makes it a simple matter to open the incision if infection develops. If the wound 
does not meet the requirements for primary closure, it should he treated in one 
of the ways to he discussed later and then, when a smear from the granulating 
surface shows a hacternal count of less than 10 organisms per high power field, 
sccondarj’ closure may he done or the wound may he covered hy a .skin graft. 

DEBRIDEMENT OF WOUNDS 

Contused and multiple lacerated wounds require careful excision of aU 
obriously derdtalized tissue because of the danger of infection, particularlj' hy 
the anaerobic organisms of tetanus and gas gangrene if dead tissue remains to 
use up oxj’gen and act as a culture medium. A study of ballistics shows that for 
various sizes and velocities of projectiles, there are definite areas of tissue on all 
sides of the injury which subsequently Mill die as a re.sult of the concussion. 
Therefore, it is important for the .surgeon to knoM' niiat tj-pe of projectile caused 
the injurj' in order to determine hoM- much tissue to remove. Poor judgment in 
this matter may seriously affect subsequent healing. 

ANTISEPTICS IN INFECTION AND WOUND HE.VLING 

Manj' kinds of saprophytic bacteria and higher organisms live on the nor- 
mal human skin, the number and kind depending on the environment and the 
degree of personal hygiene of the indiiidual. A clean skin usually shows 12 
staphylococci or diphtheroids per square centimeter. Other eommon organisms 
in addition to fungi are spore formers, the colon group, and Bacillus proteus. 
This indicates that all M'ounds are at least potentially contaminated but .simple 
flushing of M'ounds M'ith saline .solution or soap and M-ater usually suffices to 
remove these nonpathogenic organisms. HoM-ever, from time immemorial men 
have searched for the magic colored solution which M'ill kill bacteria but not 
harm tissues. Xotwithstanding the expensive and varicolored solutions on the 
market today, such a desideratum has not yet been attained. The practice of 
pouring these solutions into defeiuselcss wounds simply increases the tissue bur- 
den and should be discontinued. Novak’=' shou-ed that all common alcoholic anti- 
septics kill 90 to 99 per cent of skin organisms, hut 50 per cent alcohol plus 10 
per cent acetone alone kills 97 per cent. It, therefore, .seems irrational to par 



458 


Tfir; .lOI'IINAIy OK lailOKATOItV AND OMNICAD MKDICINI; 


$10 ii •’alloii for cort.'iiti (■oiiiinorcinl solnfioii.s. Novak made up a soluliou of 

0. 5 per rent crc'.^iol and 0.07 ju.'r cent ])icldoride of mercury in 50 i)er cent alco- 
hol and 10 per eoni acclone .solution. This .solution kills- 100 per cent of dip!]- 
fheroids, 9!).G per ecmt of staphyloeoeei, eo.sls hut 00 eenl.s a "allon, and liashoon 
.sucee.sHfuliy used clinically for at least throe year.s at the Univonsity of Itlimii;- 
.s-ota fieneral Hosfiital. Novak .solution has heen u.sed for .skin prej)arali()ii at 
the Station Hospital, l-'t. Leonard Wood, l\Io,. since the ho.spifal o/K.‘ned on 31ay 

з. 1.041, with an o.vln'mely low inei<Ienco of wound infections. 

Tni:A'r.Mi;NT ok inkkctku wound.s 

The fact that such a lartre numher of agents have been j-eco/mnended for 
the treatment of infected wounds indicates that the ideal method has not been 
discovered. Ifowever, if is well to hear in mind the outstandin,£r poinl.s in the 

и. sc of these vai'ious suhstanee.s. 

Dalnnitntiou. Dakins sohit hm is an miueous buffered .solution of .sodium 
hypochlorite which liberates chlorine. Chlorine ha.s the effect of lifjuef.ving 
fibrin, dissolvin'^ dead tissue, killiiifr bacteria, and, therefore, is beneficial in any 
infected wound. The solution luis the di.sadvantaires of j-apid deterioration, 
short action, ob,icctionable odor and requires an elaborate system of botticsand 
tube.s for proi)er u.sc. Dakin's solution dis.solvc.s the cornified layere of normal 
.skin and, therefore, the area around the wound must be protected by vaseline 
gauze. The solution M-ill .sterilize a wound in 48 hours if correctly ased and 
will transform pus into a transparent, mucinous substance ivilh only a slight 
choline odor. Azoehloramidc is a more stable preparation which liberates chlo- 
rine over a longer i)criod and consequently is le.ss ii-ritating to normal tissue. 
Dichloraminc is an oily preparation which disintegrates still more slowly. 
Dakin’s solution was extensively used in the last Woi-ld War, but it is pi-edieted 
that it will be little used in the i)rcsent war. 

2lag(jot Treatment. Jlaggots were first introduced in the treatment of 
chronic osteomyelitis bccau.se it was olxserved that infested cases were found to 
be the cleanest. The application later was broadened to include all infected 
necrotic wounds. There arc several ideas as to why the larvae arc effective. 

1. It has been suggested that the larvae actually eat the dead tissue and purulent 
exudate, thus mechanically cleaning up the wound. 2. It has been thought that 
larval excretions arc responsible for the healing efi’ect. 3. Dead larvae are 
thought to liberate a substance which is bactericidal. The use of live maggot-s is 
ob.ieetioiiable to patients because of the crawling of the maggots and from the 
esthetic viewpoint. Furthermore, the treatment is difficult to cari-^- out hecaiise 
it is hard to obtain sterile maggots as needed. The problem has been approached 
by an effort to isolate the effective principle and b.v the application of macerated 
larvae in saline solution or oiiitnient form.^“ Experimental evidence shows that 
these extracts and ointments definitel.v promote healing, and at present it does 
not seem necessaiy to use live maggots. 

Cod Liver Oil. Cod liver oil is very valuable in the treatment of any in- 
fected wound and in prophylaxis in any open -wound. The oil discourages bac- 
terial groivth and has a marked stimulating effect on granulation tissue. Tliere 



BOWERS: HEALIXG OF WOUNDS 


459 


■may be some truth in the claim that vitamin D is the effective agent because it is 
known that oxidized odorous oil is more efficacious than the highlj purified 
product. Also, irradiation of other oils increases their healing properties. Cod 
liver oil may be used to fill cavities and soak dressings or may be used as a 30 
to 50 per cent ointment in vaseline. Cod liver oil is of great usefulness in the 
treatment of infected wounds, empj’ema, chronic osteomj'clitis, suppurative 
arthritis, bums, arteriosclerotic and diabetic gangi’ene. 

Oxidizing Agents. Certain bacteria grow best in an atmosphere of lowered 
oxj'gen tension and grow well in sjunbiosis because one organism uses up oxygen, 
thus making an anaerobic medium for the other. A microaerophilic streptococcus 
is such an organism and causes a gangrenous spreading infection. One means 
of treatment is debridement followed by the application of a sub.stance which 
breaks down to liberate oxygen, hleleny has popularized the use of zinc peroxide 
in such cases. This agent comes in powder foiin which is sterilized and then 
made into a thin paste with sterile water. The wound then is filled with paste- 
saturated sponges and a large airtight di'e.ssing is applied to inhibit evaporation 
and to prevent the rapid escape of oxygen. 

Chlorophyll. Various vegetable substances recently have been advocated 
for use in treatment of infected wounds. Of these, chlorophyll'^ has received the 
uddest trial. Chlorophyll inhibits bacterial growth apparently by preventing 
bacterial enzymic digestion of cell membranes. It is used in aqueous solution or 
in an oily base for suppositories or ointments. It may be given intx’avenously, 
by mouth, or it may be used as an indgating fluid. Chlorophyll cleans up the 
wound and stimulates granulation tis.sue. It has had exterrsive clinical trial in 
such eases as wound infections, empyema, fistulas, deep abscesses, acute infec- 
tions of the nose, throat and ear, male and female uidnarj' tract infections. This 
substance should be cheap, easy to prepare, and almost universally present. It 
IS interesting to speculate as to what role the ^dtamins in green vegetation may 
play in the healing effect of aqueous extracts. 

Barberry. Folklore remedies Avhich have stood the test of time deserve 
scientific investigation in order to isolate whatever specific principle may be 
pi'esent. One example of such work is the recent investigation of barberry by 
Dick.'^ Barberry has been Avidely used for centuries by aborigines as an infusion 
to cure surface infections and gonorrhea. Experimental work shows the ef- 
fective agent to be berberine, which in 1 per cent solution kills erysipelas strepto- 
cocci in S hours. Clinically, berberine has been successfully used in wound in- 
fections, decubitus, and varicose ulcers and mouth infections. It is dangerous 
when administered intravenously. 

Pectin. Another folk remedy of proved worth is the apple diet for infantile 
diarrhea. The effective agent now is knoivn to be pectin, which is foimd to be 
bacteriostatic in aqueous solution and stimulating to granulation tissue. Tomp- 
kins''' and others have shoum its worth in the treatment of various wound in- 
fections. 


Siticon. The use of silicon in the treatment of wounds has a very intei'csting 
background. Mountain dwellers of Virginia have a tradition that' eating sand 
will cause peptic ulcers to cease bleeding, and this led to an investigation of 
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silicon. It is known that silicon in the luni,' causes intense fibrosis of the pul- 
monary tissue, and Gardner has .shown that this is in inverse ratio to the size 
of the particles of silicon. It .seems established then that silicon ]>romotcs fibrosis, 
and the idea that silicon mi>rht cause wonnrls to fihi-o.se was fziven a clinical trial 
with striking results. Silicon was ground to the finest ])owder and used in all 
typos of wounds and uleer.s with ])rom}>t healing. Silicon was given by mouth 
for bleeding ulcers and by cystoscoj»e for bleeding tumors with cciually good re- 
sults. I .saw these cases demonstrated in the Department of Surgery at the Uni- 
versity of Cincinnati in IIKII and was <lee]ily impressed but to my knowledge the 
work never was jiublished. They were able to show elevation in the level of blood 
.silicon by oral administration with favorable results in wound healing. 

Specific Sera inul Aniiioxins. Gas gangrene, caused by Cl. welchii, is -u 
frequent complication of war rvounds because tlu-se anaerobic organisms are 
almost univer.sally found in dirt. This comjdication is mueli dreaded because the 
gas generated by the ovgai\isms rapidly spreads along tis.suc planes and produces 
pressure necrosis of ti.ssue. Manson has shown a J15 ])er cent incidence of Cl. 
welcliii in indolent leg rdcei-s, and this has given undue alarm to many .surgeons 
doing amputations in cases of diabetic or arteriosclerotic gangrene. In a pub- 
li.shcd sci-ics, Kennedy and I'* have shown that ))er cent of milk cultures made 
at operation and at tlie site of ainpnlation were jiositive foi- ga.s-forming or- 
ganisms, I)ut in no ease was antigas serum given and in no case did gas gangrene 
develop. This illustrates our point that most of these gn.s formers arc relatively 
nonpathogcnic, and if amputation is done according to the criteria we laid down, 
favorable results will follow in a higher tlian usual per cent of eases. Formerl.v, 
gas gangrene was treated by massive doses of antitoxin, but its value is open 
to question, and the danger of foreign protein sensitization is great. Injection 
of oxygen into the ti.ssucs has been used witli some success, but the most beneficial 
treatment seems to be with the x-ray or the local use of sulfanilamide. Tetanus 
is caused by Bacillus tetani, also a dirt organism, and is the cause of a high mor- 
tality rate. There is nothing new in the treatment of this disease, but it is sug- 
gested that zinc peroxide, x-ray therapy, and sulfonamide derivatives give enough 
promise to warrant investigative work. One answer to the problem may he 
in the universal toxoid immunization to tetanus now employed by the Army, but 
some alarming anaphylactic reactions are being reported. 

X-rcuj Therapy. Since the .striking work of Kelley in the treatment of gas 
gangrene, peiatonitis, and other severe infections by x-ray therapy, it has been 
.suggested that it be used in the early treatment of war wounds. Keating and 
Davis’® suggest that portable x-ray therapy units be placed with mobile surgical 
hospitals which already have power plants mounted on trucks. All dirty wounds 
would be treated within four hours after injury. This procedure is not to be 
recommended for three rea.sons; 1. Slight overdosage of x-ray therapy dcla.vs 
wound healing and may cause other well-known and more serious consequences. 
X-ray therapy given in all surgical hospitals would require man}' more trained 
radiologists than are available. 2. Not only is there danger of overdosage at one 
sitting but it is quite likely that in the rush of battle evacuation, records might 
not be completed so that patients might be ti-cated twice. Such mistakes are not 
entirely beyond the bounds of passibility. 3. Local implantation of sulfanilamide 
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is SO astonishingly successful in combating wound infection that it should not be 
discarded in favor of x-ray therapy, and most authorities state that the two 
modes of treatment should not be employed in the same case. 

Sulfonamide Drugs. Sulfanilamide and its derivatives seem to act as bac- 
teriostatics by virtue of their power to prevent bacterial cells from utilizing 
oxygen. Sulfapyridine was introduced to combat staphylococci, but it is rela- 
tively insoluble, gives a higher incidence of gastrointestinal upsets, and now is 
little rised. Sulfathiazole is well tolerated by mouth, in .solution in cod liver oil, 
or in ointment form. Excellent results have been reported from its use in 
carbuncles, operative wound infections, decubitus ulcers, corneal ulcers, cbronic 
osteomyelitis, empyema and subcutaneous abscesses.’® However, sulfathiazole 
is less soluble than the original sulfanilamide which is preferred for local im- 
plantation. 

Local implantation of sulfanilamide ety.stals was first used in compound 
fractures by Jensen,®® who reduced the previous incidence of severe infections 
from 25 per cent to nearly zero. Implantation gives a local concentration up to 
800 mg. per cent as compared with 10 mg. per cent which is attained with diffi- 
culty by oral administration of the drag. This concentration is so great that all 
organisms are affected, regardless of -whether or not sulfanilamide is specific for 
them. Saturated solutions of the drug may be used to irrigate infected carities 
with excellent results. .Local implantation of sulfanilamide around complicated 
gastrointestinal anastomoses®’ has greatly reduced the mortality, and its use free 
in the peritoneal cavity in cases of peritonitis has been beneficial. 

It is to be remembered, however, that sulfanilamide is absorbed with great 
rapidity from the peritoneal earity, its maximum blood level often being reached 
in 15 minutes after implantation. For this reason, the liver may be fatally 
damaged unless care is taken to use no more than o gi-ams of the drug. I have 
seen three patients die of toxic hepatitis following the intraperitoneal intro- 
duction of 10 grams of the drag. It is suggested that everj* soldier be furni.shed 
uith 5 gram ampoules of sulfanilamide -with in.structions to break one and pour 
the contents into a wound, whatever the site, as soon as incurred. The question 
of having the soldier begin oral administration of the drug or one of its deriva- 
tives also, immediately after injury-, should receive earne.st consideration. 


SUJFMARY 

Biophysical, mechanical, chemical and bacterial factoi-s are briefly con- 
.sidered as they relate to wound healing. The use of various and diverse sub- 
stances in the treatment of infected wounds is discussed and numerous points 
are raised with the hope that additional inve.stigative work ivill be stimulated. 
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WAR AVOUNDS AND A.XAEROBH.S 


Lieut. Col. Roland I. RitnTKix, Al.C.. 33itD ])iv].s:ion. N.0.U..S. 

(The writer states that the views expressed in this article are hi.s own and that neither the 
Surgeon General nor the ^rcdieal Depart ineiit of the Army is in anyway re.spousiblc) 


nisTouv 

B E1*'0RE tve lake up the .study of auaecohes itivolved iu war tvouiid.s Jet us 
A'iew tlie liistorj' of tlie outirc auacrohic realm. 

In 1776 .Spallanzani diseoA'ered that certain bacteria could live in an ana- 
erobic environment. In 1861 Pa.stenr reeopniz.ed the fact that certain organ- 
isms were able to e.xist and multiply in the ah.sence of free oxygen. 

The first of the pathogenic anaerobes to he discovered is the Leptothrix 
buccalis. Robin isolated and de.scribed it as early as 1847. In .1879 it was 
isolated by Trevesan. Frankel (1882), Jlicholson (1889), and Epstein (1900) 
observed leptothrix in connection willi inflammations of the month and pliaiynx. 
A^gnal and Arnstamoff successfully isolated this organism. 

Obermeier, engaged in the study of relapsing fever, isolated an organism 
which he called the spirillum of relapsing fcA’cr. This oecnrred in 1873. Little 
further work was done on this spirillum until thirty years later. From 1904 
to 1908 Amrious forms were discovered, among them the Spiroeheta duttoni b.A' 
Dutton and Todd in 1905; the Spiroeheta dochii by Novy; the Spiroeheta 


Reprinted from The Military Surseon 00: 164 (Februarj-), 1942 . 


PKITIKIX: WAR WOUNDS AND AKAEROBIvS 


463 


cai'teri by Mackic; the Bpirocbeta vhicenti by IManchnvcl. There arc several 
types of relapsing fever and it is not yet known which tj'pes of spirochetes aie 
responsible for the various types of tbe disease. 

Sehaiulinn (1905) in his researches on Spirocheta pallidum very often 
found spirillum of very similar morphology. This spirillum is tbe Spirillum 
refringens, found in the mouth, tonsils, in ulcerating lesions, in smegma, and 
in venereal warts. Noguchi (1913), in cultivating various bacteria taken from 
lesions of the external genitals, discovered a new species, w'hich he called 
l^pironema phagedenae. Another similar anaerobic .spirochete had been dis- 
covered in 1912 by King and Baeslake; they called it the Spironema hyos. 

Framboesia tropica, a disease occurring in tropical and subtropical coun- 
tries, wa.s studied by Castellani (1905). He i.solated from a large number of 
cases a spirochete which was named Spirocheta pertenue. It occurs in the 
cutaneous papules and ulcerations accompanying the disease. \on dem Borne 
repeated Castellani ’s investigations two years later and confirmed the facts 
stated by Castellani. 

In the same year Sehaudinn and Hoffmann carried on a series of inve.sti- 
gations with syphilitic patients, examined primaiy sjy)hilitic indurations and 
.secondary enlarged lymph nodes, and discovered a spirochete which had not 
been described and which was found in infected sj'philitic patients in a great 
proportion, and which was not found in luiinfeetcd patients. 

Next to the Spirocheta pallidum comes the Clostridium tetani in interest 
from the standpoint of pathogenicity. Lockjaw' had been knowm for many 
centuries, but it was not before 1883 that the causative agent of the disease 
was discovered. Carlo and Rattone in 1883 discovered it in the pus from a 
cutaneous lesion of a tetanus patient. They called it the bacillus of lockjaw. 
Nieolaier (1884) and Kitasato (1889), each cari’ying ou investigations on teta- 
nus, isolated and described a bacillus w'hich is believed to be identical to the 
one described by Carlo and Rattone. 

Van Ermergeii (1896) investigated a portion of a pickled ham, the inges- 
tion of which had caused disease of 34 persons, ten of them very seriously. 
He isolated an organism w'hich he called the Bacillus botulinus. His work w'as 
confirmed by Romer (1900). In 1915 Nevin discovered another type of Bacillus 
botulinus, which he called Bacillus botulinus B. 

Babes, V^ineent, and Plant are the chief workers on the disease known as 
Vincent’s angina. In a throat smear of a patient suffering from Vincent’s 
angina, Babes in 1889 isolated the BaciUus fusiformis. 

A bacterium found in the stools of nunsing children is the Bacillus bifidu.s, 
discovered by Tissier in 1900. 

Less important are the following; The lymph node anaerobic bacillirs, 
closely related to the bacteria group, al.so called the Coi-jmebacterinm, di.s- 
emered by Torrey in 1916. The Bacillus egens, discovered by Stoddard in 
1919. The multifermontans tcnalbus, or Clostridium multifermentans, also 
f iscovered by Stoddard in 1919. The anaerobic pseudotetanus baeillas, or 
Uostndmm totanomorphum, discovered by Macintosh and FiJde.s in 1917 
-jtmomyees necrophorus, discovered by Loffler in 1884, and the Treponema 
nmeosum of Noguchi (1913). ^ 
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A very extensive sUicly was made of flu* anaei-o])ie organisms assoeinttd 
with traumatic injuries during "World War I. !Most of tlie hncilli had been 
discovered long ])eforc tlie outhreak of tlie war, but it Avas during tlie war that 
wo learned so nnieh al)out them. The fir.st of these organisms to be dLseovered 
was the Vibrion septique of Pasteur and Joubert (1877). B. Avelchii found in 
gas gangrene, usually in civilian ease.s, W!is first discovei-ed by Welch iiml 
Xuttall (1882). This bacillus has al.so been ealleel the gas bacillus. Bacillus 
perfringens, and Clostridium wcieliii. Another bacillus of this group i.s H. 
oedematiens. which infected a large number of wounds, according to the dis- 
coverers, Weinberg and Se(iuin (Ihlb). In the same year Weinberg and Sefiuin 
isolated 13. fallax. a slightly jmlhogenic anaerobe. The following year they 
discovered the B. histolylicus, an inten.sely pi-oteolyfie anaerobe found asso- 
ciated with the anaerobes in war Avound.s. In 18Sf), tweh'e years after Pasteur 
had discoA'cred Vibrion sejitique. Cornevin, Arloing. and Thomas found a bacil- 
lus Avhieh they called the Bacillus ehauvoci. the bacillus of .syinptoniafic an- 
thrax or blackleg. 

Another organism that Weinberg and Beipiin claim to Iuia'c occurred fre- 
quently in Avar Avounds is the 13. sporogenos. discovered by ;3rctehnikofr in IbOS. 
In putrid Avounds is occasionally found 13. putriticus. discovered by Bienstoch 
(1884). The B. sporogeiies cadaA'cris of Klein is jierhaps the .same ns B. 
putrificus. Tissier and Itfortaily lun'o found this organism prc.scnt in putrid 
meat. The Bacillus oedematiens of Weinberg and Requin is similar to, but not 
identical Avith. Bacillus oedematiens II. or bacillus of Novy, diseoA-cred by 
NoA'y in 18114. 

TKCirNIQUIC or JSOI.ATION 

Anaerobic bacilli are coniparati\‘el.v difficult to isolate. It av.is not until 
World War I that efficient methods for the isolation of anaerobes Avere de- 
veloped. The early workei-s usually Avore Avorking Ai-ilii several organisms Avlieii 
they thought that thc.v had a pure culture, ^laclnto.sh and Fildes developed 
a good method for their isolation by using a technique Avhich inA'oh'ed repeated 
plating of the anaerobic bacilli. Vciilon’s nietluKl was n.scd by some Avorkers. 
This eomsisted of inoculating agar .shake lubes Avith varying dilutions of ma- 
terial. The tulie is then filed through at the level of the colony', and the colony 
is then fished. The best method is Barl)cr’.s method. (DcA'oloped by Barber 
in the laboratories of the Rockefeller Institute.) 

In Barlier’s method a pipette is u.sed to pipette out the colony'. Barber 
claims that his method i.s not as linie-consnming as the older methods, and 
permits the observer to make further observations on anaerobiosis, varialiibty. 
motility, rate of groAvth, and behavior in a medium of small soAving exactly 
knoAvn than the older methods alloAved. 

An isolation chamber is used, 7 cm. long, 3.25 em. broad, and 2 cm. high. 
Avhich gives sufficient room and alloAA's the use of a large cover glass, 60 by 
35 mm. The coA'er glass must he lieated very' clean, because it may' he used 
for groAving colonies on it. It is carefully' cleaned, smeared Avith vaseline. 
Avashed Avith hot Avater and alcohol, and Aviped Avith a clean cloth. This leaves 
a A'eiy thin film on the glass. If sterilisation is necessary', it should be done 
OA'er a flame of Ioav temperature .so as not to melt the vaseline. The point of 
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the pipette should be made very fine, .ix^st large enough to permit the entrance 
of organisms. It should be about 5 miera in diameter. 

^Yith the aid of a microscope a small droplet is pipetted from a cover slip 
containing a thin film of the solution with the organism to be isolated. The 
droplets pipetted off should then be examined under oil immersion. This nill 
insure the purity of the culture insofar as organisms visible to the oil-immei- 
sion lens are eoneerned. Invi.sible organisms cannot be guarded against. 

The isolated organisms are then transferred to test tubes, or grown on 
cover glasses and then transferred. A fresh pipette is used for each organism, 
and the organi.sm.s are separately transferred to test tubes. Each new pipette 
has the tip sterilized by supplying same with a small amount of sterile broth 
before use. This aids also in washing the bacilli well into the tubes in the case 
where bacilli adhere to vaseline on the out.sidc of the pipette. In washing the 
haeilli out, the technician miist be careful not to blow any air into the culture. 
The pipette method is used upon seeding material isolated by the u.sual means. 
Air was removed by pumping in oxygen or by heating, the culture being 
covered by a layer of vaseline Vf. I® 2 cm. thick which prevents access of air. 
For growing spores in hanging drops. Barber used the following method: A 
shallow moist glass chamber. 45 mm. long. 25 mm. broad, and 2 mm. deep, is 
made. The isolated spores are arranged on a cover glass. 1.5 or 2 mm. apart, 
and sufficient media added. The undei'surface of the cover gla.ss. Anth the 
exception of the central portion contaming the isolated spores, is then covered 
with a soft glucose agar cultiu-e of B. pyocyaneus. about 4 or 5 hours old. The 
area in the center may be surrounded by a thin paraffin Avail to prevent -spread- 
ing of the pyocyaneus. The bottom of the moist chamber is also .supplied Avith 
a similar layer of pyocyaneus culture. Pyrogallie acid and KOI! Avere used by 
Barber in connection Avith B. pyocyaneus. but they did not offer any adA-antage. 
Barber made sowings of the following bacilli : B. sporogenes. B. welchii. B. 
tetani, B. edematis. B. botulinus, B. of Bhon Sachs. B. aerofitidus, B. pirtrificus, 
B. bellonensis. B. tertius. B. fallax, B. edematiens. B. bifermentans. B. histolyt- 
ieus, Vibrion septique. 

Out of 400 one-cell soAvings of bacilli, he succeeded in producing groAvth 
in 62, or 1,5.5 per cent. 

He made 211 one-cell soAvings, ixsing all of the aboA'e, AA-ith the exception 
of Avcichii, edematis. aerofetidus and fallax and producing groAvth in 93. thus 
getting as a result 44.1 per cent. For the bacilli he used as media glucose 
broth, serum glucose broth, semisolid glireo.se agar, semisolid serum agar, firm 
glucose agar, firmr Veillon agar, liver peptone asar. minced brain, liver peptone 
water under vaseline, liver peptone Avater in vacunm. milk and plain broth, 
lor the spoi-es he used in addition, egg errbe and meat, but did not use liver 
peptone agar or minced brain. The bacilli, as a aa-IioIc, greAv best on the A'arious 
glucose media, the spores on the semisolid glucose agar. Barber also found 
lhaf spores remained viable after exposirre for an hour or more. Avhereas bacilli 
acre much more rapidly affected, depending on species. Barber found that 

- sporogenes groAvs A'ery rapidly. B. bellonensis A-ery .sloAvly. 

In summarizing. Barber made the folloAving statements: “ (1) The pipette 
■nellmd has proved a fca.siblc method of obtaining pure cultures of one-cell 
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anaerobes. (2) Bolli bacilli and .spore.s iiuiy be n.scd a.s .seediiiK niatcrial, but 
spores give a nmeh higher percenlagc of posilive.s. Boiling alone affords a 
sufficient degree of nnaerobiosis (o Ihe medium for initiating one-cell giwvtb; 
and semisolid agar i.s the mo.st convenient form of medium. Expo.surc to air 
during i.solation apparently has no efieet on the viability of .sjiore.s of <'uiacrol)e.s, 
l)ut young bacilli of .some .speeie.s sufi'er from a comparatively short exposure 
to free o.xygen.” 

CULTUKAt, OHAUACTianSTIC.S 

The cultural charaetcristic.s of the anaerobic bacilli causing gas gangrene 
will be discussed. "Wc may divide tlicse uj) iiito two groups, saccharolytic awl 
proteolytic, as follows; saccharolytic, B. welchii, Viln-ion sepfiriue, B. oedema- 
tiens, B. fallax; proteolytic, B. .sporogenc.s, B. histolyticus, B. putrificus. 

B. welehii is a gram-i)ositivc, nonmotile organism. In older cultures it may 
become gram-negative. Its length is 4 to S micra, breadth I to La niicra. 
straight, arid usually sqnai’c. It may be coeeus-shaped or rod-shaped, and lias 
a cap.sule. It has no flagella, no .spore.s. and is not very strictly anaerobic. The 
surface colonies on nutrient agar, .scrum agar, or glucose agar are circular m 
contour. Old colonics arc 1 to 2 mm. in diamolor. Young colonie.s, that is, 
colonics about 12 hours old are tran.shiccnt. It ferments the common .sugars, 
starch, and may ferment glycerin and inulin. It docs not ferment nianuite, 
dnlcitc, salicin. It grow.s rapidly on moat, with a formation of acid and gas. 
In milk we get what i.s known as stormy fermentation. Acid and g.is are 
formed with remarkable rapidity in great quanlitic.s. No .spores. In coagu- 
lated serum there i.s no change, no liquefaction, and .spores are formed. I'l 
alkaline egg broth an opacity re.sult.s, Bclnfin i.s liquefied in 48 Itouvs in an 
inoculated tube at 37 degrees Centigrade. 

Yibrion scptiqiie i.s gram-positive, composed of slender i-olls, strictly ana- 
erobic. has spore formation, i.s motile, has no capsule. On meat wc get a ran- 
cidity and gas. On inilk, whcz'c it i.s usually found, it causes acidity, produces 
a little gas, and eamses clotting. There i.s no liquefaction on coagulated serum. 
Alkaline egg broth growth i-esults in opacity, hut (here is no clotting. It lique- 
fies gelation, Wlien grown on brotli. a turbidity forms which settles to the 
bottom, leaving a clear .supernatant fluid. If ivili feimcnt glucose, levnlose, 
galactose, maltose, lactose, and salicin. If will not fcianent glycerin, saccharose, 
inulin, mazniile, and dnlcitc. 

It may be differentiated from llic B. chauvooi of Arloing, Cornevin, and 
Thomas by the fact that Vibrion septique will ferment salicin; B. chauvoei 
will not. 

B, oedematiens is motile under strictly anaerobic conditions. It is a stout 
rod, 0.8 to 1 micron in length, which is somewliat wider than B. welchii. The 
rod is lightly curved. Autolysis sets in very early in B. oedeznatiens cultures. 
Strict anaerobic conditions for good growth are required. In meat we get gas ; 
in milk, acid, and at the end of 4 or 5 days, a clot. Coagulated serum, no 
change. Broth, a tloeeulation and a semi- 02 >aqne elozid. Gelatin is liquefied. 
The production of acids is feeble in fermentations. It will ferment glucose, 
levulose, and maltose. It will not ferment glycerin, galactose, saccharose, 
lactose, mannite, dulcite, inulin, and salicin. 
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B. fallax is a motile, slender rod, 3 to 6 inicra in length, has rounded ends, 
and is slightly curved. Gram-negative elements arc freciuent. hen colonies 
are grown, those on the surface appear as round, crenated, slightly granular. 
The deep colonies arc lenticular, irregular, or bean-shaped. It will not digest 
meat, but ■will form acid. In three to seven days a milk culture clots. ith 
coagulated serum there is no liquefaction. The same is true of gelatin. All 
strains of B. fallax will ferment glucose, levulose, and maltose, but only a few 
strains will ferment galactose, sacchai’ose, starch, inulin, and salicin. 

B. sporogenes is ancillary to the condition of gas gangrene. It is actively 
motile, slender, forms spores, gram-negative in old cultures, gram-positive in 
young cultures, and is not absolutely anaerobic. The colonies have a wooly, 
tangled filament structure on the periphery, and have a hard center. The deep 
colonies are wooly. On meat there is a vigorous growth, with gas fonnation, 
an alkaline reaction, and a putrid odor. In milk a turbidity is formed wMch 
settles out, leaving a clear supernatant fluid, the reaction becoming alkaline. 
Coagulated serum is liquefied. In alkaline egg broth a fiocculent precipitate 
falls to the bottom and is digested. Gelatin is liquefied. It will ferment only 
glucose, levulose, and maltose. Some of the other organi.sms ancillary to a 
condition of gas gangrene are: B. coehlearius, B. parasporogenes (McIntosh, 
1917), B. tertius (Henry, 1917, Rodell as B. IH of von Hibler as B. IX), B. 
tetanomorphus, B. aerofetidus, B. bifermentans, B. putrificus, B. butyricus, B. 
multifermentans tenalbus. 

B, histolytieus is motile, rod-shaped, frequently arranged in pairs, is 3 to 5 
micra in length and 0.5 to 0.84 broad. Cultural reactions are characteristic for 
the group. The surface colonies are delicate, flat, erenated, and have irregular 
edges. In agar the deep colonies are arborescent or corallike, with flne wooly 
ends to the branches. A white deposit of tyrosine follows digestion upon 
inoculation in meat. Coagulated serum is liquefied and gelatin is liquefied. 
Glucose, levulose, maltose-fermented. 

B. putrificus is strongly proteolytic, gram-positive rod, oval spore.s, strictly 
terminal, giving drumstick appearance. Gelatin and serum are liquefied; milk 
is digested. It is found in gas gangrene and contributes to the putrid odor, 
but is in itself not pathogenic. 


pout;r of kesistaxce 

In the classification of anaerobes we inquire as to their resistance to an 
oxygen environment. In viewing the bacterial realm, we notice that we have 
^a^ious groups as regards aerobism. To one of these groups atmospheric oxy- 
gen is a toxin. This group is the obligative anaerobe group. Barber’s experi- 
ments showed that the presence of free oxygen stopped gro-wth as follows: 
B. welchii, 23 minutes; B. tetani, 60 minutes; B. oedmatis, 10 minutes; B. 
botulinus, 6 minutes; B. sporogenes, 0 minutes; B. of Ghon Sachs, 6 minutes; 
j. aerofitidus, 10 minutes; B. putrificus, 1 minute; B. bellonensis, 6 minutes; b! 
tertius, 10 minutes; B. fallax, 6 minutes; B. oedematiens, 17 minutes; B. bi- 
fermentans, 6 minutes ; B. histohdicus, 10 minutes. 

No culture has ever been grown absolutely oxygen free; a little oxv^en 
IS always present. Anaerobes live sj-mbiotically with aerobes to a great extent 
end perhaps acquire oxygen in that fashion. ’ 
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anaerobes. (2) Both bacilli and .spores may be iiscd as seediiifjr nialerial, but 
spores give a much higher pereenlage of posilives. Boiling alone affords a 
sufficient degree of anaerobiosis to the medium for initiating one-cell growth; 
and semi.solid agar i.s the mo.st convenient form of medium. K-spo-sure to air 
during isolation apparently has no efL’oet on the viability of sjiores of anaerobes, 
but young bacilli of some .species suffer from a compai'atively .short expo.sure 
to free oxygen.” 

CUETURAE Cl lAR.VCTKRI.STlC.S 

The cultural charaeteri.sties of the anaerobic bacilli causing gas gangrene 
will be discussed. We may divide these up into two group.s, saccharolytie and 
proteolytic, as follows; saccharolAiic, B. welchii, A’ibrion scptifiue, B. oedeaia- 
tiens, B. falla.x; proteol.vtic, B. .sporogcne.s, B. histolylicu.s, B. jnilrificu.s. 

B. welchii is a gram-positive, nonmotilc organism. In older cultures it may 
become gram-negative. Its length is 4 to 8 miera, breadth 3 to 3.5 mievn, 
straight and u.sually square. It may be coccus-shaiied or rod-shaped, and has 
a cap.sulc. It has no flagella, no .spores, and is not very strictly anaerobic. The 
surface colonies on nutrient agar, .scrum agar, or glucose agar arc circular in 
contour. Old colonies arc 3 to 2 mm. in diameter. Young colonies, that i.s, 
colonies about 32 hours old are tran.sluccnt. It ferments the common .sugars, 
.starch, and may ferment glycerin and inulin. It docs not ferment mannitc, 
dulcite, salicin. It grows rapidly on meat, with a fomnation of acid and gRS. 
In milk we get what is known as stormy fermentation. /\cid and gas arc 
formed with remarkable rapidity in groat (luantitios. No spores. In coagu- 
lated .serum there is no ehange, no liquefaction, and spores arc formed. In 
alkaline egg broth an opacity results. fJelatin is liquefied in 48 hours in au 
inoculated tube at 37 dcgi'oes Centigrade. 

Yibrion septique is gram-positive, compo.sed of .slender rolls, strictly ana- 
erobic, has spore formation, i.s motile, has no capsule. On meat wc get a ran- 
cidity and gas. On milk, where it i.s usually found, it causes acidity, produces 
a little gas, and causes clotting. There is no liquefaction on coagulated .serum. 
Alkaline egg broth growth results in opacity, but there is no clotting. It lique- 
fies gelation. When grown on broth, a turbidity forms which settles to the 
bottom, leaving a clear supernatant fluid. It will ferment glucose, Icvtdose, 
galactose, maltose, lactose, and salicin. It will not ferment glycerin, saccharose, 
inulin, mannite, and dulcite. 

It may be differentiated from the B. ehauvoei of Arloing, Cornevin, and 
Thomas by the fact that Vibrion septique will ferment salicin: B. ehauvoei 
will not. 

B. oedematiens is motile under strictly anaerobic eondition.s. It is a stout 
rod, 0.8 to 1 micron in length, which is somewhat wider than B. welchii. The 
rod is lightly curved. Autolysis sets in veiy early in B. oedematiens cultures. 
Strict anaerobic conditions for good growth are required. In meat we get gas; 
in milk, acid, and at the end of 4 or 5 days, a clot. Coagulated serum, no 
change. Broth, a flocculation and a semi-opaque cloud. Gelatin is liquefied. 
The production of acids is feeble in fermentations. It will ferment glucose, 
levulose, and maltose. It will not ferment glycerin, galactose, saccharose, 
lactose, mannite, dulcite, inulin, and salicin. 
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B. fallax is a motile, slender rod, 3 to 6 micra in length, has rounded ends, 
and is slightly curved. Gram-negative elements are frequent. When colonies 
are grown, those on the surface appear as round, crenated, slightly granular. 
The deep colonies are lenticular, irregular, or bean-shaped. It will not digest 
meat, but will form acid. In three to seA'en days a milk culture clots. With 
coagulated serum there is no liquefaction. The same is true of gelatin. All 
strains of B. fallax will ferment glucose, levulose, and maltose, but only a few 
strains will ferment galactose, saccharose, starch, inulin, and salicin. 

B. sporogenes is ancillary to the condition of gas gangrene. It is actively 
motile, slender, forms spores, gram-negative in old cultures, gram-positive in 
young cultures, and is not absolutely anaerobic. The colonies have a wooly, 
tangled filament str'ucture on the periphery, and have a hard center. The deep 
colonies are wooly. On meat there is a A'igorous growth, with gas formation, 
an alkaline reaction, and a putrid odor. In milk a turbidity is formed which 
settles out, leaving a clear supernatant fluid, the reaction becoming alkaline. 
Coagulated serum is liquefied. In alkaline egg broth a flocculent precipitate 
falls to the bottom and is digested. Gelatin is liquefied. It will ferment only 
glucose, levulose, and maltose. Some of the other organisms ancillary to a 
condition of gas gangi’ene are: B. eoelilearius, B. parasporogenes (SIcIntosh, 
1917), B. tertius (Henry, 1917, Bodell as B. IH of von Hibler as B. IX), B. 
tetanomorphus, B. aerofetidus, B. bifermentans, B. puti’ificus, B. butyricus, B. 
multifermentans tenalhus. 

B. histolytieus is motile, rod-shaped, frequently arranged in pairs, is 3 to 5 
micra in length and 0.5 to 0.84 broad. Cultural reactions are characteristic for 
the group. The surface colonies ai’e delicate, flat, crenated, and have irregular 
edges. In agar the deep colonies are ai'borescent or eorallike, wdth fine wooly 
ends to the branches. A white deposit of tyrosine follows digestion upon 
inoculation in meat. Coagulated serum is liquefied and gelatin is liquefied. 
Glucose, levulose, maltose-fermented. 

B. putrificus is strongly proteolytic, gram-positive rod, oval spores, strictly 
terminal, giving drumstick appearance. Gelatin and serum are liquefied ; mil k 
IS digested. It is found in gas gangrene and contributes to the putrid odor, 
but is in itself not pathogenic. 


PO^VER OF KESIST.A.NCE 

In the classification of anaerobes Ave inquire as to their resistance to an 
oxygen environment. In vieAving the bacterial realm, we notice that Ave have 
Aarious groups as regards aerobism. To one of these groups atmospheric oxy- 
gen is a toxin. This group is the obligath'e anaerobe group. Barber’s experi- 
ments showed that the presence of free oxygen stopped growth as foUoAvs: 
B. Avelchii, 23 minutes; B. tetani, 60 minutes; B. oedmatis, 10 minutes; B. 
botulmus, 6 minutes; B. sporogenes, 0 minutes; B. of Ghon Sachs, 6 minutes; 
B. aerofitidus, 10 minutes; B. putrificus, 1 minute; B. bellonensis, 6 minutes; B. 
tertms, 10 minutes; B. fallax, 6 minutes; B. oedematiens, 17 minutes; B.'bi- 
fermentans, 6 minutes ; B. histolj-tieus, 10 minutes. 

No culture has ever been grOAvn absolutely oxygen free; a little oxygen 
m ahvays present. Anaerobes live sj-mbiotically with aerobes to a -^reat extent 
and perhaps acquire oxygen in that fashion. ’ 
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Din-ing World War 1 it was forcibly called to {lie altciition of the clini- 
cians that the resistance of the bacteria to certain antiseptics did not have the 
same efi'ect on the bacteria in the wound as it did in the laboratory. 

Antiseptics of rai|)id action, which anaeroliie bacteria are unable to imst, 
are Dakin’s solution, eu.sol (hypochlorite .solutions), and cldoraniine T. Tiic.se 
antiseptics prevent further •rrowth even in optimum media. With eusol the 
following figures will show re.sult iif action : 


TIMK KCSOI, IlKMAIKKO 
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2(1 minnfo.‘< 
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•> 

50 

•10 


NCMiiia: or n.wTKniA r>;p. c.c. or 
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TiMi: nti.or.AMi.vF, t ik woc.vii 
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NTMiiKi: or coi,o.vn:s iii;via.oris<! ov ri..\Tt;.s 
Xo grout li after 2-t lioi!r.« 
lnnuiiii’rul)li* eoloiiie.s after •! days 
Innumeralile eolonie.-’ after -t «lay.< 
3muiineral)le eolonie.-' after -t.'? hour.-’ 
liimiaieralOe eolonie.'' after -IS Iioar.-s 


The antiseptics used almve tire very destructive to anaerobes in the lahova- 
tory but their potency is dissipated in some way in the wound perliap.s by con 
tact with the walls of the wound, its di.scharges, or both of these factors, B.v 
e.vpcrinienfs carried on in vitro it was discovered that the bactericidal efficacy 
of antiseptics is lessened in the pre.sence of serum, and tlnit leucocytes have a 
quenching efl'oet upon antiseptic agent.s. The vahu's for the c(mcentration.s of 
various drugs to inhibit completely the growth of 13. simrogeiu's are as folhnys; 
Iodine 1:500; chloramine T 1:50; carbolic acid 1:200; mercuric ehloricle 
1:2.000; crystal violet in 6,400. For 11. welehii tlie values ai‘c as follows: 
Iodine 1:.500; eusol 1:4; chloramine T 1:()0; carbolic acid 1:200; niereuric 
chloride 1 ;2,0fl0; malachite green 1 ;200; tiavine 1 :1(>,000; crystal violet 1:1.000. 
Dyestuffs in general exci-t an inhibitory effect on the bacteria. The haetcri- 
eidal dyes lo.se a great deal of their potency by combining with the fabrics used 
for bandaging. 

Anaerobes, and especially their .spores, are comiiaratively rc.sistant to 
desiccation. Light is a strong bactericidal agent, but in the case of the an- 
aerobes, a completely anaerobic envh'onment will interfere with the hactcrieidal 
action of light. Hydrogen peroxide is a strong bactericidal agent. 

A hypertonic salt solution is an indirect bactericidal agent; it produces an 
accumulation of leucocytes. Electric light, x-rays, and radium light have aa 
inhibitory effect on anaerobic growth. Electrical currents applied to a solution 
containing anaerobes will act as a bactericidal agent. Heat will kill anaerobes. 

CHAXXKL OP IXKKCTIOX — MOST COMMON' SOURCE 

The point of infection is the wound. Of tlic various types some are more 
liable to anaerobic infection than others. The more irregular and lacerated 
wounds become more highly infected. In the ease of a wound caused by a 
shell particle acute infection follows for two reasons : The shell particle makes 
a rougher wound than the high-powered bnlJet, and the shell bursting on per- 
cussion with the ground carries with it as it enters the wound portions of soil, 
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which in highly fertilized districts itiay be heavily charged ^Yith anaerobes. In- 
fection may take on various phases. We may get a localized anaerobic infec- 
tion in the wound, slowly spreading anaerobic infection in the wounds; gas 
gangrene of the “group” tjTrc when a single muscle or group of muscles is 
attacked; gas gangrene of the massive type when a whole segment of a limb is 
involved ; or the fulminating tyi^e. 

Infection is aided by the following factors; detention of extravasated 
iilood; interference with the local circulation; the presence of masses of de- 
vitalizing tissues; extensive fractures and comminution of long bones; reteji- 
tion of wound secretions by dressing, pastes, or packings. The wound, if it has 
the shape of a cavity with a small surface opening, is ideal for anaerobic 
growth. Delay in the mechanical clean.sing of a wound leads to acute infection, 
as does also the retention of foreign bodies. 

PATHOGEXICITV 

In a wound a myriad of factors enter which determine whether an anae- 
robic infection will be apparent within an hour, or rvhether several days rvill 
elapse before distinctive features appear. An infection usually takes the fol- 
lowing course; The wound has a brownish discharge, composed of broken 
down blood clots; it is foul smelling and gives off gas. The odor depends on 
the infecting organism and the .stage of the wound. At the very beginning a 
characteristic smell is absent, but later it becomes foul and acrid. A serous 
infiltration occurs throughout the intermuscular septa and connective tissue. 
The accumulation of the fluid causes a swelling which takes on the appearance 
of a purplish ring around the Avonnd. The muscle is at fir.st not infected ; when 
infection sets in, we have the condition of gas gangrene. The muscle tissue is 
invaded hy the organisms and is gradually digested. If the blood supply is 
left intact, we are able to see the actual course of infection. The muscle be- 
comes black, friable, and diffluent. Then we get several color zones, fir.st red. 
then yelloM'. Contractility i.s lost and the muscle undergoes changes in color- 
ing, beginning with red and changing to greenish yellow and then to black. 

In another type the blood supply is ent off. The muscle changes color from 
purpli.sh red to a greenish black diffluent mass. Gas forms first as bubbles 
l)cfwoen the muscle fibers, afterwards entering the areolar tissues. The gas 
lia.s a deleterious effect, since it produces pressure in the fascial .sheath and eon- 
■strict.s the blood vessels. Interference with the blood supply is very favorable 
to infection, because neither the first nor second line of defense is given free pla.v, 
Toxnt Production. — B. welchii produces a true exotoxin. An antitoxin was 
fir.st developed by Klose (1916). which was not, however, as effective as Berg- 
ston s. Since B. welchii is the chief oi-ganism involved in gas gangrene, an anti- 
to.xin injection will remove the organism causing the most trouble, and will 
leave the minor gas gangrene organisms alone, among them the Yibriou sep- 
tiqne and B. ocdematien.s. which come next on the list from the point of view 
<ff jnfection. B. welchii was isolated by ^Veinberg and Sequin in 72 to 80 per 
of the cases of gas gangrene studied by them during the war.*" Patho- 
and hemolytic power vary gi-eatly with the different .strains of B. 

•Workl War 1. 
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welchii. In fatal cases death usually results from a B. Avelchii septicemia. 
Spores are never formed in the animal body. 

Vibrion septique has a very powerful toxin. It is a .soluble toxin. A 
specific antitoxin has been developed. 

B. oedematiens is, in general, ])alhogenic, although two notivirulent strains 
have been isolated by AVeinherg and Sequin. The lesion caused by B. oedema- 
liens is characterized by a whitish, gelatinous exudate and absence of ga,s. 
B. oedematiens forms a soluble toxin, but does not cause the acute infection 
that A’ibrion septique docs. 

B. fallax is very slightly pathogenic. 

B. sporogenes was found in 27 per eent of the cases examined by A\ einberg 
and Sequin; it is usually iTsjmnsiblc for the foul odor in wounds. This organ- 
ism is, however’, not very pathogenic and produces a weak toxin. 

B. histolytieus is intensely hemolytic and jrroduces large lesions, hut is 
nontoxic, and does not produce acute infections. 

B. putrificus is actively jiroteolyfic, produces foul odor and putridity m 
wounds, and is nonpathogenic. The condition of the wound under treatment 
may become better or worse. If better it heals; the pus is drained and granu- 
lation sets in. If the wcnind becomes worse, the gas gangrene condition rapidly 
encompasses more area, and we get a condition which demands amputation. 

The infection, although primarily caused by anaerobic bacilli, i-s usually 
found to contain aerobes, nsually streptococcus and .stapli.vloeoeeu.s. Tlie 
anaerobes grow better under an environment containing aerobes. Thus to 
remove the aerobes, which are aiding in causing a media favorable to anaerobes, 
we inject some staphyloeoceus vaccine, or a vaccine made from AI. tetragenus 
and streptococcus. Tlic vaccine u.sually impi'ovcs the wound. Vaccine ga''^ 
good results in cases where a condition ensued in winch there was a pyrexia, a 
cessation of the healing process, and an uidienlthy appearance in the wounds. 
In the treatment we must he careful of our use of antise])lic: a very ueak 
solution of ehloramine T, foi- example, will have a stimulating eiVeet upon the 
organisms. 


mSSIXMI.N’ATlOX WITIltN' THE liODV 01' THE UO.ST 

In. the ease of gas gangrene, the condition is such that dissemination of the 
infective material to even a comparatively small extent is fatal. The treatment 
of a wound is determined by the danger of dissemination to a very great extent. 
If we have the wound in a limb, the limb must be amputated if the infection 
cannot he conti’olled. 'We give our antiseptics with the view of preventing 
spread of infection. Thus, when a patient is brought into the hospital, the 
wound is immediately washed with liypoehloritc solution, and we apply 
Dakin’s solution, or chloramine T. Hypochlorite solution is the most effective 
means for putting an initial stop to dissemination. 

Slough-covered wounds are given frequent washings with a 0.5 per cent 
salt solution, Avhicli causes a liberation of a tryptic ferment upon the disin- 
tegration of the leucocytes in pus. An exudation of lymph also ensues. I '"’iH 
give a brief summary of a few cases showing dissemination of the disease. 
(Great Britain Medical Research Conneil Report 57: 122-150, 1920.) 
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I. Bullet entered right thigh, gluteal mupcics afTccted by gas gangrene, no healing, 
general condition worse — amputation. 

n. Gangrene in muscle of leg. Dissemination stopped bj" hypochlorite applications. 
Connective tissue repair. 

ni. Wounded. Was lying on the field for three days before he was picked up. He 
was very weak from loss of blood, and an infection spread in his leg. He was taken to 
the base hospital. Wound was treated with Dakin's solution, and everj' attempt was made 
to stop spread of infection. Infection continued spreading so that leg was amputated 
above the knee. 

IV. He was wounded in the forearm. Incisions were made for gas gangrene. Infec- 
tion was counteracted. Granulation tissue repair. Muscle was not as efficient as formerly 
after wound was healed. 

V. Wound in right scapula. Incisions made on surface with extra precautions. Easily 
repaired. Tliis type of wound otfers comparatively little trouble. 

VT. Wounded in leg. Muscle became gangrenous and was excised. Kapid recovery 
followed, although leg was not as efficient as formerly. 

VH. Infection in gluteal muscles. Incisions were made into muscle, but did not aid 
in stopping spread of infection. Muscles excised. Fever followed, and large pieces of 
necrosed bone were removed from the neighborhood of the sacroiliac .ioint, which greatly 
improved the drainage of the deeper portion of the wound. The wound progressed won- 
derfulh' quickly, granulations springing up from the bottom and filling the cavity, the 
epithelium also spreading in from the edges. When later the concentration of material 
became great and contraction followed, but was not rapid enough, and epithelium stopped 
spreading, some 45 Steele’s grafts taken from the patient’s thigh were applied to the 
granulating surface, no special arrangement being adopted. A second skin grafting opera- 
tion two months later when the scar tissue was very pronounced, and the granulations in 
consequence verj- bloodless, was an almost complete failure. However, under massage to 
loosen the scar tissue, and to promote circulation, healing progressed slowly and patient 
was discharged. 

Vm, Bullet going through and through, leaves clean wound, very easily healed. 

Femur fractured. Drainage incisions made to curb infection. Infection stopped. 
Operation, binding bone with metallic thread. Operation for removal of metallic thread. 
Wound heals. 

X. Infection attacks to the extent of septicemia, in verj' weak patient. Death. 

XI. Pus from wounds in head drained. This condition is very dangerous due to 
proximity to the brain. 

XU. Eepeated amputations. Pleurisy set in. Death due to either septic thrombosis 
of the vena cava or septic thrombosis of the inferior or common iliac vein. 

IVound healing. Severe secondary hemorrhage, wound opened, but bleeding 
Jioint could not be found due to infiltration of blood and inflammatory exudation. Ampu- 
tation found necessary and performed. 


In general, we may say this about dissemination. An infection is started 
and we have an inflammation. Then there is a leucoejTic infiltration. Necrosis 
sets in, muscle and bone tissue are destroyed, there is a Ijunphocytic infiltra- 
lion, and a putrefied mass is formed in the wound. The wound has a tendency 
to close on the surface, leaving a putrid proliferative mass. A flesh wound on 
tiic abdomen, if severe enough, may gain entrance into the abdominal cavity. 
A case of gangrene in the abdominal region is rare, due to the fact that ab- 
floniinal fle.sh wounds are easily treated. Dissemination of infection of a wound 
"I tins kind into the abdominal cavity is usually fatal. 


Thrombosis, embolism, septicemia often re.sult in easc.s of gas -an-,. one the 

‘•dter being fatal, the former two leading to a critical condition. " ' 
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Yiirioiis complications may arise. In gas gangrene .septicemia a liigh tern- 
perature is reached (102 to 103 degrees Fahrenheit) and death follows. Very 
rarely wc may gel a gas gangrene i)yemin. 3'herc is an invasion into the blood 
stream, secondary deposits of gas gangrene bacilli in various ])arts of the body 
when the tissues have suffoi'cd some .slight damage, as fi'om the introduction of a 
hypodermic injection, or an infusion of saline, or they may develop in tissues 
subjected to prolonged ])re.ssure as in tlie buttock, when the patient lies in bed 
tilted on one hi]). The })i-ognosis is extremely bad. 

ci.ixiCAi. shjxificaxci: 

*4. Diagnosis of the Disease From a Vlinician's Standpoint 

1. The physieed standpoint: The phy.sieal signs difter according to the type 
ot the disease ])resenl. A localized anaerobic infection is distinguished by a foul- 
.smelling discharge, mixed with bubbles of gas. If the disease is more c.xtcn- 
sive, .swelling is noted, and upon pei’cussiou of the swollen area a tympanitic 
sound is heard. 

By noting the type of wound, we are able to tell whether an anaerobic 
infection will soon be in evidence. Wounds with im|)erfoet drainage, extensive 
devitalization, and death of tissue with extravasation of blood, will rc.sult in 
gas gangrene cases. Im])erfeel drainage is typical in cases where a projectile 
made a small point of entrance, entered dee])ly. and was retained. The general 
condition of the wounded man is also imi)ortant. Infection dcvelop.s niueli 
more readily in fatigued troops than in fresh troops. An irregular projectile 
forms a more irrcgulai- wound, and may carry bits of clothing, and thus in- 
crease the chances of infection. An area with a diminished blood supply pre- 
cludes active intervention by the protective mechanisms of the body. When 
a wound becomes infected, it is an anaerobic infection up to the time the 
muscle is attacked, then it becomes gas gangi'cne. The muscle becomes black, 
friable, and diiHuent, and the line of invasion is .seen. In others we .sec red and 
yellow zones or bands. In some our chief symptom is a loss of eontractilit.v. 
The diagnostic features of gas gangrene ai‘e pain, crepitation, rc.sonance on 
percus.sion, and what is moi-c important, severe constitutional .symptoms. 

The disease may be one of several types. In the first type we have a 
localized anaerobic infection. In the second type we have slow spreading. I» 
the third, swelling, and a tympanitic condition and crepitation may be de- 
tected. These .symptoms become more marked as the disease continue.s, the 
skin develops large irregular fibrillae, with blood-stained serous fluid. There 
is a mottling of purple patches, becoming greenish yellow. The muscle becomes 
dry, brown, pultaceous, and finally black with a .slimy .surface. This third type 
is called the group typo. The fourth is the massive type. Here the blood sup- 
ply is cut off, constitutional symptoms, .such as vomiting, rise in temperature, 
and a rapid pulse are noted. There is a rapid appearance of signs of decom- 
position. The fifth type is the fulminating type. Severe pain, extensive swell- 
ing of the affected part, rapid spread of the disease, and severe constitutional 
features are the symptoms. 

2. Symptoms: In the early stages pain is very marked ; the unusual amount 
of pain depends upon the increasing pressure within the wound. When the 
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infection becomes established, pain increases. There is a feeling of numbness 
in the superficial parts of the limb. The patient looks distressed and ill. Lips 
acquire a cyanotic color, the pulse rate is rapid, and the temperature rises 3 to 
■1 degrees Fahrervlreit. There is continuous vomiting. If the disease becomes 
more rapid, becomes running and uncontrollable, there is more frequent vomit- 
ing, the extremities become cold and blue, the temperature falls. The mind, how- 
ever, remains acute even to the end ; in the tei-minal stages some degree of general 
icterus may be present. Death comes with dramatic suddenness; the specific 
cause is still unkno\vn. Pulmonary embolism is never found in autopsy. 

B. Laboratory Standpoint 

The primary infection is largely made up of fecal material baeteiua. B. 
welchii and associated anaerobes in sjniibiosis with aerobes, chiefly strepto- 
coccus and staphylococcus. After the healing process had begun and gi-anula- 
tion tissue formed, no B. welehii were found upon laboratory examination. In 
recrudescence of bacterial infections after operations, the chief anaerobe to be 
found was B. sporogenes, always in company with streptococci and staphylo- 
cocci. As soon as a case was brought into the hospital and physical diagnosis 
'vas made, samples of pus were collected and films and cultures were made. 
The specific organisms causing the infection ai-e thus noted. AYeinberg and 
Sequin give the following figures : B. welcliii were found in 72-80 per cent of 
eases; Vibrion septique in 12 per cent of cases; B. oedematiens in 34 per cent 
of cases ; B. sporogenes in 27 per cent of cases. 
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I N’ 15)25, when llie lannio acid treatment of hnrn.s wa.s ijitroduced a rcmarhahle 
step forward was made in redueiii" the morl)idity and mortality of thermal 
injuries. 

It was soon discovered that tannin'r (witli the later modification of appl.'- 
ing silver nitrate to the area) relieved pain hy iirotecting exposed nerve endings 
and stopped the escape of pi’ocious body fluids hy forming a damming e.schar 
over the raw area. Both were important factors in reducing shock. However, 
the method had two marked disadvantages. 

In the tir.st place, it was nece.ssary to sernb the jiatient thoroughly before 
applying the tannic acid spray, for every effort had to be made to cleanse and 
“sterilize” the skin before applying, because tannic acid is not bactericidal. 
Infection and associated toxemia, once started beneath the tough protecting 
but masking c.schar, would often ho the eau.se of the patient ’s death. This due 
complication is usually due to eonlamiiialion of the raw surfaces licforc the 
tanning lakes place and the eschar forms. The Inirncd area is sterile for sonic 
time after the injury, since bacteria arc killed by llio same physical cause that 
kills cells and tis.sucs. Toxemia is the .second most im])ortant complication ns 
a cause of death from burns : shock is first. 

Secondly, wlien the epitlielization occurred under the tough, inflexible 
eschar, the cells of epitlieliuiii that grow into the ])urncd area from the nn- 
Inirned margins were not “normal” in that they, too, had been “tanned. 
The connective tissue bcncatli, instead of being elastic, forms tough, con- 
tracted bands under tlie deformed epithelium. This grave aftermath, nsiialli 
of third-degree burns, frequently causes more concern than the original mjiuy, 
especially if the face, neck, hands, or flexor surfaces of the extremities aie 
involved. Tlie patient recovers from the burn but is frequently loft a <^o- 
formed, crippled monster. Infection further increases the scarring, even though 
sulfon-ehemotherapy has reduced the morbidity. The patient faces months of 
painful and expensive plastic surgery iu order to return to a semblauee of 
normalit3^ 

Not only is tannic acid (even with silver nitrate) nongermicidal, hut it 
lias the added disadvantage of being extremely unstable, necessitating fresh 
solutions whenever needed. Such an eschar is thick and likely to crack, and 
if the surface to be tanned is already infected, it will not “take.” 


‘Reprinted from the U. .S. Nav. Med. Bull. 40: 557 (July), 1BI2. 
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It was plainly seen after years of experience with tliis treatment that for 
the reasons discussed, the tannic acid method conld lie improved upon. hat 
other methods conld he used to Rive an antiseptic, analgesic eschar that would 
provide a dam for escape of tissue fluids, .stimulate normal epithelization, and 
form a nondisfignring scar? 

Aniline dyes had been used in connection with burns for yeai’S; singly 
they did not seem to have the proper (pialities to displace tanning. 

In 3933 Aldrich’’ == happened upon the ideal combination of these dyes. lie 
showed by culturing burns that they were sterile (due to thermal injury of the 
skin) up to eighteen hours after the injury occurred. If the patient showed no 
signs of toxemia after this, the wound remained relatively sterile. Up to the 
seventy-second hour a mixed tjiic of infection could be cultured from the 
wound surface; and after that period, pure cultures of beta and gamma hemo- 
lytic streptococci could he demon.strated in a toxic patient. Aldrich felt that 
the infection was the cause of this early toxemia, rather than the previously 
suggested split proteins, and he was able to prove his thesis experimentally, 
not only by surface culture of the burn, but from blood cultures as well ; he 
also showed that only infected cases became toxic. This led him to search for 
an eschar-forming dye that was noninjurious to the tissues, yet .strongly germi- 
cidal. lie found that gentian violet was effective against the gram-negative 
organisms. But it was not until he mixed crystal violet and neutral acriflavine 
(acriviolet) and brilliant green that he was able to kill the gram-po.sitive 
organisms as well as the gi’am-negative, yet not injure tissues. Not only did 
these dyes in combination (1:1,000 solution) kill all germs; they formed a 
tough, purple-brown, supple eschar to seal the area, and provided excellent 
analgesia as well. 

If a local area becomes infected in .spite of the triple-dye treatment, it is 
not masked until late in the cour.se of- this complication, as it is in the tannic- 
acid method. By daily observation a softened, moist area can readily be de- 
lected and by simply trimming it out and respraying the denuded area, one 
can cpiickly end this complication. 

TIic three-dye mixture consists of I per cent aqueous solution of cry.stal 
violet (gentian violet also is used) and brilliant green, and a 0.3 per cent solu- 
tion of neutral acriflavine. This mixture is quite stable and can be prepared 
and stored for a long time without losing its efficiency. The ci-j'.stal violet is 
specific for gram-positive organisms and has a definite analgesic action in that 
It coagulates with plasma proteins to form the eschar protection for the ex- 
posed nerve endings. The neutral acriflavine and the brilliant green dj’es have 
special germicidal action against gram-negative organisms. In dilution of 3 :3,000 
the mixture has a phenol coefficient for many of the pyogenic organisms. It is 
uonto.xic to normal li.ssucs, although it stains skin, mucous membrane, and 
granulation tissue (in fact, everything it comes in contact with) a purnlc- 
orown color. 


Although dyes arc messy to handle, this is insignificant in view of the facts 
lat the morbidity and mortality from burns and the incidence of .sear de- 
markedly reduced with this treatment. Aldrich himself 
s that he does not “wish to give the impression that by merely .spraying 



476 


TIIK .rOUIiXAI. or oahoisatokv and oijnioai. mkdicink 


Avith this dye there Avill ])e no mortality. Tlie use of tlie triple dye makes 
treatment easier,” but otlier aspects of the treatment, i.e., treatment of the 
patient, in general, cannot l)c neglected. Ife further adds that “iti.snotthc 
final answer to all problems ])rescntcd by a burn patient,” even though the 
method is applicable as well to third-degree burn.s. Conti'ary to popular opin- 
ion, if no infection remains in thc.se carbonized arca.s, the islands of epithelium 
that are spared (usually ai'ound hair follicles) are enougdi to grow and spread. 
Some mild contracture of .sear and an occasional infection occurs Avith this 
method. "If a ucav substance is found, it Avill liaA'o all the propertic.s of the 
triple-dye method and yet be an improA’cment.” In other word.s, this new. suh- 
stanee AA-ould liaA’c to les.scn .still further the possibilities of infection and scarring. 

This ‘‘noAv sub.stance” Avas introduced by Jh'ckrcll-" in August, 1941, and 
is one of the amazing group of sulfon drug.s, .sulfadiazine ( 2 -sulfanilamido- 
pyrimidine). In this author’s introductory series of ea.se.s it Avas found to he 
much supei-ior to methods prcA-iouslj’’ used for treating buims. 

It is a nontoxic, extremely bactericidal, analgesic sulxstance that forms a 
tough, thin, pliable, and tran.sparent eschar. No contractures resulted in any 
of Pickrcll’s eases, ca'cii Avhen used around the eyes. It makes the patient so 
comfortable that 100 of the llo ea.se.s treated Avere able to IcaA'c the hospital 
on the day of admission and be ob.seiwed as out-patients. Like the triple dje 
method, no traumatizing .scrubbing of the burned area is necessary'. As the 
c.schar is translucent, the granulizalion and healing can be obscrA'cd directly; 
and it is so elastic that motion can be started imnicdiately' Avithout cracking 
or disturbing the eschar in any' AA’ay. None of the 115 cases doA’cloped any 


infection AA-hile the cschai- remained in place. 

The solution used is one of .3 per cent sulfadiazine in 8 per cent triethanola- 
mine. It has a pH of 8.7 ; it is clear and has a faint A'elloAV color oAving to the 
oxidation of the sulfadiazine. Thi.s. although it docs not materially' affect the 
efficacy of the drug, may bo prcA-ented by' storing it in dark glass bottles. It is 
odorless, has a bitter taste, and does not .stain .skin or clothing. It penetrates 
tissues and can be detected in the blood Avithin several hours after being 


spray'ed on a burned surface. After the eschar forms, the blood leA'cl ap- 
pj'oaches a minimum and remains level. Normal tissue is unaffected by the 
drug. The triethanolamine is nontoxic, as demonstrated in laboratory' animals. 
If the blood Ica'cI of sulfadiazine is kept below 15 mg. per cent (20 mg. per cent 
is the maximum for safety'), it can cause no kidney' damage. Temporary 
psychotic episodes and blood dy’serasias are rare Avith sulfadiazine, althougi 
blood counts, urinaly’ses, and sulfadiazine blood IcA’el.s, taken at frequent m- 


tei'A'als, are necessary' to diseoA'er such rare eventualities. Other toxic mani- 
festations as drug fever, drug rash, cy'anosis, and .iaundice seen in the sulfon 
drugs are extremely infrequent but should be Avatched for. HoAvever, in Pick- 
rell’s series only' one ease shoAved drug toxicity (kidney' damage), even thougi 
sulfadiazine Avas administered orally to some patients as Avell as being used to 


treat the burn. 

The treatment of burns is diA'ided into Iavo parts: (a) Treatment of shock 
(primary, secondary, or tertiary'), (b) Treatment of the burn itself. 

Treatment of shod: should be undertaken at once. The most critical perio 
for a burn case is eight to tAvelve hours after the injury' has occurred. If fi'® 
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patient has had a relatively severe burn and is not in shoch', treat him as if ho 
were. The treatment of the burn should not be begun until the shock therapy 
is well under way and the patient has a normal temperature, relatively normal 
blood pressure, a good pulse and re.spiratory rate, and his skin is warm and 
di'y. Continue shock therapy while treating the burn. W'rap the patient in 
sterile sheets to protect the burn and treat t/ic shod:. 

Primary shod: is that stage that comes on immediately after the injury 
and is similar in every respect to surgical and traumatic .shock. The contribu- 
tory causes are; (a) The general withdrawal of blood plasma into the ti.s.sue.s 
and loss of plasma from the burned surfaces, (b) Severe pain from the ex- 
posed nerve endings. 

Plenty of morphine should be given. Grain % to 14 can be administered 
with impunity and repeated cvciy four hours, or as often as neeessaiy to keep 
the patient comfortable. Pain itself is an excellent antidote for an overdose 
of this narcotic. So keep the patient free from pain. 

Apply external heat in the form of heated blankets or a heat cradle. Hot- 
water bottles, electric pads, or anything available should be used to keep the 
patient warm. 

Elman,® Black, and others have definitely shown that the volume of blood 
during this stage is depleted by lo.ss of plasma through the capillaries and 
larger vessels, and from the burned surfaces. 

The administration of plasma at this time is to be strongly ad\'ised. If 
possible, plasma should be given to all severe bum cases. If this is not avail- 
able, whole blood may be used, although this adds erythrocytes to an already 
too vi.seous blood. Parenteral fluids are contraindicated, for they further dilute 
the blood proteins and only temporarily stay in the peripheral circulation. 

Ehoads'^ and his eo-workers. Ivory,’® and others, have .shown that the use 
of adrenal cortical extract (eschatin, cortin) decreases capillaiy^ permeability’ 
and helps maintain the plasma level in the blood, thus reducing the incidence 
of secondary shock in severe burns. 

Stimulants, such as ephedrinc sulfate (grain %), adrenaline (minims v-x), 
or other pressor substances; caffeine sodium benzoate (grains 7.5), .stiychnine 
sulfate (grain Yzo), coramine (1 c.c.), metrazol (1 c.c.), may^ be administered 
parenterally if indicated. However, the above treatment should make their 
nse unnecessary, except as a heroic measure. 

The patient’s head should be kept low (Trendelenburg position) to in- 
crease and maintain cerebral circulation. Due to the anoxia as a re.sult of 
diminished blood volume and poor peripheral circulation, as evidenced by the 
ngh blood viscosity and low arterial blood pressure, it is recommended that 
oxygen be administered throughout the entire .shock therapy by means of a 
Boothby ma.sk. Poor oxygenation of the tissues is the prime factor in causing 
parenehj’matous damage. 

Secondary shod; occurs from ten to twenty hours after the in.jury, but 
It may be delayed as much as two or three days, and is the so-called histamine 
^'ock of Cannon (absoi-ption of tissue breakdown sub.stances). Tlie author 
’Olieve.s It is merely a more extreme form of primary .shock and should not 
If the patient is properly treated. It is due to increased hemoconcentra- 
amt can be treated with plasma transfusion and prevented by the use of 
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adrenal cortical hormone. Dnrinf? this siatre the viseosily of the Itlood. whicli 
normally is 2.4 (lahinp: water ns 3.0), inerea.sos to 4.0 and 5.0. 

Third iype of shod; is relatively nneomiiion and. if present, inahcs tk 
pro<inosis very fTrave indeed. It is a proloipjration of the second phase, with a 
blood viscosity so preat (fi.O to 7.0) that the jmtieiit’s own cells act as thrombi 
and emboli to eanse cerebral, liver, and kidney damape (anoxia). This stasrc 
of .shock is hard to treat, for ilnids injected into the venons side of the circu- 
lation cannot be pumped nut to thin the capillary blood. I’revention is the 
best treatment for this .stape. Administration of ])lnsma via the .sternal marrow 
is the treatiiient of choice in this stape of slmck (Toehantin). 

Burns are classified as first depree (stupe or erytlnmia). second depree 
(erythema plus bullae formation), and third depree (stape of carbonization; 
erythema with bullae are also present). 

Tn discussinp the treatment of the burn itself, the peneral details will be 
taken up before poinp into the specific nietliods for (he triple dye and the .sulfa- 
diazine-1 riethanolamine t echniipies. 

Tn peneral. the followinp jirocedures are followed in the order in wiiieh 
they appear: 

(a) Wrap the patient in sterile slieels anil proceed to Ibe operatinp room. 

(b) Trent tlio shock; do not jiroceed until yon feel reasonably assured that the patient 
is out of shock, and is Indnp treated for shock durinp the burn treatment (see above). 

(c) Don mask and cap. .Ml observers, a.ssisiants, and nurses do the same, Bemcraher 
outside contamination (csiicoially droplet contamination from the noses and throats of spec- 
tator.s, etc.) causes infection of burns. 

(d) Scrub in the usual manner; doii poivn and plnves (all assistants do the same). 

(c) The burned areas arc pently and earcfully di'bridcd of all dead tissues and bullaC' 

The area is not cleansed or scrubbed in any way unless to remove, pently, previousb fp 
plied prease or oil. Antiseptics are not applied to traumati'/.e further the tissues. 

(f) The dye or sulfadiazine solution is sprayed on the dfd>rided area with an atomizeb 
a.s outlined below. 

(р) If delayed blisters appear twenty-four to seveuty-two hours or more later, the 
above procedure is repeated. 

The triple-dye method i.s as follows: 

(a) Follow the forepoinp outtinc in preparinp tlic patient. Treat shock! 

(b> The dye solution (( per cent nqucou.s solution of crystal violet and brilliant preen 
and 0.1 per cent solution of neutral aeriflnvino) is sprayed on tbe burned areas cvcrj hour 
for oipht hour.s. An eschar forms at the end of the fir.'-t or second sprayinp, hut is no 
complete until the end of eipht hours. 

(с) Keep a heat cradle (not over !10°1 over the patient. 

(d) Observe the eschar daily for soft, moist .spots. 

(e) Excise soft, moist (infected) areas, pently sop up secretions with a sterile spongCj 
then respray as above. 

(f) Continue daily observations until epithcliz.ation is comploto or the prnnulntion tis 
sue is built up enough to take a graft. 

(p) In case of massive infections (seen where burns occur around body orifices and arc 
continuously being contaminated), the eschar m.ay ho removed and the raw surface trea cc 
with saline spreads until clean and then resprnyed. 

(h) Ko dro.ssings of any kind arc applied. 

(i) The eschar conics oil in about one to throe weeks with the surface beneath more or 
less normal skin. Barely and only where the burn is third degree is a skin graft needed. 
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The sulfadiazine-triethanolamine method is as follows : 

(a) Follow the same general outline for preparing the patient (sec above). Treat shod:! 

(b) Spray the burned area with the solution every hour for the first twenty-four hours, 
heat cradle at 90° should be used. 

(c) Spray every two hours the second day. 

(d) Spray every three hours the third day. 

(e) Spray every four hours the fourth day. By this time a thin translucent eschar 
has formed that is soft and pliable. 

(f) Encourage active motion; if the burn is not too extensive, allow the patient up 
and about. If the burn is less than 20 per cent of the body surface, discharge from the 
hospital. Motion prevents contractures. 

(g) In about ten days the eschar begins to loosen from the epithelium beneath. Ap- 
plications of the mixture or saline compresses speed the separation. In third-degree bums, 
allow the eschar to remain in place for three weeks. This tv-pe may need grafting. This is 
done after saline spreads have been applied for several days. Observing the bum through 
the translucent eschar makes the rare infection easy to detect. If present, soak off the 
eschar and respray. 

(h) Ambulatoiy patients, i.e., those treated and sent home witliin twenty-four to forty- 
eight hours, are sprayed frequently during their stay in the hospital, and the bums are 
covered with sterile vaseline gauze or an ointment made up of 5 per cent sulfadiazine and 
8 per cent triethanolamine. In these cases no eschar forms, so they are seen every twenty- 
four to forty-eight hours and the burns are resprayed and redressed with the vaseline gauze 
or the ointment. This is repeated until the bum has healed. 


During wartime the treatment of burms presents several added problems. 
First, they are msually complicated with other injuries, such as fractures and 
.soft tissue wounds. Secondly, the problem of sepsis is a greater one, because 
of the great amount of contamination and the inability to give the wounds 
and burns the immediate care needed to prevent infection. Koch believes 
that a wound or burn is contaminated and. therefore, potentially septic two 
hours after injury, provided no treatment is given the patient in that time. 
In the author’s experience, six to eight hours are the upper limits. However, 
since the advent of the sulfon drugs and the “plaster-cast -let-alone” treatment, 
the latter being revived during the .Spanish Civil tVar, it is possible to treat 
even these potentially infected wounds as “clean.” Since the introduction of 
the .sulfadiazine-triethanolamine treatment, this problem should be further 
•simplified. 


The spore-forming organisms are all too frequent contaminants of wounds 
nr wartime ; the administration of prophylactic doses of combined tetanus gas 
i’acillus antitoxin is obligatory. Then again, as the eschar seals the burn from 
tlie outside air, a treated burn is an excellent place for the growth of these 
anaerobic organisms. In civilian practice some surgeons routinely give at least 
the tetanus antitoxin (3,000 units) to all their burn cases. 

In reviewing the literature extant on the treatment of burns since the start 
ot the present war, it is readily seen that no standardization of treatment has 
!)een devised. It is the author’s impre.s.siou that the greate.st difficulty with this 
problem lies in the failure to set up a definite standard simple plan for first-aid 
•""Id hospital treatment based on one or the other of the specific methods de- 
smibed m this paper. There are too many diversified forms of treatment 

VC' T" complicated bv 

'<mnd. etc. There can be only one method for routine, standard treatment ' 
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All tlio Bi’ili.sli .'iiillioi-ifies liavo n^rood upon tlie noeos.sily of trcatin>r tlie 
shock. They have reduced the mortality f i-omcndously hy using heat cradles, 
plenty of morphine, routine, ndmini.slrafion of adrenal cortical extract (2 c.c. 
per do.se) in liberal amounts, and. best of all, tlie use of plasma. Primary 
shock from burns is not seen nfiou in u-artimo Jlritain. but 80 per cent of deaths 
from this injury are due to secondary .sllock. 

If the patient has a hemoglobin of over .100. it is obligatory to give him 
plasma and keep giving it until the hemoglobin readings reach more normal 
flgnre.s. P.seiidopolyeythemia is a good index to the inereased vi.sco.sity of the 
blood — and taking a hemoglobin and/or red blood count are ea.sy. epiiek irays 
of determining the concentration of blood. 

In .severely vounded ea.ses Briti.sJi surgeons find it advisable to aclinini.ster 
oxygen routinely by means of the K. L. B. mask (Boothby type). The Royal 
Navy, wliieh has had this type of mask available for use, has found it invalu- 
able in saving live.s. especially in ea.ses that arc complicated by “bla.st lung.” 

ITot coffee (fi ounces) by reef Tim oi- by mouth has been a successful adjunct 
in treating the .shock ea.se.s. If is an exeellenf .sfiniidanf and liclps keep the 
patient Avarm. The latter factor is slre.s.sed, and a large percentage of injnml 
men that were successfully kept warm at Dunkirk, lived, in spite of the lack 
of much cksc in the way of treatment. Any means available was used. Inunev- 
sion in the sen seemed to ho]p pro.scrvc body lieat. for none of the burn eases 
rescued from the Channel were in shock. 

As for the flnsf-aid treatment lliore arc a.s many methods .as there arc 
medical officor.s in the British Army and Navy. Tantiic acid .jelly seems to be 
the most generally used, since all tanks, gim turrets, etc., are equipped with 
tubes of this material. TTowevor, gcjilian ^•iolot. picric acid, acriflnvinc, par- 
affin, gcntiaJi violet and merthiolale. amertan .jelly, tannnfax, and tannax all 
have their advocates. 

The tannic acid jelly is the favorite for first-aid applications.: and when 
a burn ease is first seen, the routine consists of plenty of morphine, keeping 
the patient Avai'iu, liberally spreading tannic acid jelly upon the undisturbed 
burn (no first-aid station debridement), and applying two or three layers of 
gauze over it and holding them in place bj' a bandage. This is left i» sd" 
until the patient readies tlie lio.spifal. Of course, liis other wounds are treated, 
splints are applied, etc., at same time the burn receives attention, placing the 
jelly into wound surfaces if neec-ssaiy. 

The patients mentioned above who were iinmorscd in sea water for long 
periods had a very lo^\' incidence of infection. Wakelcy"^ favors the nsc of 
gentian violet in first-aid treatment over the tannic acid jelly because of its 
greater germicidal action, and for this reason even places this material into 
compound fractures. 

After the patient gets to the hospital, he is assigned to a special ward for 
bvirn cases and taken to a special operating room. Due to the high incidence 
of crossed infections, burns are treated and bedded in “clean” operating rooms 
and wards. 

If much dirt, grease, fuel oil, and dead tissue are present- after the shock 
has been treated, the burn is cleansed and debi'ided under aseptic conditions, 
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the patient being anesthetized with either intravenous pentothal sodium or 
evipal (evipan). No untoward effects were encountered from these anesthetics. 
Little gas oxygen anesthesia is used and chloroform and ether are ne% cr employ ed. 

The dehrideineut consists of first shaving the hair and remomng the finger- 
nails and toenails, if necessary, around the injured parts which are then gently 
cleansed with ether soap. Cotton pledgets and soft friction are used. The 
wound is then rinsed ; or if deep, irrigated with saline solution. The buraed 
area is then dried with a hair drier. 

The triple-dye method is used ratlier extensively in most British militaiw 
hospitals. The incidence of infection and toxemia has been dramatically re- 
duced by this method. The tannic acid-silver nitrate method is still used. 
However, where deformity is feared (i.e., in burns of the neck, face, flexor 
surfaces, or the hands) , this treatment is avoided. The eschar of the triple-dye 
method, when used on the localities mentioned, is removed as soon as granu- 
lation tissue is favorable for skin grafting. This prevents deformity. "Wakeley^^ 
uses a combined aniline dye (gentian violet) tannic acid treatment. He applies 
the dye first for its gennicidal effect and then tans the area by the ti-sual method. 

Splints and easts are used by many surgeons to put the part to rest, but are 
not applied until all mvelling has subsided. Heat cradles are kept over the 
patient at all times. Limbs are elevated to promote venous drainage and keep 
down swelling. 

Saline immersion baths are used by some men for treating bums, especially 
third-degree burns and burns of the hands and flexor surfaces. Saline packs 
are used upon the face. This method also helps separate the eschar. 

Mathews^® uses the “tulle gras” method of treatment. This dressing is 
made up of elose-mesh gauze and is cut into suitable squares, impregnated rvith 
soft paraffin (98 parts), balsam of Peru (1 part), and olive oil (1 part). These 
squares are packed in a covered metal container, each separated by white 
paper to facilitate removal, then the above paraffin mixture (2.50 Gm. for a 
container 5 inches square and 2 inches deep) is poured into the tray and is 
•Sterilized for an hour at 150° and the container is sealed. A local anesthetic 
(1 per cent decicain or 0.1 per cent percaine) may be added. This is applied 
to all raAv surfaces and left m situ as long as the paraffin base lasts, and should 
he removed by saline immersions of the part. Some authors have used this 
method on hand and face burns. Gauze dre.ssings saturated in saline are 
placed over the “tulle gras.” 


Cod-liver oil and cod-liver oil ointments are rather extensively used in 
Biitain, e.speeially for hums of the face and hands. German army doctors 
lave been u.sing this method; they use tannic acid for other bum.s. 

Bunyan uses the “bag method” in treating his hospitalized bum cases. 
T his consists of primary irrigation and cleansing with 10 per cent electrolyse 
ijpochlorite solution at 100° with the patient under an ane.sthetie. Coated 
mlk watertight envelopes are then placed on the limb over the burned area. 
No other covering is used. The envelope is so rigged and is sealed at each end 
that hypochlorite solution can be run through it, irrigating the wound. This 
>s done two or three times daily. 

Hudson’'' modified this method of Bunyan ’s by using impregnated .silk as 
mi occlusive dressing (where the bag cannot be used). If a large area of the 
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body is Ijtirned, lie uses a large envelope tliat includes the entire body, then 
applies irrigations of hypoehlorile. lie also advocates the use of sulfathiazole 
cream in infected burns. 

Exten.sive and third-degree burns are also treated by a large miinber of 
men by tlie saline-immersion metliod, 0.9 jicr cent saline at body teinpeiature, 
U'hieh is thermostatieall.v controlled. Some ajijily “tulle gras’’ after the 
immersions until grafting can be done. 

{Jas warfare lias not been used to any great e.vtent during the present war. 
and it is beyond the scope of the paper to discu.ss in detail the treatment of 
such burns. Ifowever, after specific decontamination, they are treated by the 
u.sual metbod.s. 

Chemotherapy is e.xtensively used as an ad.iunct in treating burns. Sul- 
fanilamide seems to be the dinig of <;hoiee. Sulfaiiyridine is used only if pneu- 
monia complicates the ])ieture (this is not infrof|uent in .severe Inirns). beeau.se 
of its “to.xie reactions." such as nausea, vomiting, etc. .Sulfathiazole is pre- 
.seribed as well as the sulfanilamide, but not as e.xten.sively. .Sulfadiazine was not 
mentioned by any of the author.s. I’owdered sulfon drugs are not u.sed on 
burns, although they are jnit into wounds. As previou.sly stated, llud.snii’" 
uses a sulfathiazole cream and Itobsoir' usi’s a glycerin sulfonamide paste 
(“euglamidc’’) in infected burn.s. 

Plaster easts are u.sed in deep burns or where the burn.s are eoniplicated 
by other in.iurics. Casts are not applied until edema sub.side.s. Then the limb 
is wrapped in sterile sheet-wadding and the part is encased in plaster in the 
position of function. They are not removed until healing has taken place, even 
though the.v become foul-smelling. This is the le.'.son learned from the recent 
Spanish Civil AVar. Apparently a bacteriophage is formed that inhibits bac- 
terial growth in the patient’s infected li.ssues. finally eliminating the infection. 
Little or nothing is mentioned, in any' of the pajiers reviewed, about the routine 
administration of tetanus or gas bacillus antitoxins, nor is the incidence of 
these complications discu.s.scd. 

In conclusion, the author can only urge that a definite, simple .standard 
routine treatment for burns be adopted by the United .States armed loree.s. In 
his e.stimation the sulfadiazine-triethanolamine .solution is the treatment of 
choice. As was indicated, it can be used .as an ointment in first aid and as a 
solution in the ho.spital treatment ; it is stable, nontoxic, non.staining, am 
highly' bactericidal. The drugs can be placed into soft ti.ssues and compound 
fractures or other wounds so that complicated burns need not have separate 
forms of treatment. It can be safely used on the face, neck, hands, and e.x- 
tensor surfaces with little fcai' of contractile scar deformity', even in third- 
degree burns. In short, it has all the advantages and none of the disadvan- 
tages of all the other types of treatment. 

The standard routine treatment .suggested is as follows: 

FIRST-AID TREATMENT 

(a) Keep patient icartn by any n)e,ans possible; blankets, coats, hot coffee, hot water 
bottles, etc. Place the patient out of the weather. 

(b) Eelieve pain by giving adequate doses of moridiine, grain to every half hour 
if necessary. 
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(c) Prevent loss of vlasmn und pRisma proteins l)y administering adequate amounts of 
adrenal cortical liormone (2 c.c. dose) parenterally. Plasma infusions should he started. 

(d) Apply .SHl/ndiojinc (n per cent)—triethanolomitic (8 per cent )— stearin ointment 
(“lubricating jelly” should he used as a base to make a watcr-soluhle ointment) to the other- 
wise undisturbed burned areas. No debridement is done. Apply a sterile dressing to protect 
the burned area. 

— In the alternate method the triple-dye ointment made up of an aqueous solution 
of 2 per cent crystal violet and brilliant green and a 0.2 per cent acriflavine in a “lubricat- 
ing jelly” base should be used for the finst-aid treatment instead of the .sulfadiazine-trieth- 
anolamine ointment. 

(c) Ticmove the patient to a hospital as soon as pos.siblc. 


HOSPITAE TRE.\TMRNT 


(a) Wrap the patient in a sterile sheet. 

(b) Begin antishock therapy. 

1. Place the patient in Trendelenburg position. 

2. Apply heat cradle (00°). 

S. Plasma should be given; adrenal cortical extract should be routine. 

4, Give more morphine if indicated. 

5. Oxygen should be routinely administered by means of a Boothby mask. 

(c) Give the tetanus-gas bacillus antitoxin. (Is the patient sensitive to hor.se serum 

(d) Operator and assistants prepare themselves for a sterile operation. 

(e) The patient is draped. 

(f) If burn and other injuries are extensive and dirty, requiring cleansing as well as 
debridement or other surgical procedures, intravenous sodium pentothal should be adminis- 
tered. 

(g) Debridement and careful, gentle cleansing is performed. Wash and irrigate with 
sterile saline. Dry with hair dryer. 

(h) A solution of 3 per cent sulfadiazine and 8 per cent triethanolamine is sprayed on 
the burns. 


(i) The patient is placed in bed. Shock therapy is continued (plasma and cortate are 
administered) until blood shows normal visco.sity. (Check hemoglobin and red blood cells.) 
-V heat cradle is kept over the patient. TJe careful; shock may be delayed up to ten and 
twenty hours after the initial burn. 

(j) The bum is sprayed hourly the first d.ay: every two hours the second day; every 
three liours the third day; and evciy four hours the fourtli day. By this time the c.=ehar is 
complete. 


Notf,: If the sulfadiazine-triethanolamine solution is not available then the triple-dye 
aqueous solution (1 per cent crystal violet and brilliant green and 0.1 per cent acriflavine) 
should he used to spray the bum. The spraying is done every hour for eight hours. 

(k) Clieck blood and urine daily for sulfadiazine levels and erv-stal.s, respectivelv. Do 
not allow the former to go above 1.5 mg. per cent. 

(l) Observe the eschar daily. It is tran.«lucent and the tissues beneath arc in clear %-iew. 
If the burned surface beneath appears infected, remove the eschar with saline soaks, applv 
sterile saline spreads for a few days and then lespray. 

(m) When the eschar begins to loosen (about tenth day), warm saline immersions can 
ic u^cd to help loosen it. Do not remove a third-degree bum eschar under two weeks. It is 
'wst to leave it in situ for three weeks. 




tiiv: 


(n) Encourage motion. Get the patient up and about as soon as pos; 
o admission, if feasible. The soft c.schar does not interfere with motion. 

(o) If large denuded areas of granulation tissue remain after the eschar f-,]Is off 
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The triple-dye method can be substituted for the sulfadiazine-triethanola- 
mine ointment and solution. It is almost as enic.ient. but is mc.s.sy and has 
more tendeney to cause disfipurinfr .sears, althoutrh these are not as sevei'c as in 
the tannic acid treatment. The dye method has an advantajre in that it is more 
economical. Sulfadiazine is still a rather e.\])ensive drufr; however, the added 
co.st is justified by the lowered ineiilence of morbidity, mortality, and deformi- 
ties. The tannic acid treatment for burns should be discarded, for ivitli the 
newer treatments this method has outlasted its usefulness. 
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IkHLITAEY DISCIPLINE 


A PKOBl.rat IN' EeADJTJSTMEN'T 


Lieut. Col. Patrick S. j^Lidig.vn, j\LC., U. S. Arait, .vxd 
Lieut. Col, IMalcolm J. Farrell, ^I.C., U. S. Araiy 


S INCE the hirtli of oiu- nation it has been neeessaiy to expand rapidly our 
military forces to meet the major militaiy conflicts in Avhich our country 
finds itself involved. Once again we are faced with the problem of raising a 
large military force, consistent irith militaiy efficiency and the urgency of the 
situation, in as short a time as possible. 

In this swift expansion many persons must make a rapid readjustment: their 
being uprooted from civil life and placed in a military environment may, in 
many cases, result in neuropsychiatrie difficulties. This change may alter not 
only a person’s hopes for the future but also his manner of living substantially. 
Two changes are especially difficult for him: first, the loss of his individuality; 
and, second, the loss of personal liberty. He soon comes to feel that he is a cog 
in a vast machine, required to give up certain rights and privileges wliieh he 
has enjoyed and to -which he feels entitled. He is subjected to military dis- 
cipline, and is placed among strangers. It is easily understandable that a great 
strain is put on his power of adjustment. He finds that more demands are made 
of him, more responsibility is placed on him. He is compelled to undergo cer- 
tain hardships, such as participating in maneuvers, and when a state of war 
exists, he is faced with the possibility of death or injnr\'. 

All these new adaptations are, from their verx' nature, difficult for the nor- 
mal man, to say nothing of the unstable one. It is obnons, then, that many 
men -will fail completely when these new adjustments are thro-wn upon them, and 
a frank psychosis ‘H'ill result. Many conflicts present themselves in the nature 
of hehamor problems and a breech of discipline, which sooner or later brings 
the man into conflict with military laxv. It is the pni-pose of this paper to dis- 
cuss the important angle of military discipline, to explain its purpose, and 
thereby to help the person to effect a more healthy readjustment from civil to 
military life. 

The subject of militarx' discipline is little nndei'.stood outside the Army and, 
It must be confessed, is not always viewed in its proper light even -within the 
Army. The difficnity may lie in the fact that most people either do not, or 
will not, grasp the proper meaning of military discipline, its nature, its purpose, 
its necessity, and finally, most important of all, its spirit. 

Living within an atmosphere of strict discipline from the cradle to the 
grave, most persons fail to realize this because only a gradual adjustment is 
nccc-ssa iw. Practically every experience through which we pass and throu?h 

•From the N'curop.-iycliiatr}- Division, Office of the Surgeon General. 
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•which wc acquire knowledirc is in the naUirc <if a disciplinary crtrrcclioii inflicted 
upon us l)y some afreiicy of nature or of civilization. 

Outside of military circles the averafic man rcco'uiizc.s fully the ncco.s.sity 
of discipline in his family rclation.ship.s, his hnsincss, and his relations with liLs 
fellow men. This is made easy for him to undei-stand, since he is familiar with 
the rea.sons and condition.s tiiat surround the rearini: of a family and that nmst 
necessarily jrovern the I'clatious of men in civilized intercoui-sc. .Ail this iiifoniiii- 
tion is "athcred si'iidually iiy flic avcraiie man, and there is no necessity to 
familiarize himself with it or to make a read.ju.stment to it raj)idly. 

On tile other hand, the averaire man is not familiar with conditions in the 
military service or, if he has some infoi-mation, it is. no rlouht, hasisl on false 
information and is colored hy fancy or rumor. lf:norance of a .situation always 
provokes a reaction ol lear, ami wlieii a jierson has knowI(‘d''e of a situation he 
tends to lose at least some of the fear. It follows then that when the man dop.s 
not understand the reasons for the I'ules and rcqidations required hy military 
discipline, he is more than likely to view them with fear and intolerance. Even 
within military circles, aiming nuui who should he familiar with tlu’ reason and 
spirit of military regulations and discipline, many make the serdous mistake ol 
confusing the exercise ot authority with the maintenance of discipline. In hrief. 
they ajipear to think that disci[)line must he maintained wholly for the jmrj'osc 
of upholding their authority: and airain. both outside and insitle military circlc.s, 
many iail to understand the spirit upon which true militai’y discipline is based 
and must be based, hkuling in this, they fail allogethoi-. for the simple reason 
that men can understand the principle of military di.scipline only when they aj)- 
preciate the underlying spirit. 

AA ithout the pro])er .si)iril then* can h(* no such thing as discipline in an,v 
aiinj . 1 roper di.sci])line should, in iu» sen.se, he based \ij)on the fear of di.s* 

ciplinaiy collection, since in tbi.s iii.stance we liai’e mei'elv tlie blind obedience 
of the sclioolioom type of discipline. Tin* ili.scijilinc on which a siiccc.ssful ana.v 
must he built- i.s a diftcieut kind; a kind that i*ndnrc.s even when cveri’ .scmhlancc 
of authority has lauislied, when the leader of the team ha.s fallen, when aieia- 
bers of the team are dio]i])ing out one by one. and wbon the onlv driving ])owcr 
that remains is a .strong and uncompierable spirit of attainment. This con- 
cept gives ns at once n uorking definition ol militarv discipline : the spirit oi 
the team. 

Oftentimes the qncslion is a.sked, "Of udiat neee.ssity is military dis- 
cipline? TJie an.swei is leadily toinid in the neeessifv for teamwork in aii.v 
undei-staking, irrespective of whether it be in Imsiness. on the ha.scliall or foot- 
ball field, or in the training of a vast army. 

One element of good discipline is the fear of losing the respect of ones fel- 
low members of the team, Avhether he be oftk-er or soldier. This desire for esteem 
is one of the essentials of good military discipline. It i.s to he .seen in all trained 
and disciplined units, the membeis of wliieh leel for each otiicr a natural re- 
spect and admiration. The knowledge that he enjoys the respect and admiration 
of his fellow soldiers is a source of the greatest pride to each member of tlio 
unit. The desire to letain this ie.spect, to be looked upon as a worthy meinhcr 
of the unit, will greatly lessen the fear of injury*. 
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In our pi'csont emor^oncy wc nvc siltenipting to inculcute in the minds of 
our soldici’s the necessity of protecting onr country, of taking the offense, and of 
bringing the ■\vav to a successful conclusion as rapidly as possible. Ideals haAC 
been set up, and the soldier must be helped to realize that he is fighting foi a 
cause. He must he aided in finding .satisfaction in serving such a cause and in 
expending his energy for that cause. It is needless to point out that Pearl 
Harbor and the subsequent events have given us the cause. The soldier must be 
physically developed, trained to conserve health, and he must learn to perfomi 
with technical skill his part in every incident as a member of the gi’cat team 
of which he is a member. 

Besides these cpialifications he must have the mental attitude of a soldier. 
To attain this proper attitude is an important step ; there is an ideal character- 
ized by the tendency to correct action and supi'eme satisfaction in such action. 

In a short treatise PeAV® places considerable stress upon the process of ac- 
quiring proper military habits and gives four maxims : 

1. Select the hahit. 

2. TDemonstrate the habit. 

3. Secure abunrlant and genuine practice, with every eftort of will and at- 
tention directed toward acquiring the habit. 

4. Allow no exceptions. 

Under this grouping this author classifies military bearing, courtesy, putting 
forth physical and mental efforts at the highest possible level, mental and phys- 
ical self-control, neatness and order, smartness, exactness, and promptness ; sub- 
conscious obedience, mental alertness, and confidence; and last but not least, 
teamwork in all military effoihs. The old maxim “A. chain is as strong as its 
weakest link” applies more than ever to the military forces of this era. Like- 
UTse, the same maxim applies individually to both officer’s and enlisted men. 

It is held by many civilians and civilian agencies that military discipline 
would be desirable for those men who have failed to make a satisfactory acl- 
.lustment to emlian life. It is to he pointed out that the Army is one of the 
elements of national defense, and its present mission is one of preparation for 
oft’eMive and defensive Avarfare. To forge into that gi-eat team links that are 
defeetiA'e or Aveak is to inA’ite disaster. The Army is in no sense a social serAuce 
01' a curative agency. It should not be considered a haA*en of rest for the 
uanderer or shiftless, or a correctiA-e school for the misfits, the nehr-do-Avells, or 
the chronic offender. Furthermore, it is neither a gAunnasium for the training 
and development of the undernourished or underdeveloped, nor i.s it a psychi- 
atric clinic for the proper adjustment of adults who are in need of emotional 
development and guidance. The man entering the Army AA*ill have to assume one 
of the greate.st of obligations: that of protecting his country and its ideals. 
Therefore, there is no place in the Ai-my for the physical or mental Aveakling. 
the potential or present behavior problem. If a man is a behaA-ior problem in the 
community, he Avill certainly become a more intensified one in the Army. 

It is to be further stressed that many men Avith abnormal pensonality traits 
-n^jmpahie of .satisfactory ad.iustment in emlian life. For tliis cla.ss there 

•Rcw. w. A.. Alaj. Gen.. AI. X. G.: 3ra7:xng a Soldier, 1917. 
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arc ill civilian life minici'oiis avenues of escape ivliieli are closed to them when 
they enter the frreat team of the Army. Nccessai-ily, teamwork of any type, more 
especially the Army, rcciuircs that a man readjust himself to a more or less in- 
flexible and limited environment. 'When thi'own ujion theii' own meager re- 
sources of adaptation to Army life, requiring contact with all types of person- 
alities, Avith limited and necessarily circumscribed ojiportunities for self-expres- 
sion, many avIio arc just able to adapt themselves under the most favorable con- 
ditions will not fit into that one iron mold which exjnu-icnce has taught is essen- 
tial to military success. It is well to point out that over nO jier cent of the pres- 
ent beneficiaries of the Veterans’ Administration are men of this t.viie who were 
accepted in the Army during World War I. 

The average selectee coming from tlie average Ameidcan homo has received 
the care, protection, and indulgence of fond iiaronts and friend.s. They have 
made an clTort to protect him from disturbing and disrupting influences that 
might interfere with his normal development. His iiai-ents have been infcre.sted 
to see that ho ivoi-e the proper clothing and had the protection for all types of 
Aveather. Ncav jArobloms Avcrc taken oA-er by his ])i-otectors Avho either .sohx’d 
them for him or helped and advised him in his oAvn solutions. He has been 
guarded, protected, and steered. Avhile his pensonal re.sponsibilitics liaA-c been 
at a minimum. He has not been trained to accept life as if really is. 

Our soldieiAS come from all Avalks of life — from distant i)oinf.s in our coun- 
try, from farm and factory, fi-om colleges and benches; the rieli and the poor, 
the educated and the illiterate — all arc fhroAvn together into a heterogeneous 
mixture subjected to the same military di.sciplijic, the same routine, and the 
same regulations. The soldier is called upon to recognize, appreciate, and pon- 
form to the Avishes of others about him. He must Ha’c in close contact Avith his 
felloAV soldiers and adjust himself to tlicir method of liA'ing. 

The transition from civil to military life Avill be made much easier for him 
if he understands the necessity for military discipline, the spirit of the team, 
and the real meaning of it. Americans are aa’cII adapted by their education and 
reci-eational experiences to realize the importance of teaniAvork, but sometimes it 
is necessary to point out to them that military discipline is a preparation and is 
necessary for the development of good teaniAA-ork. 

It is astonishing hoAv avcII and hoAv i-apidly recruits adapt themselves, even 
under the most difficult situatioas. It is the duty of each officer to keep these 
situations in the foreground and to take CA-ory opi)orfunity to adA’ise and counsel 
the men placed under him for projjcr training in military life. Each officer 
should regard himself as a member of a team in AA’hich each of his soldiei-s is an 
important member. Thus is built up a chain forged of confidence and respect 
one for the other, AAhich Avill proAude a pillar of mutual strength, both mentall.A' 
and physically, AA-hen times of stress arc greatlA' increased. It is, then, through 
military discipline that a strong, efficient team A\'ith high morale can be de- 
veloped that Avill satisfactorily achieve the goal set for it. By undeistanding the 
reason for it, the man is enabled to make the transition from civil to military 
life in a more satisfactory manner. 



WAR NEUROSES^ 


jMajor Norman Q. Brill, iLC., E'. S. Army 


INTRODUCTION 

T he subject of war neuroses met with little interest and came in for little 
discussion until the ^Vorld War. The subject became a vital one and has 
continued to demand attention ever since. It was during the war tliat for the 
first time such large numbers of individuals suffering from nervous disorders 
confronted tlie public, physicians, and government agencies. Psychiatin*, a field 
of medicine which to a great extent was practiced in crowded institutions behind 
locked doors, was forced into the open and into its lap was thrust a problem 
which it has not yet fully solved. And now again it is to be given a ta.sk that 
uill keep it occupied for many yeaiu to come. It is, therefore, important that 
physicians in the armed services and others who have occasion to deal wdth the 
psj'chiatric patient of preparedness and of war be familiar with the present-day 
concept of W'ar neuroses. 


DEFINUTION AND AIECHANISilS : lAIPORT.ANCE OF PREDISPOSITION 

Since war now embraces civilian as well as armed forces, the term will now 
necessarily be applied to both groups. Under war neuroses have been included a 
great many varieties of conditions. The diagnosis of exhaustion neurosis, shell 
shock, concussion neurosis, fright neurosis, and neurocirculatoi-y asthenia have 
been applied to the manifestations which were so prevalent in soldiers during the 
World War. The symptoms were varied and consisted of tremors, inability to 
stand or walk, blindness, paralysis, stammering, and loss of voice, hlany soldiei's 
suffered from nightly frightening dreams and awakened with intense anxiety. 
Others complained of marked weakness with fatigue brought on by the slightest 
exertion, palpitation of the heart, or of dizziness or faintness, headache, or pains 
referable to practically every part of the body.' 

The occurrence of such large numbers of these cases suggested a specific 
relationship between these conditions and war, and led to the naming of these 
conditions war neuroses. Referring to the World War, one authority stated that 
h IS noteworthy that since the war and in the decade or two before it, such gross 
bj sterical phenomena were only rarely met with in civil practice.' 

However, it was observed that many soldiers developed the svTnptoms after 
slight or no injury during combat, behind the lines, in concentration camps 
away from the front, and in training camps at home. Also, the war neuroses 
differed little in their svTnptomatologj' from those of civil practice.' 

The London correspondent of the Journal of the American Medical As- 
-'^oc^n ^vrote the following in Febmarj-, 1940:" “During the last war, the 

•From the Xcurops>chiatric Section, Station Hospital. Fort Erase- Worth P^r^ii 
Reprinted from The Militarj- Surgeon 90: 290 (April). 1942. Carolina. 
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large miniber of iieur.nse.s cngeiidoi'ctl by fear. kIkicIc, physical and mental strain 
or lack of sleep eanglit the medical oflieers of the army imiircpared with any 
organization or agreed method of treatmetd. These nenrosf'.s \v(‘re ])i)iMilar]y 
called ‘shell shock,’ for it was supposed that they were due to the idiysieal effects 
of high explosives. But it was found that similar .symjjtom.s occurred anion" 
men who had never been exposed to extiiosives and were well known in civil 
life. I\roreovcr, many men who were blown up or bui'ied beneath debris to the 
same extent returned to duty without suffering any jKTniancnt ill cflTcct.s. The 
minister of pensions convened a conference under the chairman.ship of faird 
Horder to advise the government as to the general ])rinci}dcs for dealing with 
these eases. Its reimrl has .insi been pre.sented and Issued to the medical .serv- 
ices.” The report points out that most of the neuroses look the form of either 
an anxiety state or hy.steria. Tlie anxiety in all the eases was far out of propor- 
tion to the cause. 

“In 1920 the army eonneil afipoinled a committee to collate the medical 
experience of the war for future use. The committee reported: 1. The term 
‘shell .shock’ has been a gross and costly misnomer and should be eliminated. 
It is a catchword which reacts unfavorably on the jiatimit and otlun-s. 2. The 
war produced no now nor\-ons di.sordors. Duly .5 to H)% of the case.s that were 
called .shell shock suffered from genuine coticussion — while consisted of 

‘emotional shock' — either acute in men with neuropathic disposition — or develop- 
ing slowly as a re.sult of prolonged strain and terrifying exj)erience, the final 
breakdown being .sometimes due to .some trivial cause. In rlifferentiating cases 
of eoncu.ssion from those with emotional .shock, it is well to j-emember that 
though patients rvith emotional shock may .say that they became unconscious, 
careful quc.stioning nnll .show that they can recall most of their experionce.s.” 

Many case.s now in training in Army cami)s are entering ho.spitals with 
nervous disorders. During wartime these cases might be called shell shock, if 
they started during a bombardment and were .seen by ])liy.sicians who M’ere not 
familiar with the true nature of the condition. 

In a va.st majority of ca.ses of neuroses that are being admitted to the hos- 
pital at Fort Bragg, a history of long-standing nervousne.ss can be obtained. 
Jlany of these individuals frankly admit that they are no worse for being in 
the Army — that they “have always been that way.” No statistics arc available 
at present, but it is rare to find an individual whose nervous trouble began after 
onli.stment or induction into the Army. 

If the reaction, then, is not .specific foi- war, it becomes nccc.s.sary to explain 
the appearance of such large numbers of ea.se.s. It is important to consider first 
the question of prcdi.sposition to neurotic di.sorder.s. Individuals vary markedly 
in their abilities to tolerate difficult situations, as they do in ad.iusting to new 
situations. Some always worry while others arc not fazed by the gi’eatesr 
tragedy. The “ad.iustment threshold” varies markedly in different individuals. 
It is undenstandable that a lnT)er.sen.sitive, excessively irritable, impulsive, self- 
centered, infantile and moody person can “take less” than a well-ad.iusted ma- 
ture individual and will decompensate sooner when ex])oscd to the same stresses 
and strains. 
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“In our hastily formed Army, especially wider the draft system, there is a 
tircat demand on each soldier for rapid and violent ad.iustment, ^len witliout 
any prcidous military experience, drawn from every conceivable nalk of life, 
arc throini together and subjected to the same discipline, regulations and rou- 
tine. It is astounding how well and how rapidly many Avill adapt themselves. 
However, many others will do poorly and hysterical reactions, psychoses and full 
guard houses are more than dead weight about the neck of. an armed force.”* 

In Circular Lelicr No. JD of the Surgeon General’s Office it .states; “Not 
all persons are adaptable to rc.stric1 ions and inhibitions of personal desires and 
comforts, to deprivation of rest, food, or shelter, or to the extraordinaiy de- 
mands for prolonged physical and mental activity often imposed by active mili- 
tary service. It must be remembered that many poisons with abnonnal person- 
ality traits who arc capable of satisfactory adult adjustment in civilian life, in 
which numerous avenues of escape arc available, will be a total loss to adju.st 


themselves to a pattern which is more or lc.ss inflexible and, of necc.ssity, delimited 
and circumscribed as to self-expression. Wlicn thrown on their oim meager 
rasourecs of adaptation in a militaiy environment, in contact ivith all kinds of 
per-sonalilies, some who arc just able to adapt themselves to life under the most 
favorable conditions, will not fit into the one iron mold which experience has 
taught is essential to militaiy success.”" 

The symptoms which the patients develop under sti-c.ss of training or com- 
bat arc unconscious. They serve a purpo.se and arc defen.se reactions to danger. 
The vast majority were not malingerers. Just because these soldiers had a sense 
of duty, esprit de corps, and of patriotism and could not honorably or safely 
run away from combat, they developed the unconscious conflicts and conse- 
quent .sjauptom foimation. The sjTnptoms arc for the most part hj'sterieal. 
They are the result of a conflict bctivccn the instinct of self-preservation and the 
ideas of duty and self-respect. They satisfy the patient’s ethical requirements 
and provide an escape from duty on the gi-ound of physical incapacity.' 

Man like other animals possesses instincts among which arc the reactions to 
danger. He may stand and use his instinctual mechanism of defense to pre- 
serve himself — or flee from danger, not only to seek cover but to create a.s wide 


an interval as po.ssible between him.self and the instruments that seek to de.stroy 
him. The act of warfare meets these biological requirements of defense up to 
a point where there are trenches and Maginot Lines and organized retreat in 
the face of overwhelming odds. But the soldier cannot flee before the enemy 
.fu.st because he himself is in danger. lie is no longer an indiiddual, but an 
integral part of a battalion or company. The nece.ssify for courage, loyalty, and 
self-denial were impres.sed upon him. Automatic obedience and strict discipline 
are instilled so that he w'ill react to ordci-s and not to impulse or instinct.-* 

However, “the individual soldier comes into a war with his oini pensonal 
peculiarities. He comes with his own system of controls which have already 
m civilian life canalized his instincts along social channels. I'Mrther back in his 
childhood, his infantile aggressiveness and other in.stincts were subjected to a 
variety of controlling infincncos which modified them in such a way that his in 
slincls and biological needs are only satisfied along ])rc.scribed .sociailv acceptable 
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lines. . . . But however much tJii.s confi-olling part of llie .self i.s acccpled, a per- 
petual slate of strain is present deep in the nature of the mind, so that given 
sufficient provocation these submerged and now only partly statisfied instincts 
seek oppoi'tunity and find o])porlunity for operating,” 

‘‘Fz’equenth' in examining tiie deeper p.syehology of tlie neurotic patient of 
the M’ar, one found many men wJio sfuelc patiently to fiicir dutie.s, but who would, 
after a time, as tlic result of repeated jzrovoeation, break down under the strain. 
The controlling force, the belter .self, was no longer able to stand up against the 
insistent demands of an instinct which demanded either an e.scapc from danger 
or an aggressive outburst. Powerful eontliets wei-o produced between the in- 
stincts on one hand and the controlling foire on the other. Wliere the natural 
self could find a way out, the soldier was able to .solve his conflict by a variety 
of means, sometimes not laudalzic from the standpoint of morale , . . by reporting 
sick, getting around a noncoTiuiii.ssioned officer for a soft job, or even courting the 
prospect of a slight wound which M’ould allow a man to i-cturji home with mental 
peace and the semblance of honor. But tins act could not easily I)c practiced 
and instead, when the bursting imints were reached, hysterical reactions ap- 
peared. They were nature’s way of obtaining some measure of adaptation, an 
adaptation which i.s in the nature of a eoinjzromi.se between instinct on one hand 
and conscience on the other.” 

“In cases of hysteria which had l;i.sled sometime iind were not cured im- 
mediately by the rough justice of disciplinary action or llie tactful action of 
a wise medical officer, tlie reaction to war danger and sti-css became linked up 
with other conflicts in the mind which existed before tlie period of war .service. 
No soldier came into the war -with his mind a clean slate; it liad already been 
written over with the story of his past experiences and conflicts. Former dangers 
and conditions of insecurity had either been met ov had set up difficult ic.s. Con- 
science had already made the coward and the courageous. The relatively mild 
analogues of war conflicts had already existed in civilian life. (There had been 
stresses and strains and causes for anxiety before.) It, therefore, did not take 
much time for the neurotic reactions to the war to weave themselves into the 
pre-existing neurotic disposition whicii had growai up in peacetime. It was for 
this rea.son that Emanuel Jliller came to tiic conclusion that the cure of the 
hysteria of the war became in a large measure the resolution of mental prob- 
lems of peacetime, ilany patients with wartime noui-osis, jznrticularly those who 
broke donm early, were found on deep analysis to be associated with long- 
standing feelings of insecurity. Such men were found to have .spent their 
lives either in slioltercd places or had old family tics which had thrown the re- 
sponsibility for security not U])on them, but upon their pai'ents. ... To them the 
establishment of new ties was difficult. Strangei-s could not be tolerated, new 
surroundings could not be assimilated. They felt themselves like strangers in 
a strange land and in a strange land full of dangers.” 

“One of the peculiar aspects of human ps.ychology, discovered through the 
work of Freud, is the depth to which a man can really love himself. This love 
of self is not merely an expression of the self-preservation instinct, although this 
enters into it, but a primitive, childish, self-esteem M'hich cannot be wounded. 



BKU.1. ; WAK N'lXROSKS 


493 


Persons in whom this trait is strongly developed succeed in life admirably when 
they receive praise and become the center's of attention. They are not only 
pathetically preoccupied with their own achievements, but are sometimes even 
satisfied with their own selves as audierree. They arc proud of their bodies . . . 
and are literally in love with themselves. In warfare, such character's find it 
difficult to fit in with the group life of a regiment unless it affords thenr oppor- 
tunity for self-expression; and when they are courageous, as they may be. it 
takes the form of seeking for decorations and applairse. Such men. however',, 
are terrified at the prospect of a wound,, arrd the possibility of iirjury rrrles orrt 
all idealism. They arc rrot the individuals who would face death for a cause. 
This tj*pe is prone to hysterical manifestations, to fugues and sometimes to maiior 
mental disorders. They caunot face the horror's of war, not becarrse of sympathy 
for the slain, hut because they identify themselves with every mutilatiorr arrd 
death which the soldier has to witness. . . . Stated simply then, it is the conflict 
between conscience and instinct that can be regarded as the central motive 
around wlrich all the clinical manifestations seem to collect.”* 

A clinical survey of the first group of invalid soldiers to be returned to 
Australia from abroad reveals some interesting facts.^ Of 208 cases studied, 61 
^ere due to diseases of, or injur’j' to, tire nervous system. A great, majority of 
the patients suffering from anxiety states gave a history of previorrs nervorrsness 
or hreakdorvns. Careful inquiry into the past histories of these patients showed 
that they were capable of “carrying on” in civil life in spite of minor breali- 
dowirs; but the strain of military life in active service quickly revealed their 
mental instahilitj*. A large number might have been excluded from the Army 
if a truthful histor'y had been given in the first place. 

Captain John hi, Caldwell, of the U. S. Army, reported the results of an 
intensive studj^ of 100 American soldiers who developed psychoses during peace- 
time.® His conclusions were “the cause of seliizophrenic psychoses in the United 
States Armj^ is not found in any peculiar or particular demands of the sendee. 
Howei'cr, the change from a familiar to an unfamiliar environment ivith added 
stresses and strains, probably plays a part in bringing latent trends to the sur- 
face. Abnormal sexual drives to a large degree are associated with the develop- 
ment of the psychoses and probably act as precipitating factors.” 

A report was published of 200 consecutive admissions to the Christian Street 
Hospital in Canada, in the year period from October, 1939, to September, 1940." 
The cases included constitutional psjmhopathic inadequacy, mental defectives, 
epileptics, psychotics and psychoneurotics, alcoholics and malingerers. 

Environmental and hereditary factors were investigated. In over 50 per 
cent the physical and mental health and economic status of the families were 
classified as poor or bad. Only 68 per cent showed hotli parents alive when the 
patient reached the age of 14. In eleven cases, parents Avere separated, seven 
'vere brought up in an orphanage, two had been adopted, and two Avere ille^iti- 


With regard to education, thirty-two Averc ilhtei'ate and one hundred did 
e.vaminations on leaving public school. Host of these left school for no 
good reason. Sixty per cent had no trade; 51 per cent have had long periods of 
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unemployment, no .settled occupation or reiiuired as-sisfance from tlic. family or 
authorities ; 17 per cent had been in difficulty Avith the police. This included ar- 
rests for A-agrancy, drunlccnne.ss, theft, and assault.. 'J’wenty-two eases Averc 
baelvAvard and eight had attended special school for haelcwai’d children. Hightcon 
gaA’e a definite history of a i)i'cvious p.sychotic e])i.sodc, s(!vcn of Avhom liad actu- 
ally been in a mental in.stitution. Thirty-five had rcfiuircd attention for neurotic 
disorders prior to enlistment. 

It Avas felt that the unsuitability .should Iuia'c been obvious in a ma.joi'ity of 
the.se patients on enlistment or in the ]>rimary training ])criod. Often it hail 
been recognized that tlie man Avmdd not make an efficient .soldier and nothing 
was done about if. Tliey Avere sidetracked on regimental duties, fatigues, etc. 

In only tAventy-six Avere strain, change of sui-roiinding.s, alteration of diet, 
separation from families, etc., considered signifiejuit Avith regard to apjiear- 
ance of .s.A'inptoms. None of tho.se Avas definitely a.ssociated Avitli Avar .strain. 

l.AIAnCXSITY OF TIIF FKOIU.KM 

Even before oiAr nation entered the Avar in 1917. many Avarnings Averc 
sounded by the French and British concerning the grave scriousne.ss of ncuro- 
p.sychiatric disorders in the armed forces of that day.’"-' The seriousness Avns 
emphatically In-ought home h.v a report finally rendered by the chief of the 
diA'ision of neurology and ps.A-ehiatry of the I'nited States Ann.v on Sei)tember 
5, 1918: “Everything .seems to point to our .soldiers de.veloiung neuroses to a 
degree CA-cn greater than has occurred among the British. . . . The conditions of 
American life have been such that a young man suddenly taken fi-om his sur- 
roundings AA’here he more or le.ss alA\-ays had his own Avay, Avhere obedience A\-as 
noA'cr necessary, Avhere he Avas taiight that he Avas the eipial of everyone, sud- 
denly taken from surroundings of that character and forced to obedience, forced 
to face all this AA-ar ... it Avould not be surprising if he .showed his reaction to 
the change by developing a neurosis. . . . hh-ench neurologists have spolcen of the 
excessive nei-A'ousne.ss of Ameilean .soldiers avIio have been under their care.”"'’ 

It developed that “AA'hercas mental illnc.ss had been almost Avholly ignored 
and the medical adA'ances before the A\'ar dealt almost exclusively Avith ])h.A-sical 
diseases, the Avide prevalence of the neuro.ses among soldiers Avas a]iparentl.v 
leading to a rcA’ision of the medical and popular attitude toward mental and 
functional nervous diseases, and .stimulating Avide.spread interest in their observa- 
tion and stud.A'. 

“Many things Avere learned quickly in the Avar of 1914 to 1918. Although 
many physical disabilities could be AA’aiA'cd, and although man.A- of them disap- 
peared Avith treatment or favorable conditions of militar.v training, it Avas u.su- 
ally the opposite in cases of nei-A-ous or mental diseases. Such men Avere only 
too often singled out only after a considerable period of training, during A\duch 
time the.A^ received pay, equipment and maintenance, Avasted the time of in- 
structors, interfered Avith training and filled hospital beds urgently needed for 
others. Many of them would have been better off to all concerned, if not even 
of matei-ial assistance to their country, had they been left in their accustomed 
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surroundings. If they l)ccamc soldiers, they -were almost certain to pre-sent 
eventually a serious economic prohlem to the nation in tlie form of government 
hospitaliiiation and care.”®^ 

“Neuropsychiatry was a new field in the war of 1914 to 1918. It inter- 
fered with e.stabli.shcd military routine and order and no doubt had a struggle 
in hastily orienting itself in this new situation. Officers complained that if 
specialists did not cease eliminating the unfit, there would be no Ai-my left. It 
was felt that training which tran.sformed poor physical specimens into robust 
fighters could do the same for those who had neiwous or mental disabilities. As 
a ro.sult, recommendations for re,icetion or discharge were often waived by 
line officers. Eventually it was discovered that the nervous and mentally unfit 
were greatly embarrassing the American Expeditionary Forces. On July 15, 
1918, General Pershing urgently cabled the Chief of Staff that more intensive 
effort be made to eliminate .such men. After this, rejections and discharges were 
carried through with less difficulty. ’ 

“Although manj- conditions were clear-cut and sufficient for outright re- 
jection or discharge, others were more difficult. These proved to be constant 
sources of annoyance and trouble to the officei-s, forming the larger number of 
the absentees, the discontented, the inefficients, the inmates of the guard house, 
and the frequenters of the regimental infirmary. These were the eases which 
complained of being dizzy, faint and bewildered at critical moments.”®^ 

“It was said that no other class of men made for so much mischief in the 
United States Army as did the feeble-minded. Their records prove that physical 
health, strength and ability to get along in civil life did not, in themselves, in- 
sure satisfactory Army serr-ice. The strange and exacting environment of the 
Army was too much for them. ’ 

“The need for routine neuropsychiatrie examinations of commissioned of- 
ficers was expressed. “A startling number of defects was found among those 
attending officers’ training camps, and it was felt that if all candidates for com- 
missions had been subjected to a thorough neuropsychiatrie examination, many 
■^’ould have been rejected with advantage to the military service. In fact, this 
failure was said to be probably the outstanding defect of the neuropsv'chiatric 
senfice.”®' 

“That the initial examination was important was demonstrated by the fact 
that 27,836 neuropsychiatrie cases, or 40% of the total reported, were discov- 
ered during the preliminarj’ examinations of recruits and draftees.”®' 

The United States Navj', too, was not without its difficulties. The psycho- 
path received particular attention. Quoted newspaper stories demonstrated 
how undesirables were urged to enter the armed forces. For instance : 

“Dee. 16. Thief dismissed so that he might join the Army. D. F. pleaded 
grulty here today on a charge of petty larceny . . . but an indictment against him 

charging forgerj* . . . was dismissed so he might enlist in the . . . United States 
Army.”6s 

“In a survey of inmates of naval prisons, it was concluded that 54% are 
|«en who clearly should have been eliminated at the recruiting or trainin'^ sta- 
tion.’'®h '%\nother naval writer s experience points to the fact that the p^cho- 
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l)alli has more difficulty adjusting himsell! to the service tlian lias any other 
type of questionalde individual. A recruit in thi.s classification is not amenable 
to discipline and he ordinai’ily cannot comrorfahly I)e assimilated in any part 
of the organization without having an intluence on morale.”'' 

“Eventually it evolved that from Ajiril, .1917, to Decemher, 1919, 95,577 
officers and men (both Army and A'av^') were admitted to hosiiitals for menial 
disease in this country and abroad, and 41,976 wore discharged for disability 
incidental to mental di.sorders in the .same period.”"^ “Ahso of 54,117 e.\'- 
members of military .service hospitalized by the Veterans’ Administration, ap- 
pro.ximately GO per cent were hospitaliz<‘d bccau.se of ncurop.syeliiatric dis- 
abilities, and cost the government almost .-i;]. 000,000.000 in the past fifteen 
yeai-s.”'’' “Even with the c.xelusion of paresis, mental deticiency, p.sychopathic 
personality and chronic alcoholism, two out of five veterans receive pensions 
because of neuropsychiatrie di.sability.’”' “Three of .seven men di.scharged for 
disability from the Army in 1939 were sull’ering from mental disease, and sui- 
cides raJiked second as major cause of death in the Army for that year.”' 

Similarly in the British Army, .stati.stics from the last war .showed that onc- 
third of the unwounded, and onc-seventh of those discharged wore permanently 
unfit becau.se of functional neuro.scs and menial disorders.'’ 


TJilC,\T.Mi:.\’T 

"With regard to treatment of patients sufl’ering from war neuroses in the 
field, the first c.ssential when the patients arrive at an aid jiost is to con\*incc 
them that they have received no .serious injury. When confusion, c.xeitcment, 
loss of memory and disorientation are the chief symptoms, rest, warmth, hot 
drinks with plenty of sugar, and a do.se of bromiile or i>henobarbila] will he 
necessary. Ecstlcss or excited patients may he given a hjqiodermic injection 
of morphine or soluble phenobarbilal combined with hyoscine. "When hysterical 
SATnptoms predominate, an attempt should bo made to remove them by sug- 
gestion.- 

According to one English Army ]>hy.sician (Dillon), during the World War 
63 per cent of the patients sulTering from .so-called acute anxiety states were 
able to return to duty after treatment which consisted primarily of rest and sleep, 
and relapses occurred in only 5 per cent.® 

In cases that do not respond quickly, the prognoses are not as good and 
more intensive and prolonged psychotherapy is necessary. Such procedures as 
hj^pnosis, suggestion under narcosis, suggestive physiotherapeutic measures, and 
psychoanalysis have been used by various authors with reported good success. 
jMany patients will, no matter how treated, become chronic invalids and require 
government care for the rest of their lives. 

The major factor in the prevention of war neuroses is the detection and 
early rejection or elimination of the emotionally unstable from active combat 
service. This can be done if there is a greater awareness of the problem in med- 
ical circles. Physicians on induction boards should have a psvchiatric as well as 
physical orientation and approach. Any lack of psychiatric awareness that 
does exist is but a reflection of the state of affairs in the medical profession in 
general. 
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Hoirever, the lesson of the ^^'o^•ld War was vrell learned, and it is significant 
that the Surgeon General has requested that medical officers examining appli- 
cants for the Army he especially alert to detect all those ^vith any mental or 
nervous ahnomialitios who later may disrupt discipline and morale, retard pro- 
gressive military training, occupy hospital beds urgently needed for acutely 
ill patients and finally become an economic burden to the government.® 

If greater attention were paid to the following statement of the Surgeon 
General, this immense problem woidd in gi’eat part be solved; “The Army is 
one of the elements of national defense, and its present mission is one of prepara- 
tion for an oSensive-defensive type of waiTare. It is in no sense a social service 
or a curative agency. It is to be considered neither a haven of rest for wanderers 
nor a corrective school for misfits, ne'er-do-wells, feebleminded persons or chronic 
offenders. Furthermore, it is neither a gymnasium for the training and develop- 
ment of the undernourished or undeveloped nor a psv'chiatrie clinic for proper 
adjustment to adult emotional development. Therefore, there is no place within 
the Army for physical or mental weaklings, potentially psychotic or prepsychotic 
persons or behavior problems. Alen who present behavior problems in the 
civilian community will certainly present intensified problems in the service.”® 


NEUROSIS IN CrviUAN POPUIATIONS 


Wth regard to the problem of war neuroses in civilian populations, the 
general experience in Britain so far bears out the report of a conference of medi- 
cal men convened before the active stage of war began. They stated that an 
exaggerated estimate had been formed of the liability of war to produce nervous 
breakdowns. This has received substantiation since the intensified air raids on 
Britain have been in progress, for few nervous breakdowns have occurred in 
spite of the suffering and material loss.®” 

The best remedy against panic and disruption for civilian populations lies 
® the active participation of as large a section of the population as possible. A 
es-son is to he learned from the Germans, who state there are no shoemakers 
’n Germany any more, they are all fighters on the shoemaking front. Democracy 

00 often leads to an attitude of what do I get, with a disregard of what can I 

give.^' 


Aggressive impulses of the people should he mobilized along certain definite 
c annels. Each individual as far as possible should be given an active part to 
ay Training in first aid, instruction in modem methods of warfare, the na- 
re and effects of liigh explosives and gases should not be kept as a mystery from 
He should also be taught the importance of the so-called 
modern war and what measures are necessary to counteract it. 
first Been an excessive concentration of the public mind on safety 

orm’- Been far too much talk of where to hide and how to protect 

Th ^ Beeping up the morale of the nation, and of preventing panic. 

thc^T defeat the enemy. People were getting 

enough for the enemy to be 
'"'^^Bout pei-sonal danger. This was the philosophy of the ilaginot Line 
produ P^'<^Bological disaster. It led to the feeling that we had only to 

onto/'^ machine.s, enough concrete and enough airplanes and to pour 

o»oiigli money to win the war.” 
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WAR NEUROSES. EXPERIENCES OP 1914-1918^ 


Lkssons for the Currekt Emergency 


Douglas A, Tiioai, ]M.D., Boston, ;Mass. 


TT IS difficult to discuss the Avar neuroses as they occur during active service 
^ without thinking in terms of Avhat precedes active service, and although you 
have undoubtedly heard a good deal about that phase of military activity, it 
may he necessary to repeat a bit of it in order to get oriented. I think we can 
■say that the last Avar contributed more to psychiatry' than psychiatry' did to 
the war. I mean that the last Avar gaA'c p.syehiatry a certain professional 
standing which has continued, and after the Avar it Avas found that A'arious 
foundations and organizations recognized psychiatry' as a branch of medicine 
northy of support. I said recently that the problem of Avar neurose.s is a 
t R'cc-dimensional problem. Its length reaches from Avar to Avar; the neuro- 
p.sychiatric casualties of the last Avar still remain on our hands, and the effect 
1 e current conflict already begins to reveal the unstable personalities in 
(Rir civilian population and bring ncAv casualties. The neuropsy'chiatric cas- 
iia ties of the tAvo Avars are overlapping. We still have some 68,000 neuro- 
iatrie disabilities in the goA'crnment hospitals from the last AA'ar. The 
^^cpoit of the administrator of Veterans’ affairs indicates that they' represent 
110^’'^* patients being cared for by Veterans’ Hospitals. The eco- 

011 of the problem is appalling AA'hen one considers the money spent 

compensation. It can be said that the Avar neuroses 
^f'oy' are long draAvn out, they are difficult to treat, and they' 
b h- , fo'’ ot least tAventy-fiA-c years after the cessation of ho.stilities. 
fi'om n estimated that it costs .1530,000 to care for a psychiatric disability 
''i"h) , indiA’idual breaks doAA'n until his death. We haA'e some tAA’enty- 
" ^ hospitals in this country caring for these 68,000 patients. 

detecting these potential neuropsychiatric disabilities 
onimci ■‘'■ei’viee are shockingly limited and inadequate. The Goa-- 

I'oGin,’ ip' a few psychiatrists at a rate of .$1.5.00 a day and is ex- 

I’ointcd T’l examine any'Avhere from 150 to 200 patients a day. I have 
I'olciiiiar' . .V administration that if one psychiatrist picked out but one 
Tlicic is one-half years, he Avould save his salary, 

"fulfil Reed for a careful psy'chiatric examination before induction 
OR Rito the military service. 

disabilities re.sulting from active military serA'ice 
“^'‘ell shock ” neurosc.s, and Avhat the Briti.sh used to call 


'Wfilii 


—7 uouu lu eajj 

i/ie tatter term repre.sonted the vioAvpoint of Briti.sh pathol- 

•lA'CUirt* ViT » ^ 

‘^m, Mr,..;, from Collected Lechirea of the Metropolitan State Ho.“pltal, 
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ogisl C'oIoiK‘1 iloll al ilie time of Hit; last wav, who JVIl tlial "shell shock” 
was an oi-'ranie eondilinn in-otlueeil hy iiiiniite, peleeliial cevobval henK)iTha"c.s. 
Tlie role of jisyeholo^deal factors in ‘‘sholl slioek’’ was niininiiml. It was, 
howevei’, reeo<,niize(l eventually that a irreat many of the soldiers diatrnosed as 
"shell shock’’ casualties had not iieeii anywhere near a shell, This tJroiip 
of "shell .shock’’ cases jiroved to be made up of most heterogenous nciiro- 
psychiatric disorders, so varied that it would lie of little value to classify them. 
In order of their frctiueney the neurojisychiatric disabilities of the last war 
were neurasthenia, convel'.sion hysltirias. anxiety .stati's, and p.syehoscs. 
did see .some mentally defeetives, but they rejire.senletl a small proup, for about 
•30 per cent of all the individuals eliminated before they went into service were 
disrpialified because of mental deficiency. There M'ere nearly 70.000 cases di.s- 
(pialificd as constitutionally unstable individuals. ])otenlial p.sychotic.s, epileptics, 
and feeble-minded. 

The neurojrsyehiat rie casualties must be cmisidered in relation to three 
phases of the state of wai-.- the period of mobilization, the jjeriod of active 
service, and the jieriod of demobilization. It w:is reeoirnized and the i)oint was 
stre.ssed durin<r war jietivities and lat»-r in civil life that there arc limits to the 
amount of physical and mental stre.ss that any individual can withstand with- 
out breakinti: down in his adajitation to life. These limits arc not static: they 
vary fi'om tiwc to lime in the .same individual, intd they vtiry. of eotir.s’e, from 
one individual to another. I haiipencd to be at the Itoston P.sychopathic jro.s- 
pital when the last war broke <tut. and we had many individuals coming in 
immediately after war was declarerl. Their delusions and hallucinations were 
colored by the war activities, colorcti by what they were reading in the press 
and .saw al the movie.s. In other words, it look no moi'c stre.ss in thc.se pnr- 
ticular individuals than the simple declaration of war to bring out definite 
p.syeholic symptoms and break down their adaptation to life. At the present 
time we find individuals who have been making a good ad.iustmcnt to civil life 
under demands which have not been too succe.ssful. but who have developed all 
kinds of anxieties and hysterical manifestations under the stre.ss of mere antici- 
pation of being- drafted. A mere threat of ivar is enough to break down what 
appeared to be a good ad.iu.stmont to the demands of civil life. IMany individ- 
uals of this type will be weeded out ; others will get into active service and will 
go to the camps. There they will be subjected to the stress and strain of mak- 
ing an adjustment to army life in an environment where discipline is strict, 
where they have to adjust to groups of individuals living intimately, dressing 
and undressing and looking after their personal needs under conditions that 
are embarrassing to the shy and diffident individual, and being subjected to 
leasing, razzing, or becoming the "goat” of the crowd. These individuals, able 
to go through the first stages, begin to break down when they are subjected to 
stresses and strains of army life. Then, after war is declared, and as we begin 
to embark and think in terms of getting over.seas, another group of individuals 
begin to Ijreak doAvn anjnvhere from the port of embarkation up to the front- 
line trenches. There were, however*, individuals who went through all these 
phases rvith no evidences of failing to meet the responsibilities and obligations 
of army life, but who broke down on the waj"- back to the safety zone — a sort 
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of delaj'ed reaction. If the wav had continued, there would undoubtedly be 
many more individuals hitherto intact mentally and physically who would have 
developed neuropsychiatric disorders. 

Studies made of the constitutional background and the psychopathic taints 
do not show a great deal of difference in the hereditaiw backgroimd of those 
who broke domi and those who were sufficiently stable to carry on. In gen- 
eral figures it can be said that we found 5 per cent of poor inheritance in the 
“shell-shocked” soldiers, compared with 2.5-3 per cent in those who were con- 
sidered stable. There was a difference, but it was not marked. There was, 


however, a marked difference in this respect between the soldiers who broke 
down overseas under battle, under the stress and strain of the firing line, and 
those who broke down before they went overseas. The latter showed a marked 
eonstitirtional neuropathic disposition, and their neuropathic background indi- 
cated that they were definitely unstable. 

In my experience, ‘‘.shell-.shoeked” soldiers seen en masse on the wards did 
not measure up in their personality make-up to the average sick soldier cared 
for in a general medical hospital. If jmu went into a hospital for “.shell- 
s oeked,” you wmuld recognize in a I’elatively short time that yon are dealing 
mth a poup of individuals who, on the whole, are rather inadequate. It is 
interesting, too, to keep in mind the effects of different types of p.sychic trauma 
on ifferent individuals. ^Ve find a great many men who went through the 
‘oi’er the top,” were right in the thick of battle, were subjected to 
® e strains of active warfare, shoeing no evidence of .strain, who came back 
In ^ severe neurosis during the economic depression which fol- 

^ 'I’o emobilization. W e found many men earrvnng on perfectly well as soldiers 
erseas, who would eraek-up after hearing that their wives were sick or that 
stan*°'^ Different individuals seem to be affected by different eircimi- 

strains. One individual seems to be more susceptible to 
nresfcT grief. A threat to one’s reputation, loss of self-esteem and 

factors that affect some individuals more than fear or grief. 

seas last war about 2 per cent of those engaged in active service over- 

llie “shell shock.” One may say either that the 2 per cent represented 

1 group, or that the other 98 per cent were imusually stable, 

kst of ^ °"'oal to look upon the 98 per cent of soldiers who withstood the 
cent service as representing the normal indmduals, while the 2 per 

It ^ reason or other, represented the unstable group. 

10 per 'c t^^ose individuals who represented the top 

indivuhml psychological examinations as given in the camps were the 

•ii'stcd. soldiers. They were better ad- 

Ifivcr iOt, frequently were selected as noncommi-ssioned officei-s. In the 
into maladjusted group, the individuals who got 

Omi.sc.s nnrl found these individuals more frequently in the gi 7 ard 

'eased and ln"ros° i A.W.O.L.® They were the boys who were 

“shell shoo^-> • If is ^'”‘Ong this type of men that 

'■''^'’O.stauthted bvH''"")"'”'^ frequently found. I think this observation will 
_ ica oj the obsei-vations made in camp as time goes on. 

without otlicial leave." 
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The iiouropsyeliiati'ic easiinlties al llie front varied in mmibers and de- 
pended a good deal upon tlie .severity and duration of the preliminary en- 
gageinenfs and skirniislie.s vliieh preceded hig drives. ..At Cliateau-Tliicrry. 
for example, about 20 per cent of the casualties were neurop.syeliiatric ea.snal- 
ties, because the man had been suljjeeted week in and week out to slrc.ssful 
experiences before they went into the actual battle. 

Tt is i-eeogni/.ed that a neui’osis .serves a i)urpose in the life of the individ- 
ual. It has a i)i'oteetive mechanism. Trotter used the term “herd instinct” 
to denote such attitudes as loyalty, patriotism, honor, etc. He pictured tin's 
herd instinct and the instinct of self-preservation as the two forces which ciinic 
in contliet and could only be <Iissolved by the neurosis. AVe frie<! to evaluate 
.iust what pui’pose tin* neui'osis served in a soldici’. 

If one thinks in terms of the war neuroses as being a protective meelninisin, 
we have to go back some yeans. The war neuro.ses were first recognized, I 
believe, by the I?u.ssi;ins in 190.5 and 190G, and provisions wei'c made to caiv 
for these nein'otic eases. 'I’hiit was the first lime any recognition was given to 
the fact that war jiroduced mental ca.suallies and that these mental eases 
needed consideration on e(|ual terms with other tyj)es of war ca.sualtie.s. 

In the last war, the medical men. the milil/iry authorities, the public, and 
the pro.s.s accepted the fact that “shell shock’’ was an illnc.ss not due to any 
malicious intent on the part of the ,soldier. Thu.s, the “shell .shock’’ became by 
the .same token a legitimate way out of a dilTieult situation. AVhen war began, 
the herd instinct was a ma.i'or driving factor for most of the men who cnli.stcd 
or were drafted in the army. The feeling of self-esteem, the honor in which 
the individual wants to be Indd by his friends, by the community, by the mili- 
tary authoritic.s, and b.v everyone ehse with whom he comes iii contact, and 
the propaganda, .speechc.s. the bands and parade.s, the unifoi-m. the pride in 
being a soldier, the fact, too, that becoming a .soldier oftentimes .solved a good 
many conflicts of one’s civilian life, .such as won-ies and anxieties of an eco- 
nomic situation, or of a marital or profc.ssional difficulty, all those things con- 
tributed in building up this herd instinct. To .loin the anny, to go to war, was 
the thing to do. It gave the individual a .sen.se of importance a7td a sense of 
security. It enhanced his feeling of .self-esteem. Xothing else mattered. The 
herd instinct as it related to the wai’ was high, and the instinct of self-l)i'escr- 
vation was quiescent. One was not thinking in terms of life and death but 
rather in tei'ins of satisfying certain emotional didvcs. However, as one became 
more actively engaged in military .service, as one approached from the camps 
to the ports of embarkatioJi, certain aspects of the glory and the glamour ot 
the uniform were lost by doing kitchen police woidc and being sub.icetcd to an 
iron-bound diseiplijie of the arm.v. A good deal of this hei-d instinct began to 
fade away. The enthusiasm began to subside, and the instinct of self-preser- 
vation began to rise. As the.y neared the front line, the herd instinct became 
counterbalanced by the instinct of self-preservation. In those iirdividuals who 
carried on, of course, the herd instinct was alwa.vs liigher, and tlic instinct of 
self-preservation remained submerged, while in those individuals in whom fear, 
anxiety, the emotional tension were of such a degree that the sustained threats 



THOM: WAR NEUROSES 


503 


to theiv physical security could not be held in check bj' the herd instinct, 
severe emotional conflict resulted. The “shell shock" or the neurosis served 
the purpose of satisfying both drives, foi' it was recognized as a respectable 
vay oirt of a difficult situation. It allorved the individual to protect his own 
self-esteem, because “shell shock’’ was looked upon as a legitimate cause for 
military incapacitation by the offieers, by the doctors, and by^ brother soldier.s, 
and at the same time it satisfied the instinct of self-preservation. It was a solu- 
tion of an intolerable dilemma. 


There were three ways of solving the conflict between the instinct of self- 
pre.servation and the herd instinct. One was to get killed, the second was to 
get wounded, and the third was a neurosis. "We rarely saw a “shell-shocked" 
soldier, a neurotic soldier, who had a wound. The wounded individual didn’t 
need a neurosis. He was out of the situation by virtue of his wound. Occa- 
■sionally, the neurosis developed among wounded soldiers when the time came 
for their discharge, and they were confronted with the situation of having to 
go back into active combat. On the whole, one did not find neurotic soldiers 
among wounded. 


Another intere.sting observation is that the neuroses were less frequent 
among the professional military men than among men who went into military 
smiee from civilian occupations. Thu.s, the Eng]i.sh Army was, so far as the 
0 cers were concerned, made up to a large extent of professional soldiers, 
f ^\as somewhat different in our Army where an officer might have been an 
insurance clerk or a lawyer or a business man, who went to one of the K.O.T. 
®iimps, and in the course of six or nine months became an officer. I do not 
le^ e I ever saw an hy.sterical paralj'sis in an English officer. I have seen a 
neura.sthenies, but, on the whole, the war neuroses were relatively few 
among English offieers. They were trained for a life job, and consequently. 
J^ie better adjusted to .stresses and strains of war. Among the American 
cers, however, w'e often obseiwed individuals suffering from a paral.vzed leg, 
also some other hysterical .symptoms. I remember, 

h\\t three high ranking medical officers coming to ho.spital with an 

thing you would not believe compatible with a 
. sieian s knowledge of the nature of hysteiical symptoms. 

cneo'^^t ^icorasthenia and hysteria were the most common types of neuroses 
hrstei-' the last war. "We saw relatively* few cases of conversion 

officer *^'' physical incapacities like paralyzed arm, leg. blindne.ss, etc., in 

iiicnp'i'.'f them frecpiently in the soldiers. A soldier with hysterical 

hetwe*'^' }' -',*7 represented an individual who met and solved the conflict 
Piittim",,"^ instinct and his instinct of self-preservation at once, without 

neurasthenic was, on the contrary, an individual in 
'''It of jv ”1. ®™''*.^^''horation of neurosis was more insidious. He went in and 
hisomirn trenches, he may have a good many symptoms such as 

'>-<'mor.so,,qln dreams, feeling of exhaustion and fatigue. 

who,.„ ) •‘^•'■"’Ptoms. but he kept going in and out until he reached the 

Mtunlionmor hysterical individual met 

"""s that seemr. 7 oftentimes with a group of .svmp- 

,vith his «l„c»tio„. his Lck. 
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ground, his whole understanding of what that situation meant. The liy.sterical 
.soldiers, as a whole, were more easily treated than the neurasthenics. They 
recovered from their syniptoms more easily also, heeause they were eminently 
suggestible individuals, but they wore also very much le.ss likely to remain 
without relap.ses. 

It was recognized early in the war that acute eases of war neiiro.scs had 
to be dealt with promptly. It was found that eases with anxiety stales, with 
hysteria, and with neurasthenie symjitoms, which were sent back to the gen- 
eral hospitals along with the general inedieal and surgical ea.ses were most 
diilicult to treat etTeetively. Oftentimes they would be picked up with the 
general medical eases and simj)]}- remain for week's on the wards of a general 
ho.spital, getting little or no i).sychiatric attention, their .symptoms heeoming 
fixed, and as a result of being in the wards with medical and .surgical patients 
with organic symptom.s. the whole pielnre became more elaborate and difficult 
to treat. That silnatioii was had also for the physieally sick pntieiits. as you 
know. For these reasons, receivijig centers wore set nj) within 5 to 10 kilo- 
meters from the front lines with psychiatrists on fluty who .saw all sick men as 
.soon as they came hack from tlie front. Thus, many of the soldiers who de- 
veloped neurotic symptoms in action got no farther hack IhaJi jjerliaps 5 to ? 
kilometers from the front lines where they were frealeil. iMany of flic.se were 
cases of acute fear reactions plus exhaustion and fatigue. From 60 to 70 per 
cent of all such ca.se.s were returned from these centers back to the frontline 
trenches within forty-eight honr.s. These centers did a useful work in segregat- 
ing the eases. If all the neurotic eases had heen indiscriminately evacuated to 
base ho.spitaI.s, permitting a long period for the neurosis to bceome set before 
treatment eoiild lie .started, undoubtedly many soldiers with milder neurotic 
states would never have returned to the front, and a largo number of .soldiens 
who well might have developed a ebronic nenro.sis were thus .salvaged for the 
service. 

The amnesia eases represented a particularly interesting group, because 
these individuals attempted to .solve their eontlict between the herd drives and 
those of self-preservation by completely obliterating the memory of the in- 
tolerable situation. “Forgetting” allowed the man to carry on with clut.v. and 
one rarely saw the amne.sic patient with any otlicr nenrofie symptoms. Some- 
times the amnesia would be restricted to a rather short period in the indi- 
vidual’s life, covering a space of time of perhaps a day or two preceding some 
trying event and extending beyond for two or three dny.s. Other individuals 
would have a complete anterograde and retrograde amnesia lasting for weeks 
and months, forgetting completely all that happened before and after the event 
which produced the amnesia. There were also peculiar types of partial amnesia 
with confusion in which the individual ivould remember people and certain in- 
cidents but couldn’t identify them with any particular situation. 

The therapy of war neuroses varied n-itli tlie different schools of thought. 
.Some felt the approach to these problems was through analytical procedures 
and others felt that suggestion and hypnosis were more useful. It was impor- 
tant that patients got in and out of the hospitals as quieldy as possible, and 
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one had to think in terms of methods that wore practical. Por that reason, a 
large number of the conversion hystei’ias who were undoubtedly precipitated 
hy suggestion were treated by countersuggestion aided by faradic current 
(“suggestion armee” or “torpillagc” method of the French). A patient in 
capacitated by an hysterical paraly.sis of the leg would be carried along at the 
hospital somewhat as follows : The doctor would take a history and endeavor 
to get on friendly relations, finding out all he could about the early history of 
the soldier’s home life, interests, hope.s, ambitions, attitude toward the war, 
resentments, attitude toward superiors, liomesickne.ss, fears, etc. Then a care- 
ful neurological examination would follow with any other examinations and 
lahoratorj- tests that seemed advisable. Every p.S 3 'chiatri.st had his own tech- 
nique of treating his patients. One might start out as follows: “Now, John, 
you want to get well. You want to get over this trouble. You don’t want to 
carry a had leg around with you all your life, do you?’’ John would usually 
agree that he did want to get well. He would be taken off the ward to a 
treatment hut with a medical sergeant or corporal, and the psychiatrist would 
make another short speech, saying, “John, we are going to treat you and you 


are going to be absolutely’ cured when you go out of this place. That, I take it. 
is what yoir want?’’ Nothing short of that dogmatic assertion had any real 
value as a suggestive measure. John would say “Yes,” a little less enthusias- 
tically than he had before. There are a few psychological tricks, such as, 
'Lock the door, Sergeant.’’ Then you tell John that the treatment may he 
very short or it may take some time, “It may take five or ten minutes, or it 
may take all day, John, but when you get out, you are going to be well; that 
is the important thing.’’ “Now’, John, this may be a rather painful proce- 
dure— -does that bother you?’’ He would usually say’ “No,” he just wanted 
P get so that he could walk. The hysterical patient was always very urgent 


a protesting against the illness and wanting to get over it. The electrical 
current w’ould he applied and increased as found necessary, with continuous 
•siiggestion that function was to be restored. It is purely a matter of sugges- 
Imn, and in a surprisingly short period, with the use of the current and help 
lom patient, the muscles would contract; then the contractions would take 
p ace uithout the current. You show him, talk about it, demonstrate to him 
lat there was function. Under the stimulation of the current the leg would 
.mr’, and he would get cramps, some of them painful, and under the excitement 
could move the leg, stand on it, -walk. It w’as always 
^^esira )le to spend a certain length of time with the patient after function had 

unde purpose of the paralysis, how it may come back 

Cl .stiess, and ways and means of preventing a recunmnee of difficulty. 
psv*^l function, the patient alway’s was returned to his ward for the 

mi*d^ effect on other patients. "SYent out in a wheel chair, returns 
he V n PO'''’er! On the other hand, if a patient was not cured at once, 
asthen'' to the same ward for obvious reasons. The neur- 

neuroses did better under some modification of 
• ■ • . persuasions or re-education. , 

dutv 'qo'’!''^-^*^'' neurosis were sent back to active 

P r cent went to the sermee of supplies, and 5 per cent were found 
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unfit for military duty. The cla.s.sific{ition.s used for tlie neurop.syeliiairic dis- 
orders were neurnstlionin, psychastlicnia, liyjiochomlriasis, liyslcria, auxiely 
neurosis, anticipation neurosis, ;^^()st of the anticijiatoi-y cases were those 
individuals who developed neurotic .symptoms before (hej- had engaged in any 
actual war activities. The individuals .sufi'erin'r from effort .syndrome or nciiru- 
circulatoi'y asthenia were common. They ai'c heinfr reeo'rnized at the present 
time by the examining; hoards and are considered as bein^ unsuitable for .service. 
There were man.v eases of exhaustion a.s.soeiated with a mild anxiety state. 

I believe that the efi'ects of the pre.sent war will not lie jiarticularly dif- 
ferent from those seen in the last war. It is difficult to see how we can elimi- 
nate the unfit when the time of p.sychiatrie examination is limited to .six or 
eifjht minutes. In many of these mises the unfilnc.ss of the individual has to 
be determined by the evidence oiilnincd from the individual’s past history 
rather than on the basis of sifriis and .symptoms the psychiatrist may discover 
during a shoi’l examination. Already e.xaminers are finding men in the Army 
who have been in state hosjiitals or were released from state lio.s|)itals only a 
fcAV weeks before their induction into the service. 'I'he altitude of some of the 
militaiy authorities is still e.xiu'c.ssed thus: “You give us the men, and ive 
will make an Army out of them.” The fact, however, is that a man may he 
able to make a very .satisfactory adjustment to eivil life, and yet this is no 
guarantee that he will make a good soldier. ’I'he demands of the Army on the 
individual arc fpiitc difl'ereiit from those of civil life. IMany a neurotic indi- 
vidual makes a fairly good adjustment to eivil life, he may fit into the .social 
.scheme of things, he may he a pretty good father, hushand, friend, and neigh- 
bor, and yet he is quite unsuited to meet llio demands of military life. It is 
not possible to eliminate all the potential jxsyeboneuroties. A certain number 
of them will bo picked u]i before they get into .service, othor.s will break down 
when they get into camps, and still others on the way to battle linos. On the 
whole, it seems to me we are going to be confronted with the same kind of 
problems during the period of mobilization and active service as we had in the 
last war. 

I spoke of a period of mohilizafion and of active service. I think the 
period of demobilization is a period quite as important in creating the neurosis 
as any other in the experience of the soldier. The methods utilized in de- 
mobilizing, and the various services tliat the government lias set up for com- 
pensation treatment of war disabilities, for ti-aining in various professions, 
have created potent motives for neurotic manifestations in certain individuals. 
I believe that following the last war these ijrocedures of demobilization created 
many neurotics. When you pay a man for being sick, penalize him for getting 
well, when you pusli him into highly specialized organized occupational schools, 
giving him a false idea that he is going to become a good engineer, good public 
accountant, while lie is totally umsuited for that sort of thing, j'ou create a 
great gulf between man’s fanciful ambitions and the grim reality of his actual 
abilities to achieve these ambitions. 

The war neuroses are not different from the neuroses we see in civil life. 
I think, however, that war neuroses are much more amenable to treatment than 
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the neuroses seen in civilian life. Created by suggestion, the war neuroses are 
readily helped by suggestion. There is a certain prestige of being an officer 
and in utilizing the therapy of suggestion. There is a greater pi-estige rela- 
tionship between the soldier and the medical officer than there is between the 
patient and the doctor in civil life. In civil life, if the patient doe.sn’t like one 
doctor, he can seek another. The soldier has no such rights. An important 
lesson we learned from the last war is that the nearer these neurotic manifesta- 
tions can be treated to the place of their occurrence, the easier and quicker 
they are cured. If the neurotic individuals arc treated at the receiving centers 
immediately behind the front lines and soon after their symptoms developed, 
a great many of them can be sent back within a short time. On the contrary, 
the most difficult eases to deal with were the cases evacuated from the front 
l;nes to general hospitals far in the rear. They just hung around and simulated 
symptoms seen by them in others, while their own neurotic manife.stations 
would become chronic and fixed. 

Question: ^Vas there a difference in the incidence of “shell shock” and 
Murosis in the English and in the American troops? 

Answer: I don’t think there was any significant difference between the 
Americans and the British. We did, of course, make more careful examina- 
tions, poor as they were, before the induction into service than the British did. 
In England the men were thrown into service at first without much time for 
psychiatric examinations. They did have the same sort of sifting process in 
t e British Army but not to the extent that the American Army had. The inci- 
enee of neuropsychiatric casualties was not particularly different. 

Question: What immediate measures did you use for treatment of neurotics 
front lines? 


Answer; Right at the front trenches these men were given rest. Eeas- 
o^h”^^ important part of treatment. A good many of them had fear 

pjy iooked upon as cowards, and they were anxious to get back. Seda- 
Koldkr It was a matter of bucking the morale of the discouraged 

he three soldiers %vho came there from the trenches would 

•md^ ^fter a night’s sleep, rest, and reassurance that they were all right 

cm. yiiiiow, ’ and back they would go. They rarely were kept more than 

enty-t\vo hours. 

I they go hack to the same posts in the trenches or would then 

"c transferred elsewhere? 

fhe ea.ses would go from the “triage’’ 
i'ase hosffitL^° companies. The other third would be evacuated to 

■'^'‘'»dhing7ikc ih7?^^ reassigned from the comhat duty to kitchen or 

BtShv instances. They would get a Certificate 

behind they were to go back to dutv, or 

assi..nod m discharged. A number of those men 

to .some type of service behind the front line. 
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Qucslio)!: There is prohuhlij no oilier field I lion Ihol of psiiehoncurnm in 
which ihc rociol ehiiroele risties jiresnit Ihemselres mare distinelhi. Is tliiil iiour 
imjircssion oho, so for os (he wor neuroses ore eonrenied/ For crinnpJc, the 
siimploms of conversion Injslerio, such os hjislerie.ol jnirfilpsis, eontroctures, fits, 
idindness, seem lo he more freepienl amoiuj Lolins than omoiiff Ane/lo-^oxnns. 

Aiiswei’; Yos. I fiiiiik is i)(‘ri'ectly Iruc' in civil lii'e as well as in mili- 
tary life. 1 supi){is<‘ dial is why inelhod oT “siifreieslion arinee” or “lorpil- 
laye” was originated by die h’reneli. for if is a inefliod of treat nieiil [lartieiilarly 
suitable for eonversioii hysteria. We see relatively few eases of eouvcr.siou 
hysteria in onr larjie mit-jiatient elinie.s. 1 doubt if tbiwe are seen more tlmii 
a few eases a nionlli in all the clinics of IJoston of real conversion hysteria, 
while in the Freiieh eliiiies. 1 am told, tliey are seen iniieh more frc<|ucntly. 

(hmehulin<r, I wish to rejicat that the individual who develops a warnenro.sk 
the maliiicerer, the fellmv avIio tries lo bluff his way out of the .(\rniy, the 
p.syehopath, the unstable individual, will not be a {rood .soldier. If is far het- 
fer to have on the soldieriii!r .job a man jihysieally sick than a neurotic. The 
Uernians don’t reeo'riiize the war lu'urosis as snllieient i-eason to fret out ot 
service. They are usin{r the neurotic in buildintt roads and front-line trenchc.s, 
under strict niilitarv discipline, sub.ieetin{r them to all the danirers of front-line 
activity. We Iiave no way of knowin<r how eflieient such military men.sni’c.s 
really are in treatin<r a {rroui) of inadequate individuals whether they he nia- 
lin>rorer.s or neurotics. We do know, however, that these individuals do not 
make jrood soldiers. They cei'tainl.v repre.sent a menace to any org-anixation, 
and neither the Hi-ifish nor the American Armies will jirobahly resort to .such 
measures. 



‘SHELL SHOCK” AXD EFFECTS OF HKHT EXPLOSI\ ES* 
1). EKNNY-Bnowx.T F.B.C.P. 


THE term “shell shock” is vapidly liccoiiiin<r obsolete. thou<rh the clinical 
* conditions it nsed to desevibe are by no means nnconiinon in the pieseivi, 
nar. Until I was asked to give this talk. 1 had not used the term for almost 
two years, following the findings of a British Commission which was set up in 
1939, which recommended that the term would be dropped altogethei . In the 
last World War millions of men in closely packed trenches were .subjected to 
tremendous bombardments for months at a time. A mysterious kind of noi\- 
ous disorganization occurred in tbo.se who were submitted to close .shelling, 
and it was natural that this clinical syndrome should be thought to be due to 
the phy.sical effects of explosion. It was difficult to deny some particular influ- 
ence on the brain from the explosive force of the shell quite apaid from direct 
injury to the brain from fragments. The nervous symptoms were often absent 
in those who had suffered severe direct brain injury. There began a search 
for some objective basis. !Most of the patients suffering from shell shock did 
not come to autopsy. They w’erc disabled for long periods of time, many of 
them with frank liysterical or neurotic symptoms, most of them labeled 
‘chronic neurasthenia,” some suffering from traumatic intellectual impair- 
ment, and some truly psychotic and I’equiring commitment. In the aftermath 
of the last W’orld War thousands continued to attend special clinics and hos- 
pitals, receiving various degrees of pension for this disability, “.shell .shock.’ 
hi the brains of the few who died without sign of external injiuy. pathologists 
loported finding in some no lesion of any kind and in others .small petechial 
hcmorrhage.s in the brain substance. It is now felt that .such pathological 
clmnges as were reported were not necessarily present in those who survived 
Olid .suffered fz-oni the clinical picture which was called “shell shock.” Thus. 
Ill a ease described hy ^lott. the man died from an explosion in a munitions 
aetoi’y but was know'ii to have been exposed to caihon monoxide, which alone 
ecuhl aeeoiint for petechial hemorrhages in the brain sub.stance. Other.s may 
lore suffoi'od from fat embolism which also gives rise to such hemorrhages. 
‘ 1 hie time of the Spanish Civil War there came reports that bombing may 
O'lu.se deal]) in a very mysterious way: tales of patients found dead after the 
mill ) explosion who showed no sign of external Injury and in whom at autopsy 
death was to he found. Again it was .supposed that some my.s- 
nf high explosives damaged the nervous .system. One was natn- 
"i th'^'*' •‘^keptical of sueh reports, because in ordinary civil life di.sloeation 
'h'Oth^ spine with ti'ansicnt comprc.ssion of the spinal cord may cause 

ithout niore than a small softened segment. And so it is sn.spectcd that 

" ■■'Itlruii. mIiV.,; "* from CoUfetpd hri-tmcn, thr- Me'ropolUnn Sbi'o Ilo.soil.n), 

in • ll"-'''-''>''l I'nivor.sity. Mrijor nov.' >lomol,;Hzr.a Zor rr- 
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sucli tlislocation may have caused these mysterious (k-aths in people who were 
hilled by sudden explosive violence. Anoflier rumor datinjr from the first 
Al orld War was (hat if men w’ere in a treneh and a very liiRh explosive shell 
leli near by, then in some way the fp-ound was slialcen and the people in the 
trench were concussed. It i.s diftieuK to find any adequate foundation for this, 
which IS obviously related in .some way to the jiroblems of “.shell .shock” ami 
unexplained death from bomhin”:. 


There arc many points of rcsomblanee befirecn “.shell shock” and “traii- 
maUc neurosis.” As you know, many who have had a head in.piry in ordinaiy 
ciidian life are })arfieularly liable to nervous syiuptoins for a number of years 
aftciwauks. That condition has al.so Jed to ditferenee.s of opinion. In its 
piolouged posttraumatie, anxiety symptoms and varialilc a.ssociation with 
actual cerebral dama.iro. this .syndrome is .seen to be clo.sclv related to that of 
“shell .shock.” 


I flunk .some ease iiistorie.s will best pive an idea of the nature of (he problem. 
Ufost ji.iticnts elo.se to an explosion of bomb or shell sutfer from direct wounds, 
such as foi-oifrii bodies in liniifs, body, or skull frnciurcs of limbs, and injury 
to (he chest. If one looks for what we call pure “shell shock,” one must seek 
the patient who had no external iiijuiy from the explosion hut who was im- 
eomseious. There arc very few such patient.s, and their persisting symptoms 
are of cmotioiiol type, i^fany have had a definite but trivial injury, such as 
a cut scalp, and svitTer later from the same syiuptosns. 


C.v.Sf. 3. An infaiifrymaii, u/’od years, Jinil siirvivcil !<ovrrn} Fi'wro )>omh]ngs wtli" 
out nnj s}mi>tontfi at ait. On Alay .50, JOJO, a slicli dreppod cIo.«e to liini in .a trcndi. He 
estimated that he was uliout twelve feet away. Ite rentembor.s u loud c.vpio.sion, and then 
he roniombcns notldn? more. Ilis nc.vt memory was time or four hours Infer, and about a 
quarter of a mile boliind the lino wiiere this c-x-pJo-sion occurred. Ho was shahing ail over, 
-sweating profusely, und, in bis own words, “crying Jiho n Iiaby." From Hint time onward 
his inenior\ is clear. lie thus had suflercd an immediate amnesia of three to four liours 
without retrograde amnesia. He managed to get to a liospital. Ifo hnd no sign of externni 
iiiyiry anywhere, no ent of the sculp and no brui.se; but Jie Iiad a very severe licndnclic, 
and he was tiept in bod for .some dnys. He was very sick and nervous. He .slept vet.'’ 
).i for the first foM ‘V\honcver )ie heart] aircraft past^ he was overcome hy 

general trembling, nnd from time to time he would break down in tears. His thoughts 
continually were about niiother .soldier for whom he hnd a particular liking, who had been 
killed the day before his own incident. He continued to Imvo carlv morning headaches. 
He was extremely unliappy. His eyes felt heavy. He coiitinuod to .sloop badly, nnd he 
was still the same about six weeks later when I sa^v him. He had good intelligence, hav- 
ing reached top grade in primary school at the age of 14. He had had two years in an 
engineering lirm, then joined the regular armj', served in Egypt, enjoyed it, and left the 
regular Arm) as a reservist nnd worked in a brewery. Ho had been married for several 
years, had two children, and his domestic Jifo wa.s perfectly happy. There was no history 
of pre\ioiis breakdown nor of nervous symptoms or epilepsy, nor was there any family 
historj of fits or breakdown. He bad never bad any illness that lie could remember. On 
examination he had no abnormal physical signs of any kind. X-ray examinations of the 
skull showed no signs of damage. The cerebrospinal fluid n'as perfectly normal in all re- 
spects. After discussion of his troubles, and particularly his anxieties about his friend 
who hud been killed, he settled down rapidly, and n-itliiii a fortnight was free from head- 
ache, and was cheerful and slept well, and after a month was sent on sick leave. The last 
we heard of him he was back on duty without symptoms. IVhat was the cause of this 
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amnesia? Had ho been concussed or had he sufTcred simply an hysterical episode? I have 
no doubt that he was thrown into an acute emotional reaction by the circumstances of this 
ejcplosion. His anxiety about his friend possibly predisposed him to this. Are we to call 
that "shell shock" or not? Is that a mysterious organic reaction of the brain, or is it 
purely an emotional phenomenon ? 

C.\SE 2.— The next case %vas that of an infantry soldier who had been on guard duty 
when a bomb exploded some ten yards away from him. hen be came to the hospital, he 
gave us a stoiy that he had been unconscious for four days and had from that time onward 
suffered from severe headaches, from giddiness, whenever he ventured out of the hospital, 
and from inability to concentrate. He was at times depressed, and he did not sleep well. 
His personal history was a poor one. He had not attained beyond the third standard grade 
at school. He had tried all sorts of odd jobs until he had joined the Army, and he had a 
historv' of one brother who was committed. He had no historj’ of previous breakdown. He 
showed no sign of damage to the nervous sj'stem or even to the scalp. X-ray examinations 
of his skull were perfectly normal. The only abnormality was an electroencephalogram 
which showed many slow w.avcs of the kind found in psychopathic personality. Indeed, he 
was mildly psv’chopathic as well as backward. Hcntal status showed that his memory and 
judgment were particularly poor. Was this man concussed by the blast of the explosion, 
or was he suffering from an emotional nervous state like the first one? Eventually I inter- 
viewed another soldier who had been with him on guard at the time of the original bomb 
e-vplosion. I told him I was rather interested to know about the "unconscious" condition 
of the patient during these supposed four days of unconsciousness, because we had no 
record from any hospital about this state. The friend said he had heard the patient 
shouting and ran to where he had been thrown into a heap of soft lime by the force of 
the c.xplosion, and where he was shouting to be helped out. He was sufficiently conscious 
lo he cursing the lime, knowing perfectly well what it was. It was then clear that this 
patient had not been really unconscious, and the loss of memory covered a period in which 
a had been extremely nervous and frightened of further bombings. That amnesia was 
aot the amnesia of true concussion; it was amnesia of hysterical reaction. 

These two patients are the only clear-cut examples of which I have kept a 
rase record. But their story is enough to show what sort of reaction occurs in the 
patient who has not suffered external injurj', but who is complaining of nervous 
s^ptoms following bombings. In strong contrast ^vith these histories are two 
eis characteristic also of close exposure to bomb and shell explosions hut 
penetration of the skull by fragments. 

^ ground en^neer was standing on an airdrome near a plane when an aerial 
ccught yavds away from him. He stood clinging onto the aircraft, which had 
niuUii,! ^°titd not speak. He does not remember any pain at the time. He had 

wllapsed'"/'^'^*^^ limbs, which were bleeding, and in the course of a few minute.s he 

tutil aft" consciousness. He remained conscious but unable to speak 

tc Was admitted to the hospital about one-half hour later. About six hours later 

"'■'s in and almost completely aphasie with a right facial weakness, hut no weak- 

t'Riditv H extensor plantar responses on both sides and strong neck 

^’at he was*^ taald understand parts of your conversation with him and simple requests, 
aader a press'”**^ aaable to make any reply. The cerebrospinal fluid was blood-.stained, 
‘Iv next ^ kours he was able to give his name, and 

’’•■'d no anr^- ° “ match bo.x. He was unable to write his name and he 

duid Was stbi'"; ccfchrospinnl fluid pressure had now increased to 340 mm., and the 
'•'Itered throunl ' ^''■''‘y examinations showed small metallic fragments had 

"'e reeioii oV'fv i" the skull and had traversed the ventricles to lodge 

'’“'■’"'kng the bodx cavitv, 

.' of the ventricles. The scalp wounds received surgical treatment but 
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tlio intnicereliral frapnoiitw wore not dislurlioil. In llireo more (lava lie waa aide to 
Ilia name and ago; lie was a little eonfused, aaid the year waa I'.).’"’, and a little later aaiil 
the iiiontli waa dune, lOIO, wliieli was right. He showed little iieraeverance in ajieecli. In 
the course of ten days liia speech came iiaelt. His right plantar response remained ex'teaaor 
for a few days. His cerelirospinal fluid became yellow and clear within a week after tlic 
injury, and he was feeling well. 'J'lierc waa a slight trace of right facial weakness in 
es]>rcssiou but no other sign. He remained well at the end of three weeks, and other 
wounds in his limbs had healed well. He was allowed a gradual convalescence and even- 
tually went back to duty feeling fit. A letter from him after he went back to duty at 
an airdrome revealed that at first he did not fei'l sure of himself, but he soon overcame tlii.s. 

This patient had been very close to a large explosion, .and his .symptoms, all except 
some slight loss of confidence on first return to duty, had all come from contusions h.v 
small penetrating fragments which had entered the brain causing ajdiasia. Any amnesia 
was exceedingly brief. 

Ca.se 4 . — A sergeant in !in artillery regiment was in the Metz area of the Maginot Line 
on the last day of Ajiril, IPin, when a shell burst a few y;irds behind him, throwing him for- 
ward. He did not recall the noise of the explosion, but remembered raising himself up 
from the ground. This was at night. He .seemed to see a moving cloud, and for a second 
he felt unable to move the right arm, where he had sustained a flesh wound; he also found 
he had been wounded in the loft log. He noticed the right occipital region was beginning 
to bleed. He walked unaided to a post about twenty ytirds away. In the j>os( he could 
see the light of a lamj) and no more. His wounds were dre.“se(l, and he was .sent to a field 
ambulance unit. He had no headache and his sikh'cIi was normal. The next day the 
occipital wound was excised, and a gap in the .skull in the ocei|>itnl region was found with 
brain protruding through. No exidoration of brain was made. He remembcr.s seeing a 
nur.se ’s cap to the right side of him at this stagi*. He was Irtinsferred to another hosjiital. 
He was apathetic, he did not sleep well, and his head wound was bulging but was not 
infected. He was found to have a complete left hemianoi)sla. He was receiving sulfa- 
pyridine, his temperature was nornuil, and he could now .sec f.aees. On May 22 he could sec 
well to the right but not to the left, and his sight improved gradually. He was reading 
normally three weeks tifter the injury. He had no hallucinations. He had a headache 
for five or ten minutes a d.ay at first, but after three weeks he had none, and ho was well 
c.xeept for his hemianopsia. This patient had ;i large bone fragnieal in the right occipital 
lobe. There was here nothing of the condition called “shell .shock” in spite of his close 
relationship to a shell explosion. 

jMany otliei' hi.storie.s eotild Ite given of .severe damage to the brain front 
close explosion xvithont indneing the phenomenon of “shell shock.’’ In one 
striking ease, a soldier recovered fully with bomb fragments still in his brain, 
and only after an interval of .some two montb.s, under tlie combined slre.ss of 
domestic worry and further bombing, he began to complain of the headaches, 
giddine.ss, inability to concentrate, and in.somnia cbaraetcri.stic of the condi- 
tion. If we turn to eases of nervou.s reaction with doubtful head in.inry from 
causes other titan explosion, we find also that the persisting nervous or emo- 
tional reaction bears no relation to the structural damage caused liy the in.jur.v. 

Case hi.stories of patients suffering from “traumatic neurosis’’ following 
closed head in,iuries of other kinds were then given. The development of the 
posttraumatie .sjmdromc of headaclic and emotional insiabilit.v was considered to 
he related either to reduced intellectual capacity due to the in.jniy, or to con- 
stitutional predisposition to neurosis. The symptoms in no way differ from 
those suffering from the effects of bombing. Eeturiiing to the condition called 
“.shell .shock,’’ we may see in it an emotional reaction to the catastrophe of the 



DKN’NY-nnOWX : 


SIIKLI. SHOCK 


fi 


f)] 


O 

•J 


explosion. If actual brain injury bas occurrefl, tlie .syurlroine may also appear, 
and tben may be determined in pari by the re.sidual cerebral damafrc. It must 
not be forgotten that an emotional reaction can occur on a basis of real reduc- 
tion of intellectual capacity. But the most characteristic ease of “shell shock” 
has no history of direct damage to the brain and 710 evidence of reduction of 
intellectual capacity. Tlie condition is c.ssentially one of ;inxiety nciu'osis and 
is be.st labeled so. The vei-y name “shell .shock” pi-edisposes cither to self-pity 
or to self-gloi'ifieation in the soldier and is a potent factor in peipetuating the 
condition. The gi'catest advance in the subject is the abolition of its old name. 

The amnesias following bombing ai-e usually patently of hysterical kind. 
The freriuent absence of time concu.ssion leads to investigation of the nature 
of the amnesia. Experiments wct-c cited to .show that tiaie concussion is a trau- 
matic pai-aly.sis of nervous tissue caused by accclei-ation. The change in motion 
of the head stinking a heavy blunt object, or being sti-uck by such an object, is 
veiy abi-upt. Small peneti-ating fi-agments of bombs or shells do not impai-t 
such acceleration to the head as a whole and thei-efoi-e cause little or no con- 
cussion. Similarly, the aii’-boi'iie force of an explosion, though veiy bi’ief, does 
not accelerate the head finite as rapidly as a solid mass docs, and so does 
not concuss. 

The violence of the displacement of the body and head by an explosion 
may cause concussion by flinging the patient against some solid object, but 
there is nothing niystei'ious or unu.sual in that. Secondaiy injui-ics of .skull 
and spine are common, and fat embolism of the bi-ain fi-om broken bones some- 
times occurs. The causes of death fi-om bombing injui-ies to the nervous .sys- 
tem are often complicated. Thus, people may be tiaily concussed by secondary 
injuries, and in any ease are likely to suffer fi-om the emotional distuf-banee 
that Ave call ti-aumatie anxietj- state, ti-aumatic ncu7-osis, or simply anxiety 
neurosis. Such a psychoncurosis pci-sists usually only in persons Avith p.sycho- 
neurotic constitutional liability. It is nece.ssaiy to assess the nature of the 
original injurA' and the degree of intellectual impainnent persi.sting if oi-ganic 
damage to the hraiiA is to be detemnined accurately. It is naturally of great 
assistance to have a good 7-eco7-d of the oi-iginal injuiy. Physicians and sui’- 
geons Avho atteiid the patient at the time of injuiy usually lack time to make 
acciu’ate notes, but any account of the patient’s condition Avhen he is first .seen 
is of gi-eat assistance afterwai-ds. Amytal is often of assistance in unraveling 
hysterical amnesias. 

With I'cgai'd to ti-eatinent, I might say that most eases of emotional dis- 
order Avill make a good i-eeoveiy Avith pei-suasion, discus.sion, and suggestion. 
In many, some abi'caction is essential. In sevei’c cases, usually Avith bad pei-- 
sonal previous histoiy, an extensive inve.stigation of their childhood anxieties 
is neeessaiy, and in this type of case it is A'ery difficult to get them back to 
duty involving explosions and bombing again. Fi-om the militaiy point of 
view, the patients who are likely to got back to duty usuallv do so after qmte 
simple ti-eatment. pi-ovided their ti-ouble is undoi-.stood. proA'ided thci'e is time 
to go into their stoiy and get down to the natnix* of their anxietie.s. Thev do 
not ixact Avell to faradie oi- simple suirgcstion. 
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Question: What is considered in hr. the. pathotoriji of a concussion? / was 
taught that in concussion there, was some shaking u]> of the, oicurnns, jwrhaps 
some disturhance in the microscopic structure of celts rerersihle in nature, so 
that bg the time, iheg got to post mortem nothing could be found. 

Answer: ]Mo.sl. pc()i)lt,‘ like to piciuro .soino liislolofric.-il c)iiin"c in llieir minds 
when they think of concussion. But tlio.re is no known histolo<ric.al chaiiec. Tliat 
docs not moan tliat it does not exi.st, but ivitJicr we prefer to descril)e it as a 
disturbance in function. Concussion is traumatic ])aralysis. It is rapidly 
I'cvcrsible. It is unlikely that any .stain will show sneh a rapidly reversible 
change in nerve cell.s. 

Question: Is the incidence of .shell .shock as great in this conflagration as it 
was in the last — 1911-igjSI 

Answer: It is very difiicult to get any statistical evidence. For one thing, 
it is listed under anxiety state or traumatic neurosis or brain injury (wiicii 
such exists). Patients are scattered in numbers of liosj)ilals so that few see 
many together at any one time. Init 1 siiould say my impre.ssion is that it is 
just as conunon as it was in the last war. On the other hand. 1 am .satisfied 
that the avoidance of the name of “shell shock'’ ami the treatment of the con- 
dition as a neurosis has resulted in the reduction of the number of ea.ses with 
persistent disability to a very small number. 

Question: If .seems to me that it would he guile difficult in your treatment 
to gauge how ejuickly the patients .shoidd go hack to duty, hecenise if it is a ease 
of concussion, they arc lieihle to necel a very prolonged rest before they take up 
their duty, whereets if it is not a concussion but due to neurotic features, they 
would get bock to duty rather ejuickly. Is not that a difficult point to decide? 

Answer: Yes it is, beeau.so it is impo.s.siblc to l;iy down a hard-and-fast rule. 
Each case has to be judged on its own merits. When the patient starts getting 
up and having headache.s, it has to be decided then whether lie is attempting too 
much after a real brain injury, or whether he is becoming nervous. The most 
important single index of .severity of brain injury is the duration of the true 
amnesia. If retrograde amnesia occurred, the jiosttraumatic amnesia was a 
true concussion. 

Question: Do you think it is possible to pick a soldier who is not going to 
have a traumatic neurosis? 

Answer: Of all patients who are still .suffering from traumatic neurosis 
more than six weeks after they arc injured, the number who have a bad family 
history or previous history is very high. The proportion with abnormal elec- 
troencephalograms is also very higli, but they are not always the same group. 
Some have normal encephalogram and poor family history, and vice versa. 
Some have neither abnormality. It is unknown how many with equally bad 
histories fail to become casualties in spite of abnormal stress. That would be 
an important subject for study. 



ALCOHOLISjM in military service 
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A LCOHOLISjM and drug addiction among men in military sen-ice are usu- 
. ally concealed and thus are subjects one can approach only indirectly. A 
direct approach to them is doubly difficult, because it requires consideration of 
the -whole personality of the men in service. Two contrasting extremes come to 
my mind when I think of the alcohol addict or the drug addict in military service. 
First is the picture one sees when the band begins to play and the regiment is 
out on dress parade. No one would think to see the stalwarts marching past the 
grandstand that there could he one drunkard in the entire outfit. The other 
picture is the one that the psychiatrist sees years later in the hospitals of the 
Veterans’ Administration. As you know, many patients are admitted there 
on account of alcoholism or drug addiction. Somewhere between the parade 
ground and the Veterans’ Hospital, alcoholi.sm and drug addiction become a 
problem. 

A considerable number of the patients admitted to Veterans’ Hospitals are 
ex-sennee men whose illness has been diagnosed alcoholic psychosis. A smaller 
number of men are given either the diagnosis psychosis due to drugs and other 
exogenous toxins or without psychosis, drug addiction. The early stages of 
these conditions may not he obvious when men are in camp or on maneuvers, 
nor are thej^ a prominent feature among the neuropsychiatric conditions en- 
countered in actual combat. But, when the war is over and men are depend- 
ing on their sendee record for ho.spitalization, a substantial number of cases of 
alcoholism or drug addiction -will crop up expecting care for the rest of their 
lives. How did these men get into the sendee, assuming that they brought their 
problems \vith them, or how did their problems develop in sei-vice? How is it 
legally possible for them to claim sendee conditioning or sen-ice precipitation 
of their difficulties that arose aftenvards? 

First, one may consider the men who are already addicted to the excessive 
use of alcohol or drugs before they enter the Army. In the first "World War 
men were taken into military ser%dce very rapidly. If they had a neuropsychi- 
atric examination, it Avas often rather sketchy. Some might say that is still 
true. But neuropsychiatric entrance examinations are more complete today 
than they were twenty-five years ago, although sometimes a neuropsychiatiist 
still has only a veiy few houi-s in whicli to examine twenty or thirty applicants 
for military service. In doing this work, anyone can make a mistake, and ivhen 
one is in a hurry, it is easier than usual. To prevent this, the time alloived 
for the examination of each ease should bo longer, and the form of the exam- 
ination should be amplified. 

Reprinted from Tiie Militarj* Surgeon 91: 29 (July)» 1942. 
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Even ihoiifrli Uh; cxiiminjitioi) iiuiy coinply Avitli llio strict limits of the 
military forms that arc filled (ml, it is still jjossihle for a "ood many alcoliolies 
to set into military service. Tliere is no exact way of ])rev(mtinfi tliis at the 
present time. Tiieoretieally, the alcoholic is not "ood material, hut occasionally 
one makes an adcvjnate soldier. Hut loo many alcoholics are not <100(1 for the 
Army, the (leneral (trant tradition to the contrary not withstatidiii',;. I wish 
someone would decide wiietlier or not the Army is "ood for the alcoholic. It 
ma.v be i)o.s.sible tlmt some of the fadoi-s wliich have precii)ita1('d aleolioli.sni in 
an individual ease may he alleviated by military life. On the other hand, mili- 
tary routine may a<j:',xravate the alcoholic t('n(lenci(‘.s of some individuals. Tlic 
Army, of eour.se, is ])rimarily a functionin'^' defensive or offensive unit, and 
hence can concern itself only s('eondarily (if at all) 'vith the therapeutic ad- 
vantatres of Army life for the individual. But. since the Army is made tip of 
grou])s of individuals, tln'ir welfare in Army life becomes an essential part of 
the mechanics of the Army. The benefits a man <,;ets from Army life depend 
on his own pei'.sonality. the nature of his woi-k, the way he is handled hy hi-s 
suiierior officci-s, and the vicissitudes of military life. 

Today when men are bein" examined for the Army, there is a careful ehcck- 
in<,r of outside sources in an effort to obtain .some information about the man’s 
personality and habits. The ])roblein still remains. “ITow can the alcoholics 
be excluded from service?’’ In some ca.ses a careful ne\irolo<iical or jisychiatrio 
examination jiives little evidence of latent alcoboli.sm. beeau.se if the alcoholic 
individual eats and exercises ade(iuatcly, he may not show the physical efiects of 
heavy drinkin<,r. Even if the examinin'' officers communicate with the parent.s, 
the teacher, the minister, or the postinaslor. a )>re.iudiced o))inion may be re- 
turned in favor of the man, especially if the family wants to tret rid of him, 
or if he wants very much to tret in the Anny and they feel that enlistintr is the 
only way out or is the best way to save his face in the community. These at- 
titudes atrtrravate the situation and work to the detriment of the trovernment. 
i\Iany people tend to feel that if a man does not fit iii anywhere else, he can 
enlist in the ^larinc Eorps or tro into the Army or the Navy, and that then he 
will be Uncle Sam’s ])roblem. Uertainly he will then no lonirer be the problem 
of his own family or the oul-i)aticnt clinic or the social service department of 
a ho.spital. People have come to me a.s a i)rivate phy.sician to ask me to irive 
favorable recommendations to s(deetive service boards concerninir ne’er-do-wells, 
latent or patent alcoholics, and various lype.s of ])sychoi)atlis who, in all prob- 
ability, would ad.iust themselves no better in the Army than they have done in 
civilian life. I am sure that many other physicians in the United Stales have 
had similar requests. The public must learn that the qualifications for succc.ss 
in the Army are essentially the same as those in aJiy other profession. Stable 
and matui'C persons are needed. It may be a fact that durin<r the Napoleonic 
wars .iust anybody was flood enough for the Army and was welcomed there, llie 
fellow who got a girl in trouble and had to leave town, the ])oacher avoiding .I’ail, 
and the criminal who did Jiot dare .show up again at homo. Those men made a 
motley gang that was good enough for Boncy, but that is no longer true today. 
Our Army is reorganized. It is streamlined. It is scientific, and it is psycho- 
logical. It ivanis and it imist have the best. A militai’v life is not good .shotgun 
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therapy, and the Army, Na\y, and ilarines do not want psychopaths, alcoholics, 
and neurotics, or persons with behavior difficulties. It is going to take some 
time before these points can be made clear to the public, but if that can be done, 
and if the present standards of admission can be rigidly enforced, twenty years 
from now there may be fewer derelicts suffering from the end results of chronic 
alcoholism and drug addiction in the Veterans’ Hospitals of 1962. 

"Wlien I speak of alcoholism in the sermce, I do not mean the kind of drink- 
ing seen when the American Legion is in tomi. That is something different. I 
would distinguish that as being a healthy kind of “blowing off steam,” something 
that does not occur veiy often. In fact, it occurs only during the Legion Con- 
ventions. I realize that when the Legionnaires meet annually their emotions are 
very strongly stirred by convening and the recollection of old times. Generally 
speaking, the Legionnaires are not the tj'pe one would define as alcoholic. 

The alcoholic has been variously desenbed as a man who cannot get along 
with liquor and wdio cannot get along without it, or, he is a man who lets liquor 
run him rather than controlling his liquor. The alcoholic is a pei-son in Avhom 
alcohol acts as a poison ; he docs not react to alcohol (physiologically) as a normal 
man reacts. He is a person who drinks to a degree that interferes with his work 
and home life. A final definition of an alcoholic is one who cannot stop drink- 
ing. These are all practical definitions; they are not scientific, but a jury would 
know what is meant by them and would understand the thread of common mean- 
ing that connects them all. AVe must use such definitions as these until more 
basically scientific facts are discovered. If an underlying ba-sis for a definition 
can be found, it will probably contain some of these central ideas. 

The problem of alcoholic addiction in militaiy life is a good deal like the 
problem of alcoholism in busine.ss. If you a.sk a business man if alcoholism is a 
problem in his firm, he will say, “Certainly not. A.s soon as a man .starts to 
drink, we fire him.” But, if you say, “How many men have you fired during 
the Ia.st ten years for alcoholism ?” he may be able to locate in his records a fairly 
large number. 

In general, when alcoholism occurs in the Army, the drunk gets put into the 
guardhouse and is punished or discharged. The handling of him depends on 
the way the men live and on his rank, as well as upon other pemonal factom. If 
an officer becomes alcoholic, usually his friends take care of him, or he may 
he put at a post wiiere he is not too important. Or he may not be advanced, or 
he may be retired prematurely. This occurs through the internal mechanics of 
military administration. In some instances, however, when aleoholi.sm is acute, 
the individual is put into a liospital for obseiwation and treatment. Alcoholism 
is accepted as one of the drawbacks inevitable in an impci-fect world. Howeve?-, 
some consider that exce.ssive drinkinc in the ranks is an index of poor material 
or low morale, and that the best po.ssible way to prevent poor material from get- 
ting into the service is by rigid entrance examinations and by scrupulous follow- 
ing up of the qualifications for admission to service that are already in opera- 
tion. This applies to officei-s as well as to enlisted men. 

Excc-ssive drinking amoncr enlisted men creates .several difficult problems. 
Tbc.se problems are not simply administrative or merely medical, they are 
basically psychiatric in their nature. Recently. I heard an officer di.scu.ssing /his 
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matter. He said, “Yes, heavy drinkiii" aiiioiifr soldiei-s is a i)i'oI)Icm, parficu- 
lai-ly -wiien you liave )ar"o mimhei's of men wlio are not actively occupied most 
of tlie time. Under certain unfavoi-able condition.s, it can become .seriou.s, but 
a lot can be done in a con.struetive 'U’ay to control it. Where there arc few troops 
it is u.suall.v not much of a jiroblem. In freneral, it can best be handled in the 
following manner; Fii-st of all, military police arc i)ut on and the pcnaltie.s for 
drunkcnnc.ss are increased. Second, arrangements arc made to give the enlisted 
men the use of facilities for recreation ;ind diversion, such as swimming pools, 
tennis courts, bowling alleys, etc., through clubs and social gi'ouj)s; and dances, 
partie.s, and picnics arc iilanncd. We found tliat the more we saw to it that 
the fellows had a fairly good time, the Ic.ss difbculty they had with the .sort of 
desperate and de.structivc drinking that militaj-y men .sometimes go in for.” He 
added, ‘‘It ended with our enlisted personnel having better opportunities for 
recreation than the officei-s had. but the ollicers didn't object, beeause they 
thought the results were worth it. On the whole, it was a very good .solution. 
Of coiu-se, it would be diffci-ent under conditions of actual warfare.” 

Other ollicers who arc familiar with di.scii)linaiy and rcci'ealional prohlem.s 
in military service corroborate this point of view. 

In general, the men who cannot adjust thcm.sclves in military life and who 
succumb to e.xecssivc drinking arc probably the same kind of inadequate indi- 
viduals for whom some a.ssistance and supervision have to be dcvi.scd in civil 
life. And often the type of help needed by inadequate and alcoholic indi- 
^^duals in their efforts toward emotional and soci.-il adjustments Jii-e more than 
the ordinaxy civilian or military commtinity alone can a(l’oi-d. 

In the fii’st World War these pi-oblems were beginning to be recognized. 
Now recognition is more widespread, and more of an attemj)l. is being made to 
deal Avith them today than xvas made in 1917. The fii’.st emphasis is now being 
put on preventive measures. Yet, a .satisfactory approach to these issues re- 
mains a partially unsolved pi'oblem in military life. When the first World War 
began, in April, 1917, there xvas no question about Avhei’C things wei'C heading. 
There had to be an all-out pi’cparation for action, and the nation fell into a 
frenzy of the most patriotic and strenuous military effort this country had ever 
loioAvn, After a relatively .short period of training, men were shipped immedi- 
ately abroad and action xvas quickly foi-thcoming. All was c.xcitcmcnt and 
actmty. The problem of undrained emotional enci'gy among the ti'oops xvas not 
so severe as it has been until the dcclai-ation of the present war. Now xve are 
I’eally in a shooting war xvith a large and growing Army. The general staff is so 
busy equipping and training men at this moment that it cannot be expected to 
look after the individual emotional pi’oblcms of service men. At the moment, 
this is a civil problem and has to be handled bj*^ communities, not only through 
the U.S.O., but through eveiy community organization. Great progress has 
been made in the last six months along these lines. Until war has been actu- 
ally declared, in some communities men in uniform ai’C discounted socially. 
After the declaration of Avar, lioAA'eA^er, their stock goes up as war tension lases 
and the public begins to appreciate soldiers and sailors. Civilians in any com- 
munity, AAuth relatively slight effort, can do a great deal to turn the interest 
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of enlisted men away from the inadequate and destructive tj-pes of amusement 
and drinking that men in uniform sometimes fall into when they are on leave 
or liberty. Until such effort is made l)y cmlians and community organizations 
to provide normal entertainment, excessive social drinking is apt to continue. 
The alcohol problem in military service is essentially an emotional or personality 
problem, just as it is in the civilian life, though it is also directly related to the 
release of unspent energy, in recreations and diveimons carried out by indi- 
rtduals or groups in sports, games, dancing, and aU social activities. Although 
social measures do not get at the roots of the alcohol problem, I believe that 
95 per cent of the men who drink too much while on leave, for example, would 
accept nonalcoholic entertainment just as easily. For that matter, alcoholic 
entertainment (in moderation) in a wholesome setting would be much better 
for them than drinking alone. Not alcohol, but the intemperate use of alcohol, 
is the problem in the ai-my as well as in civilian life. People have asked whether 
or not beer should he sold near militarj' posts. I, for one, think emphatically 
that beer should he sold and that drinking in moderation should be encouraged. 
Recreational facilities of all sorts are essential to men undergoing the strain of 
preparation for military life. Of course, someone udll point out that this brings 
up the sex problem, but the United States Public Health Service is learning how 
to handle this quite adequately. In spite of progress, we shall always have with 
us the sporadic critic or the fanatic who will complain if a soldier off duty has 
a ten-cent beer or puts a nickel in a juke box. 

One of the most important aspects of Army life is the relationship between 
the officers and men. I believe that one of the most effective approaches which 
a professional man can make to any situation is the psychotherapeutic or 
melioristic approach. This can be used whether one is a doctor, a lawj'er, or 
an officer. This approach aims at establishing confidence between individuaLs 
and encourages the best possible outcome of the situation. This point of view is 
well-known to physicians in their woi'k with neurotic and psychotic individuals. 
It has found a concrete expression in the mental hygiene movement, which con- 
solidates the psj'chological findings of psj'chiatrists, physicians, social workers, 
and lawyers. This information is now available in a form that can be applied 
in the home, the school, and the community'. There is no reason why some of 
the basic principles of mental hygiene should not also be applied in military 
life. Hen learn a great deal from military semnce that they could not learn at 
home or in school or in the community where they have lived. A military pro- 
gram can and should include constructive outlets for the energy- of the soldiers 
to balance the necessarily de.struetive aims of warfare. There is no rea.son why 
along with their other duties officers should not understand and use the prin- 
ciples of mental hygiene in their work. Essentially that is exactly what a good 
offieer does. If a soldier looks hack through his militarj- e.xperience, he -will 
remember some officers who were outstandingly capable, constructive, realistic, 
and fair, and were a good influence generally on the men under them. In mili- 
tary life, as in civilian life, the influence of the superior personality is a verv 
powerful force in molding morale and directing poliev. 

The problem of draining emotional energy- for many soldiei-s is not com- 
pletely taken care of by physical work and military drill. There are a great 
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many men wlio <]vil] all day. fall mil, I urn in, and llial is all llicro is to it. Bui 
there are also in service men who have a su)»eral)undance of ener.'r.v. Work does 
not exhaust them, h’urtlu'rmore. there is a misfdiievous who seems coiu- 
pellcd to "o out and have some adventure once in a while, to f>ct into trouble or 
gel drunk, or do sometliing exciting. Ivven ho is not basically the alcoholic type. 
Tlie soldier who occasionally gi'ts tlrunlc and gets ovei- it is not the one I inenn 
when I speak of the alcoholic. 

I believe the alcoholic is distinctly a sick ]ier.son. a man with a sick or ab- 
normal personality, llis ]H'r,sonality is far more unstable and more imniatiire 
than the average. ITe stands out as distinctly diffei'cnt from his fellows. Ife 
ma.v be the kind of nialad.iusted .service man who is chronically coiiiiilainin". 
who tends to blame others, who “can't taki* it,” and he may show what flic 
p.syehiatri.st calls “jiaranoid tendencie.s.” There an* a few ertizy peojile in the 
Army who get along perfectly well. They tight and go through campaigns; oc- 
casionally one ma.v become a hero, lint there is al.so the kiinl of per.son who 
never gets along anywhere very well. We have to fall back on that overworked 
word psjichojxifh to de.scribe him. The ah-oholic and the drug addict are re- 
cruited from the ranks of tin* i).sychop;iths. We have said that alcoholism i-s 
an illne.ss; it ma.v also be considered the symptom of an illne.ss. By that I mean 
that alcoholism is a disturbance, a smoke screen, covering an underlying jier- 
sonality disturbance. To call it a disease is merely a simple way to aerjuaint 
people with the fact that we I'calize the alcoholic is a sick ])(>rson. 

If you .study an individual alcoholic, it will be aiiparent Jiis .sym])toms go 
back to his early life. I should like to tell you about one jmtient with whose ea.se 
I am familiar, lie is a man who has been committed now for about twelve years 
to a Veterans’ Ilosiiital. I am using his ea.se as an examjile, because it illustrates 
several important points. The patient is now 4!) yi*ar.s old. I'drst his illness was 
diagnosed alcahaUc psiicliosis, but after he had been in the hospital for a few 
3 'eaz's the diagnosis was changed to drminlia praccox, paranoid type. He was 
born in New lOngland and was an only child, who.se father died when he was four. 
He graduated from college with high marks and was engaged once, but Ids 
fiancee .lilted him. lie served abroad with the Arm.v of Occupation. He al- 
waA’s draidc a great deal and became drunk fre(piently, but he managed to gel 
b.v because his friends covered up for him very well. lie was known to have 
drunk to excess on several occasions before he was di.schargcd. Once he was 
called before a ncuroiis.vehiatric examining boai'd (shortl.v before his discharge), 
at which time a p.s.vchiati*ist saw him and made a note in his record that the pa- 
tient had a psj'ehopathic iiei’sonalit.v with ]jaranoid tendencie.s. After discharge 
from the Armj' he went back to work but did not get along vcr.v well. He began 
to drink excessivcl.v and got into several brawls. About 1925 he began to 
develop the idea that he had invented an electric machine that would do an.v- 
thing. Then he began to feel that people were Ir.ving to steal it and that ho ivas 
being persecuted, h^ollowing this, he was committed to a private hospital for 
a period of study. At this time, the clinical picture was complicated bv his 
drinking and bj' neuritis and other s.vmptoms clue to cb'ugs he had been taking. 
This cleared up and he was released. Later he got into the same kind of trouble 
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a.Raiii, and lids lime was committed to the Veterans’ Hospital. V'hen I spoke 
with his mother about him, she said that he was very sensitive as a little boy. 
He was overidealistie, pcrfeetionistic, and he did not get along well M'itli chil- 
dren his own age. He did get along very well with older people. She said 
he was always timid and that he was afraid of men, and he was also very reserved 
with girls. She could not get him to go to dancing school. He had a good deal 
of trouble with bed-wetting until he was 8 .veal’s old, and after that masturbation 
was a severe problem. Once she took him to see a child psychologist on that ac- 
count. AVhen he went to college, the .school authorities reported that he was one 
of the men who was always drunk at any dance or social gathering. He ivould 
often get so drunk before a party that he would not even get to it. He "would 
occasionally take a girl to a dance, where he would get drunk or start a tight, 
and somebody else would have to take the girl home. He was seclnsive and not 
very popular socially. Out of a class of 100 men, be had only one close friend, 
who also drank heavily. His military service record was not remarkable. After 
the war he developed a frank psychosis. 

I have taken as an illustration a man who started out "^rtth alcoholism and 
developed a definite psychosis. Looking back, I do not think anyone at the 
beginning could have said that this man was normal or that he was well. He 
was a problem child, a difficult adolescent with many neurotic traits, and prob- 
ably had a deep-seated neurosis, which slowly developed, "with social deteriora- 
tion, finally resulting in the complete brcakdomi of the indirtdual. VTiether al- 
cohol was the cause of the breakdo"\\m we do not Icnow, but it was an important 
precipitating factor. Alcoholism combined unth paranoia is u.sually a precursor 
of permanent mental illness, as turned out to be the ease in this instance. This 
man has not responded to any of the efforts made to treat him. He turns his 
back on anyone wiio comes near him. He never speaks but .just closes his mouth 
and sits. Occasionally he is violent and combative. 

The re.sults of attempts to treat the chronic alcoholic addict have not been 
very encouraging. The different foi-ms of shock treatment have been tried with- 
out much effect. It is very difficult to say just what the alcoholic is or how he can 
best be approached for treatment. Usually the alcoholic individual may be 
cla.ssified with the psychopathic or the borderline group, though in some in.stances 
excessive drinking is a symptom of an actual psj-chosis. IMany alcoholics for a 
long time appear to be neurotic individuals going through severe conflicts. They 
drink to escape their conflicts and the rc.sultant nervous tension. 


Wlien a man drinks, the physiological and pharmacological cft’cefs of al- 
cohol are very definite. First, alcohol cntei-s the blood stream vem* rapidly 
through the stomach wall. Some of the alcohol is .stored in the liver. It is be- 
lieved timt this fact may partially explain why some people can hold their liquor 
and othci’s cannot. Tolerance may be an expre.ssion of liver function. For many 
years. Hr. Timothy Leary, at the Boston (’ity Hospital, has studied cinbosis of 
the liver in eases of eiironic alcoholism, where it is a very common finding. He 
reports that the subject needs further slnd.v. One mvfi]sw>r point is that cir- 
rhosis of the liver is sonu’times found in per.sfms who Imve never touched alcohol. 

Next, alcohol passes into the si>inal fluid by which it comes direetlv in con 
tact with the nerve cells. Once it was believed that a man who had a ceifain 
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amount of alcoliol in his l)loocl was drunk, and if he liad more, he was more drunk. 
This, of course, is true within f^cneral limits, Init more careful study of alcoholic 
individuals lias recently shown that one can take a drink and begin to get 
“tight,” at a certain blood alcohol level. Then, when the blood alcohol level, after 
further drinking. rLsc.s, instead of gelling more drunk, the individual .seems to ad- 
,iust himself to it mentally and may aiipear more .sober. Thc.se observations need 
to be explained. Learning jdicnomena is not .suflicienl; there may be some- 
thing more, something jdiysiological to this reaction. These findings may limit 
the value that up to now has been found in “drunk metci-s” and alcohol breath 
tests, but this should not entirely destroy their use. Legally, blood and breath 
alcohol tests are .still valid, subject to intorprelalion.s, and they are far better 
than nothing. 

Dift'ercnt tissues, .such as muscle and brain, apparently oxidize alcohol at 
slightly difi’erent rates. For examjde, a laborer may get over a drunk fiuicker 
than a brain worker, because he may burn it up in physical excrei.se out-of-doors. 
Furthermore, the oxidation rate of alcohol in the body may be somewhat altered 
by certain drugs, for example, dinilrophcnol derivatives, and possibly benzedrine, 
though the evidence is not final. It is possible that some day a drug may be 
found that will alter the oxidation rate of alcohol in the human body in a way 
that may be therapeutically useful, though at present the available drugs are too 
toxic for therapeutic use. The factoi's that influence the lowering of the blood 
and spinal fluid alcohol content arc all-important physiologically and need to be 
studied much more intensively, fi'enerally speaking, the blood alcohol level in 
an individual is the result of two factors, the amount of alcohol taken in and the 
body weiglil, since alcohol is di.s.solved in all body ti.ssues about equally. For 
example, if you lake two men, one who weighs 250 lbs. and another who weighs 
125 lbs., and give them the same amount of alcohol, the man who weighs 125 lbs. 
will have a blood alcohol level about twice as higli as that of the man who weighs 
250 lbs. 

The next point to mention, when speaking about the effects of alcohol, is 
this: There is no evidence that alcohol inerease.s human efficiency, except pos- 
sibly momentarily. As the blood alcohol level lises, efficiency of the nervous .sy.s- 
tern and performance gradually are reduced. From elation, drinking can lead 
to coma. Although we speak of getting “light,” we really get “loose” when w,c 
drink, because the basic action of alcohol as a narcotic drug is to depress the 
higher centers and release the inhibitions. There is a vast amount of misinforma- 
tion about that one point. Forty or fifty years ago, iihysicians were taught that 
alcohol was a stimulant, and it is often listed among stimulants in old textbooks. 
Actually, alcohol acts as a depre.ssant in its effect, on the nervous system ; the only 
.stimulation alcohol affords is to the taste buds of the tongue and the mucous 
membrane of the throat. 

Prom the point of view of militaiy efficiency, this is significant. j\Iany years 
ago alcohol had a very important part in the military diet. It has been served 
as grog in the Navy. Rum rations were given to Continental soldiers. Sam 
Houston is said to have fought most of his Mexican campaign on rum, and at 
the Battle of New Orleans it is said that Andrew Jackson was so weak (after a 
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streiiTiovis itiarch.) lie had. to be helped up on his horse at first, and that before 
he could lead his men, his attendants gave him a mug of whiskey to drink. But 
the best information about the modem Army is that aleoobl plays no official 
role in warfare and is excluded from actual maneuvers. It has been reported, 
for instance, that the Nazi troops in active campaigning are not allowed any 
alcoholic liquor in any form, and that the picked troops who invaded France in 
]\Iay of 1940 were, for the most part, men who had been on a military training 
regime more strict than that of any football teams in our better universities. If 
this is true, it may be verj^ significant. It may mean for aU armies now that 
under serious military conditions the amount of drinking that is permitted may 
be greatly restricted or practically nil. 

In summary, however, man’s nature is not apt to be basically changed, even 
by warfare. In whatever form alcohol may be provided or available as a bever- 
age, and whatever its effect may be, considered from the realistic point of view, 
it is present and is accepted as a part of life, along with food and drink, and the 
fact remains that for the great majority of the civil and the military population, 
alcohol does not constitute a problem of serious importance. The individual with 
alcoholic tendencies is the exception rather than the rule. What is important, 
however, is that drinking in moderation be encouraged or emphasized. Personal 
repressive and restrictive measures are basically of little use, since they fail to 
get at the roots of the problem. It is also important that reasonable and whole- 
some facilities for relaxation and recreation be provided men in military life. 
And, what is most important, that further effort be made to discover and under- 
stand the tjTpe of indmdual who is inadequate, who tends to drink to excess in 
the escapist, addictive, or destructive patterns, and to keep him out of the armed 
forces of the nation. He vuU still exist, of course, and will stiU remain a prob- 
lem for the community to deal udth, but his future is not as hopeless as it once 
was now that physicians are more clearly realizing that the alcoholic is a sick 
person and that he was sick before he began to drink, and that he is sick between 
bouts when he is not drinking. His illness can be further defined as a deep- 
seated disturbanee in his personality, a long-.standmg difficulty, a maladjust- 
ment in his emotional or in his social life, sometimes the expression of an inner 
problem, or sometimes the result of an external situation in his life. In this 
sense, alcoholism can be' regarded as a sjunplom, or as a smoke screen, for that is 
what it alwaj-s turns out to be, when the indimdual is studied and an effort is 
made to treat him. About this basic disturbance of which alcoholism is the 
sj-mptom, physicians know as little today as was known about dial)etes forty 
years ago. By analogj", it is as important to keep out alcoholics of the armed 
forces, generally speaking, as it is to keep out diabetics. That is what physicians 
and neuropsychiatrists at the present time are tiu'ing to do. To .some extent they 
arc successful at this task, and to the extent that they are, there will be just that 
many less alcoholic derelicts and drug addicts to be eared for in government 
liospitals in the future. The men who are excluded, however, will probably re- 
main in the community and will probably continue on a destructive or dis- 
integrative path, as disturbed individuals without treatment usuallv do, but 
even there they are not being ignored. .:\n effort is now being made in some 
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conimuniliL's to study and trout tlioso individtuds witli lliouim of provoiitiii^: ulco- 
holisiii. Tliis cn’ovl is hiisod on the idoa tliut tlioy arc sick, and that tiioir sick- 
ness is accessible by tliree well-known avonnos; cliomioal, ])syelio!o<;ica], :nul so- 
cial. It is believed by those wlio are oarryint; on this work that the met hods of 
science and a modern tu'oyiv.ssivo and Immanistio approacii will not fail in time 
to produce worth-while i-esults in terms of more satisfaction and nscfnlnc.ss for 
the alcoholic, and the reduction of nnnece.ssary psychic suffering; on the part of 
the alcoholic individual and those who are dependent on him. 


AN ACUTE RESPIRATOIJV IXI-'ECTIOX RESEMItLlNC .SO-CALLED 

ACUTE I’XEU.MONITLS^ 


A Ria'oirr of -It) Casks 

iiiF.FT. Com. Lf.Roy 1L DiaiUAN. M.C., U.S.X.R.. and 
Lrt:t'T. Wn.iAAM L. Powfh.s, M.C.. U.S.X.R. 

D URIXO the months of .hinc. .Inly, and Auirust of 1!)41, the dej)artment of 
medicine at the Unilc<l Stales Naval Hospital. Coi'pus Chrisli. Tex., ob- 
served an acute infectious disease of the respiratory tract with unusual path- 
ological changes in the lung. 

Thei’c were 112 admis.sions with acute respiratory infections during this 
period, and the present stinly is base<l on 40 cases with thi' above unu.sual lung 
findings. Tlicse imlients were young adult membei's of the United States naval 
military service and were between the ages of 17 and 2(> yeai's. 

Ca.scs which ap[)arently simulate these have been rei)orted during the pa.st 
several years in the Uiuted .States ami foreign couiitrie.s. e.g.. England. France, 
Hawaii, and Spain. 

The disease differs from tlie familiar forms of lobar pneumonia caused by 
pneumococci and from the usual types of bronchopneumonia caused by hemo- 
lytic streptococci, stai)hy!ococci. and other organism.s. In the majority of the 
eases reported the cour.se of the infection is eharaeterized l)y an insidious omset 
with minimal respiratory and mild constitutional .symi)foms. At the onset 
there are no definite abnormal physical signs and the leucocyte count is normal 
or only slightly elevated. Within 4S hours a roentgenogram of the chest .shows 
a small area of pulmonary con.solidation usually located at the ba.se of one lung. 

This disease has been described liy a variety of names, e.g.. as acute influ- 
enzal pneumonitis,'’ acute pneumoniti.s,' atypical pneumonia.'’’ acute inter.stitial 
pneumonitis, atypical bronchopneumonia.” peribi-onchial pneumonitis,” and 
adolescent pneumonia.® 

In 1934 Gallagher reported a series of Iti eases with what he termed ado- 
lescent pneumonia and which had many characteristics very similar to this 
clinical picture. Howen, however, was apparently the first to suggest that this 
infection might be a new disease entity when, in 1935, he de.scrihcd an outbreak 


•Reprinted from the F. S. Nav. Med. Bull. 40: Gal (July), 1912. 
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oecuiTinsi among Army tvoops stationed in Hawaii. In 1936 Allen, at Fort 
Sam Houston, Tex., reported a series of 50 eases Avitli acute pneumonitis. In 
1937 Scadding, in England, reported a group which he called disseminated 
focal pneumonia. In 1938, 1939, and 1940, sporadic cases and minor epidemics 
were reported in the United States and England. These outbreaks were Avidely 
scattered in this country, with isolated eases and minor epidemics being re- 
ported in Peiin.sylvania, Oregon, Texas, Xew Tork, Minnesota, Ohio, Delaivare, 
ilaryland, California, and [Massachusetts. In 1941 small epidemics were re- 
ported from widely separated points in Texas and Oklahoma. 

The majority of these reports describe cases very similar to those Ave haA’e 
observed in our series. IIoAvever, those described independently by Cass in 
1936 and Reimann in 1938 had more marked constitutional .symptoms than 
those we have seen. Also the series reported by Reimann and Haven in 1939 
differed in that those cases associated with abnormal pulmonary changes had 
severe constitutional symptoms and those having mild symptoms similar to our 
cases had inflammatory changes in the upper respiratory tract. Symptoms due 
primarily to inflammation in the upper re.spiratory tract were not an important 
or frequent finding in our eases or in the majority of those reported by other 
workers. 

At the present time there is considerable speculation as to Avhether these 
cases represent a separate disease entity caused by some type of filtrable mius 
or are simply atJTiieal bronchopneumonias caused by one of the u.sual type.s of 
bacterial organisms. Since these cases occur largely in previou.sly healthy 
young adults, Lyght and Cole have questioned not only that this infection is 
tjqiical for this age gi'oup and tj-pe of individual, but also that it is a ncAV or 
separate disease entity. They call attention to the fact that the concept of 
pneumonia, as a disease entity, can no longer be restricted to a Avell-defined 
clinical picture because both the nature and severity of the infection are .sub- 
ject to too many variables. It was their opinion that the concept of pneumonia 
should be broadened to include the tATie of case under discussion. 

Although the etiologj- of this disease is still in doubt, the prevailing opin- 
ion seems to be that it is caused by some tjqie of filtrable A’ims. There is some 
evidence to support this view as shown by the folloiving. e.g. : 

1. The contagiousness of tlie disease. 

2. The inability to demonstrate reactions associated with any known pathogenic bac- 
teria either by culture of the sputum and blood or by other laboratory' procedures. 

.^. Failure of the infection to respond favorably to sulfonamide chemotherapy. 

4. Work of Horsfall and. Weir and Stokes and Francis with recovery of a viru.s and 
production of pulmonary consolidation in animals. 

.Stokes and Francis obtained an unusual virus from the nasopharyngeal 
washings of one of Reimann 's patients and from the blood of another. It was 
virulent for mice and caused pneumonia and encephalitis about 2 tveeks after 
inoculation. However, they were unable to do serological tests because of the 
loss of the agent and. therefore, were unable to establish a eau.sative relationship. 

-Mthough Horsfall and Weir were not able to infect a variety of animals 
by intranasal inoculation with throat washinirs from a numlier of elinicaliv 
lypieal cases, they were successful in transmittiinr the infection to the wild 
mongoose. They succee.led in recovering a virus which on inoculation pro 
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clncecl pulmonary consolidation in the animal, lloallliy monpooscs placed in 
contact ■with infected mongoosc.s developed pnlniojiary consolidation. The 
virus was neutralized by tlio scrum of monpooscs convalescent from the infec- 
tion but was not neutralized by normal monpoosc scrum. Serum of human I)e- 
ings convalescent from acute pneumonitis also neutralized the virus, butsennn 
obtained from the same persons during the acute phase of the di.scase failed 
to do so. The viims was filtrable through Bci-kcfcld Y. and N. Candles, Avas 
not inactivated by glycerin or freezing and drying in vacuum, and was propa- 
gated for at least 30 serial passages on the chorio-alinntoic membrane of the 
developing chick embryo. It was the opinion of the authors that virus is the 
cause of so-called acute pneumonitis in human beings. 

Enders, Sullivan, Hainmon, and i^feakins of the Department of Bacteriology, 
Harvard Jlcdicjil School, attempted to demonstrate an etiologic agent by the 
inoculation of mice, rabbits, guinea pig.s, ferrets and macao mulatta Avith blood, 
sputum, and nasopharyngeal Avashings from 11 patients in l^Iurraj^’s series of 
case.s, but Avere unable to produce any recognizable pathologic changes in any 
of the animals. 

The pathology of this disease is limited to the findings in one fatal ca.se 
Avhieh occurred in Knccland and Smetana’s series at the Presbyterian Hospital, 
Ncav York City. The microscopic features of the pneumonia Avcrc characterized 
by a mononuclear coll e.xudate in the pulmonary alveoli and an acute pulmo- 
nary vasculitis. IIoAvevor, none of our cases are comparable to their group of 
severe infections in Avhich the death occurred, and therefore, any conclusions 
draATO regarding similar patliologic clmngcs in our series of cases are likely 
not to be accurate. 

Most of the reports of this disea.se have been made ns a result of the .study 
of outbreaks occurring among young adults living either in colleges or quar- 
tered Avith military troop concentrations. In these tAvo groups a substantial 
number of cases have occurred over relatively short periods of time, and there- 
fore, the disease has been thought to be readily transmissible. Although our 
report repi’csents a similar situation, avc Avere unable to find that the disease AA'as 
any more prevalent among the men living iii barracks Avith possible contacts 
than in those Avho Avere unexposed. 

The disease occurred in about the same ratio in aA’iation cadets, Avas of 
about the same seA'erity, and ran a similar clinical coxirse. Enlisted men liA’ing 
at outlying auxiliary fields acquired the infection, but these cases Avere rare. 
Although we Avere unable to trace exposure or contacts of sufficient number to 
determine the definite degree of contagioAisness, it aa’bs our opinion that it Avas 
probably transmitted from one person to another bj’’ casual contact. 

There Avas no eA’idence to indicate that lack of physical fitness, preAUOus 
upper respiratory infections, abnoi-mal exposure, physical fatigue and climatic 
conditions Avere predisposing factors. 

CLINICAL DATA 

The average tjqiical case began as a simple acute infection Avith minimal 
respiratory symptoms. Usually for a day or tAvo preceding admission, the 
patient had not felt Avell. FolloAAung this, he developed a moderatelj' seA'ere 
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frontal lieadaclie, backache, pains in legs, weakness, unproductive cough, and 
fever (100°-102°). In the large majority of instances, these patients were con- 
sidered only moderately ill. 

On admission, physical signs were minimal or entirely absent. Usually 
there was slight redness and injection of the pharynx, and an elevated tem- 
perature. The pulse was either normal, or the pulse-temperature ratio showed 
a relative bradycardia. The respiratory rate was normal. There were no ab- 
normal physical signs on examiiration of the chest. The leucoerrte count was 
normal or slightly elevated with the percentage of polymorphonuclear cells 
either normal or slightly increased. 

The diagnosis was usually made on the third to fifth day when roentgeno- 
gram of the chest was made and a small abnormal area of moderate density 
was found in one lung field. A day or two later crepitant rales could be heard 
at the base of one lung, posteriorly. Usually there were no physical signs 
indicating pulmonary consolidation. The cough continued and by then the 
patient had begun to expectorate a small amount of mucopurulent sputum. 
The temperature returned to normal in about 6 to 8 days. Defervescence was 
by slow lysis. By this time medium moist rales could be heard at the base of 
one lung and usually persisted for 7 to 10 days. The patient remained in the 
hospital another week or two and was returned to duty well. 

.VX.VLVSIS OF SIGXS AXD sympto:ms 

Approximately one-fourth of our cases had a relatively sudden onset, under 
24 hours. Only one-sixth had a previous history of an xtpper respiratory infec- 
tion, such as colds and sore throats, during the 3 weeks preceding the onset. 
Approximately one-third had typical nasal sjTnptoms of an acute rhinitis at 
the onset of the infection ; one-fourth had a mild sore throat. Only two pa- 
tients had an actual chill and only three complained of a chilly sensation. One- 
fourth complained of sixbsternal discomfort which was u.sually a burning sen- 
sation, although a few complained of substernal tightness. There was no actual 
chest pain characteristic of pleurisy ; no dyspnea or the expectoi-ation of bloody 
sputum. 

The physical examination at the onset was characterized by its lack of 
abnormal findings. In approximately three-fourths of the cases the chest was 
normal. In eight cases there were crepitant rales at the bases of the lungs, 
but most of these reported to the sick bay after having been sick for a few 
days. In a few eases sibilant rales were present and in about the same number 
sibilant and crepitant rides were both heard. These were usually located at 
the base of the lungs, posterioi-ly. Diminished breath sounds were present in 
a few oases and didlness on percussion in only one. There were no defiiiite 
physical signs of pulmonary consolidation in any case at the onset of the 
infection. 

The temperature curve varied moderately during the course of the disease 
In the majority of the cases the temperature would rise to 101°-102° at the 
onset, remain elevated for 4 to 8 days, dropping gradually to normal. In about 
one-sixth of the e:iscs the temperature was elevated to 103'’-104° for several 
days. These patients were definitely sicker than the others, as manifested bv 
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associiilccl clinical evidence. In live ca.se.s llicrc was a low-^rnidc fever under 
300° wliicli ran from .12 1o 28 days. The pulse Icniinu'alnn! ratio was eillier 
normal or a relative bradycardia was i)re.sent. 

Durin'' the course of the illne.ss the two most siirnilieant factors were the 
paucity of chest findintrs on i)hy.sicnl examination and the persistence of rfde.s 
once they appeared. In five ca.ses rilles were heard before the third day. but 
in these wc were doubtful as to whether the history of the day of on.set was 
accurate. In the larfre majority of ca.ses r.ales wei'c heard fii'sl from the fourth 
to the eiiTlith day of the illnc.s.s. In one-fonrth of the eases no aijnormal ehc.st 
signs were ever apparent and in four ca.se.s rales were not Iiearrl until the ninth 
to the eleventh day. The rfdcs were usually medium, moist in type, and u.su- 
ally persisted fi-om 1 to 2 wcek.s. 

Tn the large majority of ca.ses the sputum was usually ab.scnt or very .scanty 
foi' the first 4 or .5 days, and after that the patient (•xi)e(doratcd small amoiuits 
of mucopurulent material for a few day.s. 

j\p])roximately one-half the i)aticnl.s were in the hospital for .3 weeks and 
the majority of the remaining were in about 2 weeks. A few eases were sent 
to duty in 8 to 10 days; these were very mild eases. In the majority of eases 
ho.spitnlization was prolonged by the weakness of the ])atient. a jjci’sistcnt 
cough or rfde.s after all other symjUoms and signs had subsided. The complete 
recovery of the patient was essential in our ca.ses because of the neee.ssity that 
he be fit for any and all military duty before being allowed to leave the hospital. 

There were no serious eomi)lieations in any of our ca.ses and no fatalitie.s. 

llOENTUKN'OI.Oe.lCA!, DATA 

The oul.standing ob.servation concerning the roenf genographie findings was 
the fact that changes within the lung were ])resent foi- several day.s before they 
could be determined by physical examination of the chest. Three of our eases 
had roentgenograms as early as the .second day, and changes were found in all 
of these. In Itlurray’s series of eases changes were found within 24 hours after 
the initial .symi)tom.s. 

The roentgenograms usually .showed a small irregular or rounded area of 
soft to moderate homogeneous density in the central i)ortion with borders 
shading into normal lung. In many of the eases the density was very thin, 
although of an even quality. This was particularly true of those lesions ap- 
pearing in the eostophrenic angle. As a whole, the lesions were not extensive, 
particularly those extending from the lower boi-der of the hilus and those 
found in the eostophrenic angle. It was our oi)inion that some of the lesions 
extending below and oiitside the left border of the heai't would have been 
.shown to be more extensive could we have obtained lateral rocntgenogiauus 
of the ehest. The distribution of the lesion was lobular rather than lobar and 
the majority .showed only a small section of one lobe to be involved. Tn a few 
eases the lesion was more extensive, but these were the exception rather than 
the rule. Multiple, succe.ssive roentgenogi'ams in several cases demonstrated 
that as the disease pi'ogressed the density increased, became more sharply de- 
fined and frequently inei'cased in size. Also, resolution Avas .shoAvn to follow 
the course of other types of pneumonia, the density gradually diminishing and 
becoming more mottled and linear in tj'pe. 
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In the majority of eases, approximately three-fourths, the lesion either 
extended from the lo-\ver border of the hilus region into the eardiophrenic 
angle, or appeared either in the eostophrenie angle or at the base of the lower 
lobe of the Inng. Sixteen cases had lesions at the left base, T at the right base, 
and 5 at both bases. Seven cases extended from the hilus toward the mid- 
portion of the lung. In 4 eases the lesion occurred in the upper lobe, and in 2 
cases there were lesions in both upper lobes. In 1 ease, lesions were located 
in the right upper and lower left lobes. 

LABORATORY D.ATA 

The average case showed a normal or slightly elevated initial leucocyte 
count and a normal to slightly elevated percentage of pohmiorphonuclear cells. 
Only 2 leucocyte counts were below 6,000 and the majority ranged between 
6,000 and 9,000 ; 6 counts were above 10,000, but a few of these were obtained 
late in the disease. 

Because of several factors inevitably concomitant with the commissioning 
of a new hospital, we were unable to carry out extensive bacteriological studies. 
We Avere unable to inoculate any animals with either the blood, .sputum, or 
nasopharjTigeal ivashings of anj' of our patients. In one-sixth of the cases we 
examined the sputum for tubercle bacilli and the predominating tj-pe of organ- 
ism. Tubercle bacilli wore not found in any specimen examined. Staphylo- 
cocci, streptococci, pneumococci and ^Micrococcus catarrhalis Avere the predom- 
inant organisms found. When pneumococci Avere found present, Ave attempted 
to determine the tApo but Avere unable to do so except for one case AA'hich Avas 
pneumococcus type IX. The sedimentation rate Avas moderately elcA'ated in 
the large majority of eases. 

TREATMENT 

The treatment Avas largely symptomatic Avith the emphasis on re.st, sup- 
portive measures, and sedatives for cough and restlessness. In 12 cases sulfa- 
thiazole Avas administered Avith 30 to 90 grains giA'en initially and 15 grains 
thereafter every 4 hours night and day. 

We were definitely coiiA'inced that the drug Avas not as effective in this 
group as in the usual pneumococcic infections, and there Avas considerable rpies- 
tion as to whether it had any beneficial effects. 

SUAIAI.VKA' 

A series of 40 cases of an acute infectious disease of the respiratoiy tract 
Avith unusual pathologic changes in the lung have been described and analyzed. 
In general, our cases closely resemble those described as some tjpe of pneu- 
monitis In- Avorkei's in the United States and abroad. 

The majority of the cases in this scries began as a siniple acute infection 
will) minimal respiratory and constitutional symptoms: a normal or slightly 
elevated leucocyte count and no abnormal pliy.sical siirns. Tlie diagnosis was 
usually ma.le by means of the roentgenogram and in tin hmjc mnjoniij of cases 
could not he made In/ an;/ other ineenis. It usually showed a small area of 
increased density most often located at the base or hilus of one lung. Abnor- 
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inal physical si^ns in Iho lun'rs. nsiially manifested l>y erepilaiil rfilcs, woi'cnnt 
apparent until the pcah of the severity of the disease had passed. Altlioui'li 
the constitutional syni])1onis were not .severe, a jjrolonjied period of convales- 
cence was usually required hecau.se of the weakness of the patient. 

The patholojiy and etioloy:y of this disease are still nndetcrinined, althoucli 
there is some evidence to indicate that it is caused hy a filtrahlc virii.s. 

The disease is a])j)arenfly eonta^ion.s, hut only mildly .so, and is probably 
tran.smitted hy casual contact. 

Lack of physical fitne.ss. jn-evioiis uj)per respiratory infection.s, ahnonnal 
exposure, or ])hy.sical fatijme were not pre«iis])osinq factors. 

The disease did not respond favorably to the action of siilfonaniidc chenio- 
therapy. 

The study of our series and the re))orls of other workers who have ob- 
served similar outbreaks impresses us with tin* fact that many factors remain 
to he .studied before the entire field of acute re.si)iratory infections can he 
charted and particularly is this true of tho.se eau.sed hy a filtrahlc virus. 

AVe agree with I’raneis that this can he achieved only hy clinical epidemi- 
ological methods and that hy eomparin'r the clinical dilTerences in patients 
and epidemics with specific laboratory data, the various entities will fall into 
their proper places in the inizzle of epidemic resjiiratory disease. 
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Erratum 

On page 269 of the Dcecmlicr issue of llie Jouknal, in an article entitled 
“The Effect of fi'estosterone Propionate in the Treatment of Arteriosclerosis 
Obliterans’’ hy Herman Znrrow, JLI)., Gamlicl ,Saland, IM.D., Charles Klein, 
M.D., and Stanley Goldman, M.D., New York, N. Y., the footnote “tDcceascd’’ 
pertains to Dr. Goldman and not to Dr, Saland. 
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Icncc, more than llie actual war, <lova.staled Central Europe in the soventcentli 
century. It was a contrihutinfr factor in Naimlcoti’s defeat of 1812, Scurvy 
played a very important part in the Sixth Crusade in the tliirtcenth century, 
hut also in the armies of Napoleon in Efrypt and lJussia, and during the "Worhl 
Wai- in the British army in ICut-el-Amara. 

Every war was a fertile hrccdiii'r •rround foi' th(> d(‘vclo])menl of cpidcniicH. 
Earsc groups of people are masseil, filth aeenmulates, the very subtle public 
health machinery is froiiuently upset, the physical re.sislanee of the population 
is reduced by malnutrition or other factors, epidemics ilevelop, and move than 
one war has been lost as a res\dt. Greece was saved from Bersinn invasion in 
402 by the outbreak of an e])idomie that decimated the Per.sian armies. The 
plague of 429, the character of which is still controversial, aecelcratcd the 
downfall of Athens. An epidemic .stopped the Huns before Constantinople in 
A.D. 425. The Black Beath of 18-18 had tremendous repercussions on Europe s 
wav history. England, cipiipiied with the new firearms, had defeated (lieErcncli 
at Creey and had concpiered Cidais after a siege of eleven months. The plague 
forced them to withdraw and compelled them to sign a truce. Tlie Scottish 
allies of France, who intended to invade the north of England, were not only 
defeated by the English troojxs hut also deeimatod by the ]>lagnc. The kingdom 
of Naples was saved by the plague which forced the Hungarian army of oreupa- 
tion to a hurried retreat. 

From the Benai.ssance on, ty]dius was one of the most, dangcroim enemies, 
over ready to defeat brilliant armies and to play havoc with the civilian popula- 
tion of many countries.'' The louse was still triumphant in the eighteenth cen- 
tury, and m almost every Euroiican war of the ]icriod, including the campaigns 
of Napoleon, more iicojilc died from iyiihns than from wounds. Condition.s 
changed in the second half of the nineteenth contmy wlicn tlic battle hetween 
soap and the louse resniled in the latter’s retreat for the fn-st time. Typhus dis- 
appeared from most western European eonntrics, and armies could dc.stroy each 
other without iiitcrfcrcnee. But the disease renmined endemic in eastern Europe, 
and we all remember the part it played in the ]*''ir.st World AVar, followed by the 
Icn-itic devastations it caused in Bussia from 1918 to 1922. AVc do not Iniow 
yet what part typhus will jday in the ]>re.senl war. It seems that the disease is 
still under control, and it is very i)rohahlc llinl it will remain so for some time. 
The actual danger will come later when the war enters its decisive pliase, wlien 
armies collapse, and civil unrest develops. Then typlnis may again raise its head 
and play its traditional role in the shaping of Insloiy. 

Until very recently disease caused more casualties than battle wounds. In 
the Crimean AVar the Frcncli army of 309,000 men lost 20,000 from wounds and 
75,000 from disease, a proportion of almost 1 to 4. In the short Italian cam- 
paign of 1859, which lasted only two months, the French lost 8,674 men from 
disease and 3,664 from wounds. In our own Civil AA’'ar typhoid and dysentery 
killed more people than the battles. The Franco-Prnssian AA^ar of 1870 to 1871 
was the first to reverse the proportion, at least in the German army. Germany 
lost 40,881 men, of whom 28,282 were killed by weapons, 346 died from accidents, 
and 12,253 from disease. 
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In the past, health standards of the cmlian population were affected pri- 
marily by the food shortages and epidemics resulting from war. In the total 
wars of today a new factor has entered the scene. Today wars are fought not 
only by armies but by nations. Industrial production has become a major 
weapon and requires the mobilization of a country’s entire man power including 
women. lYe have no figures yet, but we can readily imagine what health con- 
ditions must be among the millions of European workers who have been dragged 
away from their homes and are perfomring slave labor for Germany. 

In our own countrj- the sudden expansion of the war industries has led to a 
considerable dislocation of the population. Thousands of workers live in trailei-s 
and in shacks, or sleep in “hot beds” which are hardly conducive to health. 
Already the number of industrial accidents has increased, and we may also 
expect an increase in the incidence of tuberculosis, which is likely to happen 
when large numbers of women are drarni into industry. Under normal con- 
ditions industrial expansion would call for added medical facilities, but under 
war conditions the demand cannot be satisfied because the ai’med forces absorb 
a high percentage of the available medical personnel and equipment. Thus a 
vicious circle results which can only be offset by a thorough organization of all 
medical resources in a way that guarantees maximum efficiency and minimiun 
waste. 

There can be no doubt that the major immediate contribution of war to 
medicine is negative. War is a destructive process which destroys what medicine 
has endeavored to build. But war, on the other hand, is also a challenge and a 
stimulus to medicine, both teelmieaUy and socially. iMedicine is always facing 
a condition of emergency, because in the fight against disease there is no armis- 
tice. War, however, is an emergency of a particular kind which puts a nation’s 
medical resources to a severe test. It also provides oppoilnuiities for experimen- 
tation on a tremendous scale, such as would never Ije available in times of peace. 

Of all branches of medicine, surgerj* obmously is the one which at all times 
responded to the war challenge most strongly and in various ways. Armies 
travel and with them go the^ army surgeons. They mieet colleagues from foreign 
lands and exchange experiences. This already happened in ancient Greece when 
Greek surgeons traveled with the mercenaries who were in the army of the 
Egyptian pharaoh Psammetifch. They probably learned from their Egx-ptian 
colleagues, which may explain the fact that similar operations are described in 
tile Egyptian and Greek surgical literature. Surgery is not only transmitted 
tln-ough books, but, first of all, in a practical way, with experience being passed 
on from father to son, from master to pupil. In this process of tran.smission 
wars must have played a very important part. 

Wav was also responsible for the erection of hospitals in ancient Rome. 
The Greeks never had hospitals in our sense; physicians sometimes took a few 
patients into the guest rooms of their workshop, the iafreion. but these were cer- 
tainly not rcgiilar hospitals. In Rome, however, practical considerations led 
to the establishment of special institutions for tlie care of certain groups of 
side people. Every soldier was a fighting force, and it was in the intere.st of 
tbe army to restore the wounded as quickly and as tboroughlv as possible 
Lazarettos were, therefore, built, and the foundations of scveral'of them have 
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l)ccu exeavnicd, ])artieiilavly in llio pcripliory of llif Empire. Some of them, 
like the one in Novacsium. were very elaborate in.stitiition.s with many .sick- 
rooms openin'^ into larpo corridors built around a vast courtyard.^ The mili- 
tary hospital in Haden, in Switzerland, was close to a sulfur .si)rinir, and exten- 
sive use was made of the medicinal water in the treatment of the wounded. 

War, or rather the lack of war. caused the establishment of another kind 
of Itoman hospital, the .slave vnh tudhinriti. Slaves were eheai) 
ipiarantecd a steady stream of prisoners. I’ul the value of .slaves increased 
considerably once the em])ire was i)aeified, and it became profitable to .spend 
money for the restoration of the .slaves’ health. Thus slave ho.spitals were 
erected on the larpe estates of Itoman landowners. 

Until the fourteenth century most war wounds were caused hy .swords, 
spear.s, arrows, and similar weapons. They, as a rule, healed by fir.st intention, 
and in the writings of thirteenth century surgeons wound healiiifr without sup- 
puration was considered the normal proce.ss that a physician .should strive to 
attain whenever po.ssiblc. Cojiditions ehanped when firearms were introduced 
in the fourteenth century. The wounds caused by the larpre caliber lead bul- 
lets of those days were primarily infected, and the view was generally accepted 
that gunshot wounds were poisoned by gunjmwder ajul had to be treated with 
the cautery or by pouring boiling oil into the wound. It is well known how a 
military surgeon, Ambroise Pare, the father of modern surgery, refuted this 
\'icw on the basis of experiences gained oti the battle fields during one of the 
campaigns of Francis I against Charles V. lie proved expcj-imentally that gun- 
shot wounds healed much better without the brutal treatment that de.stroyed 
so much of the tissues. P.ut even to Pare .suppuration apj)cnred as the normal 
wound-healing process. Pai'c’s treatise on the treatment of gunshot wounds 
was published in 154.5 and revolutionized war surgery. Thereafter he pub- 
lished a large number of other surgical books, and fro(iuent campaigns in 
which he participated gave him an opj)ortnnily to test his oj)erntions on a 
large scale. He reintroduced the ligature of arteries when performing ampu- 
tations, was also a pioneer in the field of obstetrical oi)cration.s, and exerted a 
tremendous influence in the whole field of .surgery. 

When John ITuntcr look part in the expedition to Belle Isle in 1761, the 
British navy availed itself of the .seiwices not only of a surgeon but also of a 
scientist. On this expedition Hunter gained invaluable experience on gun.shot 
wounds, a subject that he studied all his life and which ho finally discussed 
in his masterpiece, A Ti'catisc on ihc Blood, hiflammatiou and Gnusliol Wounds, 
that was published in 1704 soon after his death. In those day.s, most .surgeons 
were still craftsmen who were primarily inlerc.sted in the jiractical side of sur- 
geiy. Ilunter was a .surgeon also, but a scientist in addition. For him a wound 
was something more than a practical problem. Ho was not content to ask, 
“How can I best heal this wound?” He iurpiired. “AVhat does the wound sig- 
nify to the organism ? By what mechanisms does the oi-ganism safeguard itself 
against the effects of the wound, immediate and remote?” In this way, almost 
imperceptibly, he passed from the domain of surgery into that of pathology. 
The main significance of his work was that he threw open the field of sui'gical 
observation and experiment to general medicine. He was the first investigator 
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since the days of antiquity to advance the theory of inflammation, and there 
can he no doubt that Hunter’s var experience had a great influence on his 
later researches. 

Until the middle of the nineteenth century, the field of snirgeiy was limited 
to a number of classical operations which had been gradually improved from 
century to century, jMajor abdominal surgery was impossible as long as one 
could not operate on the relaxed body, and also on account of pain and second- 
ary infection. The introduction of general anesthesia in 1846, and of antisepsis 
in 1867, when Lister’s first publications came ont, liberated sui-gery from these 
age-old bonds. Both methods were immediately applied in war surgery and 
undoubtedly helped to save thousands of human lives. In 1846 Ti arren per- 
formed his historic operation at the ilassachusetts General Hospital, while 
Morton gave the anesthesia, and the followng year Sjnne applied general 
anesthesia in the jMexiean War and Pirogov did the same in Russia. In 1867 
Lister published his first papers, and a few years later the Franco-Prussian 
War proHded an opportunity to apply and test the antiseptic treatment of 
wounds on a large scale and to gain much experience in the field. The German 
surgeons, Yolkmann, Tliiersch, and Mikulicz, were particularly active in de- 
veloping and popnlarizmg the method. 

The Franco-Prussian War also became the testing ground for the efficacy 
of smallpox vaccination. In the German army, where most soldiers w'ere vac- 
cinated and revaceinated, 4,800 cases of smallpox occurred with 278 deaths, 
while among the unvaecinated French prisoners alone 14,000 cases occurred 
with 2,000 deaths. 

All fields of medicine felt the challenge of war, surgerj" more than any 
other, but also public health was stimulated. Problems of sanitation were par- 
ticularly acute in times of war, and in the seventeenth and eighteenth centuries 
many books were written on the sanitation of camps and barracks and on gen- 
eral problems of military hygiene. In 1738 a great soldier, the Marechal de 
Saxe, wrote a book with the title, Reveries ou memoires sur Varf de la guerre. 
It was the result of thirteen nights of insomnia when he was suffering from a 
fever disease, not a textbook on strategj', but a thoughtful book on military 
hygiene. Uniforms were more spectacular than convenient. They were de- 
vised to satisfy the vanity of the ruler and to make the soldiers attractive to 
the fair sex as a compensation for the profe.ssional ri.sks they ran. The Mare- 
chal de Saxe advocated a different Uiie of uniform better adapted to the pur- 
pose they had to serve. He also gave much thought to the soldiers’ diet. Long 
before Liebig, in the middle of the eighteenth century, meat extracts were 
prepared to feed soldiers during campaigns.*’' 

War had repercussions not only on medical science but also on the 
humanitarian side of medicine. Florence Nightingale would have become the 
reformer of nur.sing without a Crimean War, but there can be no doubt that 
the experience she gained at Scutari in those terrible years ]8.54 to 1856 
aceelenited developments tremendously. October 21, 1854* the day when she 
loft England with 3S nurses, truly marks a tuniing point in the histoiy of mim- 
ing, Placed all of a sudden under conditions of great emergency, Florence 
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Niglitiiigale saw and did nioro in loss llian two yoar.s than she cunld have- done 
in a litetime in I'ingland. The Crinioan 'War llins actually hceainc the cradle 
of modern nursing, just as the Itattle of Holforino in 1850 hceamc the startin'; 
point, of the Rod Cross, d’ho Conova hanker, llonri Dmiant, who was visit ini; 
Italy as a tourist, suddenly found himself on the hattlofiold of Solforino and 
was so .stirred by wliat he .saw that lie devoted liis entire life to the alleviation 
of the sulTcrings of the wounded and jirisonors of war. In Oelolior, 1803, 02 
delegates, representing 16 nations, oonvened at Conova, and the Red Cross 
Society was founded the following year. As we all know, it has e.vtciuled its 
scope far beyond war activities and in every country is playing a trcinciidons 
part in relieving human suffering. 

Ambroise Pare and John Hunter, whom we mentioned before, served as 
army surgeons, but only oeoasionally. I’arf; was snrgcon-in-ordinary to several 
French kings, and it was obvious that be aecompanied tliom whenever they 
went to war, but otberwisc lie jiraelieed surgei-y as a civilian in Paris. John 
Hunter’s military period was only an eiiisode in his life, although an important 
one. Great contributions have been made to medical science, however, hy 
medical men for whom the army was a career, and there can be no doubt tliat 
no medical corps in the world has done more for the advancement of science 
than that of the United .'States Army. It is impo.ssi!)lc to list all tlic.se contri- 
butions, and all I can do is to recall a few names: I'cnumont who cxpcrimcnlod 
in the wildernc.ss on the gastric juice; John Billings who.se contribution to hos- 
pital construction, medical education, vital .statistic's, and the development of 
liln-aries lias been unsurpassed ; the heroic worl; on yellow fever of Sternberg, 
Reed, Carroll, Lazoar, A'gramonto; Gorgas whose aetivitics extended far be- 
yond the Panama Canal and who was instrumental in organizing medical serv- 
ices in the gold mines of South Africa ; Ashford’s studies on hookworm, Craig’s 
on malaria, AVoodward’s on photomicrography. Colonel ITnme has recently 
shown in a scholarly publication what great contributions army surgeons made 
to the science of ornithology.' There is hardly a field of general or medical 
science that has not been enriched by members of the United States Army 
Aledical Corps, and the Army Alcdical Library in AYa.shington with its splendid 
collections and bibliographies is a nniqnc institution that has played an im- 
portant part in the development of American medicine. 

There is one thing we can learn from history, namely, how tremendously 
important the medical corps is. There Avas a lime, not so long ago, Avhen the 
generals used to consider the medical officer a nuisance, the man who always 
interfered Avith their dispositions. They forgot Iioav many campaigns Avei'e lost 
in spite of brilliant strategy as a result of diseases. VieAvs are changing rap- 
idly, and the Avar departments are recognizing the need for mobilizing all the 
resources of medical science. 

Medicine learned from every Avar, and the more science progressed the 
more medicine became able to saA’c human lives even in Avar. The soldiers 
AA'ho today are sent to foreign lands are immunized against many once fatal 
diseases; they arc nourished scientifically and they cany along the Adtaraiiis 
needed to protect them from deficiency diseases. They are clothed infinitely 



SIGERIST: WAR AKD AIEDICnSTE 


537 


more hygienically than in the past. Operative results have been greatly im- 
proved, and the new methods of blood transfusion are saving countless lives. 
The great progress achieved by orthopedies makes it possible to rehabilitate 
the wounded infinitely better than in the past. In prewous centuries little 
attention was paid to crippled war veterans. A few were assigned to the care of 
monasteries, but the great majority became beggars roaming the streets. It 
was Louis XW in France who established the Hotel des Invalides in Paris, an 
institution in which invalid veterans were attended at the expense of the state. 

The rehabilitation of the crippled veterans is one of the most important 
social problems of war medicine today. Pensions alone do not solve the prob- 
lem. Work is one of the major balancing factors of health, and there is plenty 
of skilled labor that can be performed by blind and maimed veterans. Every 
effort must be made to readjust the invalid to his environment so that he can 
continue to live as a useful member of society and thus preserve his self-respect. 
The Sowet Union is handling the problem in an admirable way. Special schools 
have been established for the purpose, giving general and vocational training 
in courses that may last as long as two years. Invabds who had only ele- 
mentary education may improve their general knowledge by taking courses 
of secondary education. Vocational training produces bookkeepers, techni- 
cians, agricultural experts, tailors, photographers, telegraph operators, etc. 
The Commissariats of Social Welfare are in charge of rehabilitation programs. 
Local social welfare bodies must place invalids udthin two days, and aU indus- 
trial and other enterprises are urged to prowde suitable work and housing for 
the veterans, who are wsited by special commissions every month. 

War is not a natural catastrophe or a biological process, as has sometimes 
been said. It is man made and represents a primitive method of conducting 
international politics. Ciwlization is a very young phenomenon in the history 
of mankind, so that we should not be astonished that relapses into primitive 
savagery still occur. There is no reason, however, why we should not be able 
to develop in the course of time from a competitive to a cooperative society on 
a world-mde scale. As long as wars occurred they always had definite results 
that affected social and economic conditions of the countries involved in a way 
that was either detrimental or beneficial to the development of medicine.® 

The campaigns of Alexander the Great propagated Greek culture all over 
the ancient world and created conditions favorable to the development of med- 
icine in such countries as Egypt and Syria. The Roman conquest of western 
Europe pacified the Germanic tribes, developed trade, and permitted cultural 
developments that also benefited medicine. Persian medicine florrrished as never 
before after the Arabic conquest, and Persia became an important province of 
Islamic chdiization. 

The Thirty Years’ War, on the other hand, was a strongly retarding fac- 
tor, not only on account of the destruction it brought all over central Europe, 
but also because it perpetuated feudabstie trends. The emergency created by 
the revolutionary wars of France greatly accelerated the reorganization of 
medicine initiated by the revolutionary government. The reforms were con- 
tinued by Napoleon and became the foundation upon which the French school 
developed and flourished. The Franco-Prussian War liberated France from 
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ilie rolloimcss of the ScooikI Eiujhit, jinel Icil to tliu (’slnhli.sliincnt of tlic Third 
]io])ubIic under Aviiicli scieiiee oiid incclicinc rcfudied lieifjlits. Tiie 'World 
AVar of !li)ld-l!)IS'.stiiiiulal(‘d iimdical scienoc in many ways as we all reinenibpr. 
A"et. tlie contribution of that war to medicine was probaldy still irrcater in the 
field of social medicine. 'Die war bad demonstrated tlie importance of pro- 
tecting the workers’ health, and indu.sfrial medicine developed as never before. 
AA'orkmen’s compensation was introduced in a number of countries, and gen- 
eral health insurance in France. A'arious countries established ininistrie.s ol 
health, and the .Soviet rnion made a totally new departure in creating the 
type of medical organization best adapted to the new imhislrial society and 
the now technology of medicine. 

In the United .States the examinati<ni of almost three million drafted men 
revealed that -17 ])er cent were defective; in other words, that health conditions 
were not as good as they could have been and that there was a maladjustment 
in the distribution of medical care. The Uommittee on the Costs of Alcdienl 
Care was founded. Other agencies joiiuol in the work, and foi‘ ten years sur- 
veys were made that provided >is with the facts and figures needed for intelli- 
gent planning. 

The war in which we are engaged .at )>resent will undoubtedly again .stim- 
ulate medical science, but I am conviueed that its social effect.s will he much 
more strongly felt. It woidd be foolish to assume, as some people do, that 
Europe is finished. Euroj)o is going through one of its periodic crise.s. and the 
very destruction will force the European nations to reorganize their .social and 
ceonomic structure from the bottom. Thus conditions may well be created that 
will enable medicine to develop more rai)idly and more broadly than in the pa.st. 

The war is demonstrating to us that our techiiology has outrun our sociology. 
AA'e have ereated ingenious machines, but not the social and economic organiza- 
tion that an industrial society rcfiuire.s. AA'e have built means of tran.sportation 
that overbridge the continents, init not the a])iiaratus that insures peaceful co- 
operation between nations. ’I'hc .same happened in medicine, and now, under 
pressure of the emei'gency. we have to orgajiize medical services, not only for 
the armed forces but for the nation. If we leaioi a lesson from this experience, 
it may well become this M'ar’s gi-eatcst contribution to medicine. 
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BACTERIAL WARFARE 


Tiik Use of Biologic Agexts ix Warfare 


CoLOXEL Leox a. Fox, JI.C., U. S. Army 


Editor’s Note . — This article was first published by Colonel Fox, then Major Fox, in 
March, 1933. It has been republished and quoted extensively in technical military periodicals. 
It was republished in The Military Surgeon in May, 1912. The author state-s that, while some 
advances have been made since the original publication of tliis article, the principles are as 
applicable today as when first stated. 

B acterial warfare is one of the recent scare-heads that we are being 
served by the psendoscientists who contribute to the flaming pages of the 
Sunday annexes sx’ndicated over the Nation’s press. This que.stion of bacterial 
warfare has been brought forward from time to time since the World War. The 
use of the organisms that cause communicable diseases as an instrument of war- 
fare was considered by the Conference on the Limitation of Amiaments held in 
Washington in 1922. An international commission consisting of Profe.ssors 
Pfeiffer (Breslau), Bordet (Pasteur Institute), !Mad.sen (Copenhagen), and 
Cannon (Harvard), appointed at the time, reported to the League of Nations 
essentially as follows; (a) The effects of bacterial in.iury cannot be limited or 
localized, (b) Modem water purification methods protect agaimst the organisms 
of typhoid and cholera, (c) Plague is a disease that would be as dangerous for 
the force using the organisms as for the attacked, (d) The danger from typhus 
has been exaggerated, (e) Jlodem sanitaiy methods are effective in controlling 
communicable diseases. 

Following this pronouncement by these eminent scienti.sts. the que.stion of 
bacterial warfare .suffered a lapse of interc.st ; but during the pa.st year, as an 
incident of the preparation for the Geneva Convention, there has been a marked 
revival of interest in this supposed bugbear, bactciial warfare. Po.s.sibly this is 
only a part of the effort of professional pacifists to add all the imaginary fright- 
fulness tliey can picture to tiic known real hori-ors of war. 

The space and thought that have been given to this question by feature 
writei-s liavc not been without effect, and many people now believe that bac- 
terial warfare represents a real threat and problem for future generations. 
Many are now associating chemical warfare and bacterial warfare, with the 
result that in the resolution of ad.ionniment, voted by the General Commission 
of the Disarmament Conference on July 23. 1932. at Geneva, we find cliemieal. 
bacteriological, and incendiary warfare grouped for consideration. The mere 
fact that this great body of peace workens considei-s bacterial warfare .seriously 
to i)rohihit its use .iustifies military men in considering tins agency of 
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warfare. Wc know liow little trcatic.s protect; .so we .should .study the (iut‘.slion 
to .see if the )i.se of hiolo;:ic weaj)ou.s is a real ])rol)lein for the. military iniads 
of the future. 


Under hiolosie.s u'e include all tho.se or^anisin.s that may invade the body 
of man or animal to ])rod)iee di.sease. so that while we use the term haetcrial 
wai’fai'c, we do not li)nit this pa))er to a eonsideratioji of bacterial disea.se.s. "We 
will also eonsidei- the filtrahle viru.ses, I’rotozoa, and other })athogenic forms ns 
well as their toxic ])roducts. 

With the powers of the worltl in .session at Geneva discussing the future of 
warfare, and witii some of the great natiojis of the world recommending the enm- 
))lete abolition of chemical warfais*. it n)ay api)cnr .strange to have one consider 
biologic warfare. T i)elieve all will agree that while it is a nii.slake to live in the 
l)ast, it is ecjually undesirable to ignore the le.ss’ons of the ])asl in prognosticating 
I'cgarding the future. It is therefore well, before we consider the ])osHil)lc use 
of biologies in warfare, to di.scuss briefly the question, Wilt the nations of the 
world abandon the use of chemicals as an instmnnent of warfare? 


Every advance in thought or design meets I’caction and antagonism from 
the minds of the previous generation. It does not take some radical departure 
from the accepted views of the day, .such as mai’kcd the revolutionary co!)ce])t of 
Copernicus or Darwin, to start all “as is’’ con.servatives on a tirade of oppo- 
.sition with the usual tenor of their remarks: “It is against the law of nature,” 
“It is again.st religion,” “It conflicts with all knowji law.” “Even if true, it 
docs not fit into the existing oi'dcr of things.” A man of middle age today 
may remembei- the old mossback who refused to ride on the ti'ain of the nine- 
teenth century. In fact, the ti-ain and street car had not completely overcome all 
the ])0oh-j)oohs of the haelnvard ignoramus until they wci-e involved in a fight 
for their very existence M'ilh a newer means of transportation — the motor. The 
motor vehicle had .iust had time to have a proper road net constructed when 
this engine, becoming “air-minded,” needs no roads. Have they been generally 
accepted? Certainly. However, remarks such as, “If God wished man to fly 
he would have given him wings.” were made in the pulpits of this country 
during the present century. 


It takes more than the harpings of the minds of yesterday to scotch the 
wheels of progress. It may startle many to talk of world progi’css in connec- 
tion with implements of warfai'c. However, it is not believed that any fair- 
minded individual can deny the place in world advancement that is due to 
the spirit of conquest. The peaceful .shepherd, content to watch his flocks, has 
added little to the world’s knowledge. The trader and warrior have discovered 
and spread Imowledgc. Trader and warrior are almost inseparably associated 
throughout history, and .slowly as they may have progressed, they usually lead 
the thought of the day. The .spirit of adventure and discovoy has always 
marched with the wai'rior. The discoveries of the warrior are not limited to 
implements of war; however, these are the factors we wi.sh to consider. In this 
field again we meet the same antagonism at every advance tliat the fighting man 
has made, an antagonism that has affected all minds of the “as is” type, in- 
cluding conservative and reactionary individuals. Every advance, every discov- 
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cry of a new weapon by the fighting man, has had to overcome two groups of op- 
ponents: (1) Tlie fixed and established militaiy gi’oup that is always sure the 
new weapon “won’t work,” “Is not as good as older weapons,” “Not practical,” 
etc., (2) The pacifist group— the shepherd group, that considers each new weapon 
more terrible than the former and cries out against it. 

Primitive man in his combats certainly had no weapons. Axe there any 
today who believe that this early creature did not fight over “food and females ? ' 
It may be added that aU combat ultimately resolves itself in the final analysis 
to a strife for one of these basic biologic requirements— nourishment or sex. 
Fighting over gods was a later development; and these fights over gods were 
over a personal God, a God of the land or tribe, a God to favor their own special 
country, a benevolent God who would make their country a more bountiful 
place to live. 

In the early combats man could only bite and claw and choke an adversary. 
This was the day of brute strength. Cleverness had relatively little value. The 
first man to use a weapon was the man with the best mind of his day. The first 
weapon used must have been very simple and elementary. Possibly a hard 
object held in the hand mth which he brained his opponent. This weapon pos- 
sibly did not create much comment. This was not an age of comment ; however, 
the descendants of the tjqie that could not learn to use this weapon are not 
munerous. Has this weapon been abandoned? Certainly not. It is an excellent 
weapon, and no good weapon has ever been discarded. Its use today is verj- 
limited because of the diseoverj" of other weapons of greater range and effective- 
ness. 

Development of iveapons has alioaxjs been for the purpose of vsing intel- 
ligence to overcome mere physical force. The factor of range, Idlltng an op- 
ponent before he can close ■with you, is a most important factor when the man 
of intelligence must meet superior physical force or nmnber. Probabl 3 * the 
fir.st weapon to prordde range was a club, possibly a sharp stick, the forenmner 
of the iron-tipped spear. The club maj* have had a stone head attached. These 
weapons not only advanced the clever man over the mere strong man; thej^ aided 
man in his fight with the man-eating animals of the time. However, if we 
can make deductions from the early cave records of men of this period, advance 
was slow because the intelligence was of such low order that thej' were slow to 
understand and accept these new weapons. The race improved because the 
thinker, the succc-ssful wairior, lived and won the females and left descendants; 
the slow and reaetionarj' tj-pe did not live to reproduce. With eveiy advance in 
weapons man is giving emdence of a desire to overcome brute strength Iw moans 
of a weapon with range and effectivene.ss. 

We can picture the introduction of the earl.v propelled instruments, sueli 
as the arrow, causing a storm of opposition. Some youngster designed some form 
of propelling instrument for a sharp stick and possibly suffered the .jeers of the 
snagglcd tooth ciders as he shot the .sticks into inanimate targets, and received 
only the reward of complete recognition when he shot a .shaip stick through the 
belly of an old pack leader to take over a band of cowed females. The progeny 
of this genius were of a higher order of mentality and possibly soon learned the 
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Viihic or oviuomix.iitioii, with Hit' result Ihnt a tribe of niTow ii.sei-s developed. 
This .scorned like the final advaiiee, aiul who eati doiihl lludr ahilily (n inflict flieir 
will on the men of llie lime. 

The fact that tlie eomiuered men. possibly of superior jdiysieal flevelojanont, 
considered the weapon a cruel and brutal imideriu'iit that Hod had not endowed 
man with did not cause it to fall inl<» ilisiise. Tlie only tiling' fiiat caii.sed tlii.s 
weapon to fall into disu.se, :uid finally be practically abandoned, was the develop- 
ment of sucl) protection ;is c!iu.sed tbe imph-meni to eeast* to be efi’cctivc or be- 
cause other instruments were ilesitmetl of ••rcater ranyi- and crfectivene.ss. Thew, 
i'acloi’s are tlie only thinys that have ever caused a weajton used .sucecssfuliy to be 
abandoned. 

The outcry against tlie use of chemicals seems to peojde of this day to be 
quite a .serious factor, and some wonder if their use will be curtailed by tins' in- 
fluence. The following: factors shoubl be considered before we make a dcci.sion: 
(a) Xo effective weajion once introiluced has ever bemi abandoned until it was 
di.splaced by a more effective weapon or protection was develo))ed that rendered 
the in.strument usele.ss. (b) The hue and cry that attendcrl the introduction of 
chemicals are not unusual on the introduction of a new weajum. The early use 
of Kiinpowder produced a reaction in every respect similar to the cry of the 
prc.sent day pacifist aiiainsl mis. Will the u.se of eliemicals in warfare be aban- 
doned’ Probalily not. Will tlie u.se of chemicals be curtailed? ( 'ertainly: .iu.st 
as certain as the isice pro<;re.sses. just as certain as new and more effective 
weapons are de.sijrned — not before this advama* is made. 

Will the ne.xf advance in warfare .see the u.se of bioloyic.s? Will the next 
agent used be the living organisms, bacterial warfare, the .scourge of armies from 
the most ancient time.s — tlie communicable di.seases? The quc.stion of biologic 
warfare will be con.sidered in more iletail bemtuse here again we run into the most 
elaborate and fanciful statement.s. 

A review of military liislory will reveal the great influence that di.sea.se ba.s 
]dayed in past wars. Kesults have been decisively influenced in many campaigns 
by epidemics of commitnicabie disease. In .some camjiaigns Ilnw have caii.sed .such 
tremendous los-ses and such great number.s of noneffectives that the combat has 
I'caclicd a stalemate. However, in certain instam-es, for unknown reasons, there 
has been a groat difference in the degree to which combatants have reacted to the 
epidoinie conditions. In a few ca.ses we are able to understand wh.v the coin- 
mnnicable diseases apjieared to have greater invasive jiower toward one of the 
arinie.s; in other instances we do not under.s1and clearly why there was a differ- 
ence in the degree of involvement of the forces. 

Volumes have been wrillcn on the epidemic di.seases that Inive attacked the 
military forces. We will not alteiniit to review tlii.s extensive literature, but the 
doctor, cspceian.y the epidcniiologi.st, knows that the student of liislory wlio reads 
only of tactics and strategy, tlie victories and defeats of a campaign, without 
familiarity witli llic medical liislory of the war, is likely to give .some commander 
credit for sueec.ss or failure that all loo often has been caused by some epidemic 
of communicable disease. This is not meant to depreciate military success, for 
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the great general is often a great sanitarian, and even Alexander may owe a 
part of his success to his doctor, philosopher, teacher — Aristotle’s advice to “hoil 
his water and bury his dung.” 

We must remember tliat we can march through the pages of militaiy his- 
tory all the way to the twentieth century before we come to a campaign where the 
missiles of the enemy produce more casualties than epidemic disease. In most 
of the ancient campaigns of any duration some one of the great military plagues 
did more to decimate the military forces than all the man-made munitions. I say 
one advisedly, although often many infections raged and famine and seurvv' ac- 
companied the communicable diseases. 

What was the nature of these ancient pests'? AYere they diseases of that 
age now no longer knomi ? No, the military pests that existed then are still with 
us. The Big Six of all time (wartimes) are; (1) the enteric fevers, typhoid and 
the paratj'phoids; (2) the dysenterie.s ; (3) cholera; (4) t^Tihus; (5) the plague, 
bubonic plague, the Black Death; (6) smallpox. 

Do not consider for a moment that the above diseases had any monopoly on 
the right to destroy armies. It is probable that at times influenza and the epi- 
demic pneumonias took such heavy toll that only little fuel was left to be con- 
sumed by the Big Six. Again, under conditions where malaria is endemic, this 
disease is second to none in the production of noneffectives in military ranks. In 
fact, measles and epidemic meningitis may well be added to the list of militaiw 
scourges. 

This paper is not for the puiTiose of considering the epidemic conditions of 
the armies of the past, but it is realized that many indii'iduals will naturalh' con- 
sider that if these infectious agents were able to produce such frightful outbreaks 
of disease by the simple process of chance infection under natural conditions, 
then in the hands of man, as a militaiy weapon, they may well prove even more 
destructive. They may fail to consider the fact that the same measures that are 
now so efficacious against the chance infections occurring in nature may prove of 
equal value in combating the same agency of dcstmction when used by man. 

AVe have presented biologic warfare in all its horrors; now let us analyze the 
problem in detail. AA^hat agents can be u.sed to produce death and disea.se? 
How can these agents be introduced into the bodies of the enemy? AVe will 
discuss these questions in the order stated. The biologic agents available for 
warfare are: (1) the communicable diseases; (21 other infective proce.sses (such 
as wound infections) ; (3) toxic pi-oducts of bacteria. 

The communicable diseases arc well known. They are the so-called tran.s- 
missible disea.ses that produce epidemics. They arc caused by a living contagion 
and are .spread from man to man or animal to man by various channels of trans- 
mission. All of the Big Hix and the other diseases mentioned above belong to 
this group. 

The second group, the other infective processes that are available, include 
such infective materials as the agents that infect woiind.s; gas gangrene, totiinns. 
anthrax, and other wound contaminations that are infectious but iiot com- 
municable. 


The 
growt h. 


last groui> of dangerous agent.s are the toxic jirodiicts of bacterial 
AAc wdl mention but a single terror-inspiring exam})le_bolnIiniis toxin. 
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A portion ot! tliis toxin iilinosl incon<*eival)].v small wlion inlrodnood into the body 
by any channel is lethal. Wo will pivc detnil.s later. 

No one M’ill que.stion the effect ivene.ss of all the.se agent.s in producing casual- 
tic.s when introduced into the hodie.s of nn})rofeefed and noniinmnnized individ- 
uals. The important qne.slion then is how? How arc tho.se agent.s to he inlro- 
diiccd into the bodic.s of the enemy to ]>rodnee casualtie.s? 

Any consideration of the doliheratc use of ])alhogcnic organisms as a means 
of warfare will have to consider tlic question of how to ]>rodnee a deslniclivo 
epidemic in the forces of an opponejit and at the same time protect one's oum 
forces from invasion hy the virulent organisnm in question. Certainly at tbo 
present time we know of no di.sea.se-])rodueing microorganisms that will respect 
uniform or insignia, and the use of bacteria in warfare for the destruction of 
opposing forces will have to I)c jwedieated u)>on the sueee.ssfnl jndor immuniza- 
tion or the complete isolation of tlic forces enqdoying the di.sease-i>roducing or- 
ganisms tlii'ough some .system of quarantine. 

Any intelligent discussion of bacterial wiirfarc must certainly give detailed 
consideration to the question of how the living coiilngion is to be inlrodnced into 
the individuals that arc to be infected. We can well begin this investigation by 
a .study of the ohauuels of infection. The eormnnnienble diseases may be cla.s.si- 
fied on the basis of their "routes of transmission.” By this is meant the path 
that the living contagion follows when it leaves the body of the sick man or 
animal, or in some eases the carrier, to enter tlic body of the .snsecj>til)]e )io.sf to 
prodxicc di.soase. On this basis wo may da.ssify the eommnnieablc di.scascs into 
intestinal diseases, respiratory di.sca.ses, direct contact disca.sc.s. and insect -trans- 
mitted discasc.s. 

Tlie intestinal diseases are produced wlien some small i)ortion, n.sually a 
microscopic portion, of the material from the intestinal canal of the sick man 
witii its living microorganisms, is introduced into the alimentary canal of tliesns- 
eeptible individual. Tyj)lioid, elioloj-a, and dyscntei'y are well-known c.xample.s 
of this lyqre of disease. 

The respiratory diseases, sometimes known as ".spnla-horne” or even “air- 
borne” diseases, arc the communicable diseases spread by the transmission of 
living microorganisms from the respiratory tract of the sick to the res])iratory 
tnaet of the invaded. Tliis group of disea.scs is of tremendous importance and 
embraces such conditions as the common cold, influenza, jmenmonia, diphtheria, 
epidemic meningitis, .smallpox, and possibly of special importance for war pur- 
poses, the pneumonic form of bubonic plague. 

Tlie group of diseases that we refer to as “insect -transmitted” arc those 
where the iirvasion of the new host is efTeeled hy the bites of insects which have 
previously fed on an individual — man or animal — infected witli the disease in 
question. A period of incubation on the part of the insect between feedings on 
sick and feedings on individuals to be inCccled is necessary in certain instances; 
witli other diseases such interval is Jiol required. Examples of inscct-lransinillcd 
diseases that require an interval for tJio development of the contagion within the 
body of the in, sect after feeding on the infected individual are malaria and yellow 
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fever, both transmitted by mosquitoes. Bubonic plague, a di.sease of rats that is 
transmitted to man In* the bite of the rat flea, does not require an incubationarv- 
period for the rat flea to develop infeetiveness. 

The venereal diseases are direct contact diseases. They are of profound 
militarj' importance and have proved decisive factors in certain past wans, 
notably influencing the European campaigns of the fifteenth and sixteenth cen- 
turies. The deliberate use, however, of this means of injury is fraught with 
difficulties when we plan a method of securing personnel to effect the necessary 
exposure. The soldier’s danger from the venereal diseases will not come from 
the open, avowed wartime enemy who loves him least, but from the money -loving 
or uniform-worshipping ladies who profess to love him most. Therefore, while 
these diseases may at times exceed all other causes of military noneffeetivene.ss. 
we can dismiss them without further discussion while we are considering bacterial 
warfare. 

It follows, then, that the communicable diseases that constitute an epidemic 
or pandemic threat to the militaiy forces are the intestinal, respirator^', and 
insect-transmitted diseases. 


THE IXTESTIXAL DLSE.VSE5 

Mankind is all too familiar with the terrible epidemics of typhoid, cholera, 
dysenterj', and the diarrheal conditions that have destroyed military forces in 
the past. However, it is highly questionable if tliis group of diseases will ever 
in the future cause any such terrible catastrophes, for the reason that the epi- 
demiology of these infections is so thoroughly understood that modem sanitary 
methods and immunization processes have rendered comparatively innocuous 
these hazards of earlier aimies. 

The deliberate use in warfare of these agents, however, we shall consider. 
While occasional small outbreaks of these diseases may be due to food infections, 
real epidemics of this group of diseases are tracealfle only to infected water and 
milk supplies, or to such a complete sanitarv' breakdown that general fecal con- 
tamination of food supplies occurs. The possil)ility of contaminating a milk 
supply presents practically insumountable difficulties, although it is theo- 
retically possible that spies might use such a means to discommode and harass- 
civil populations. Of course, it has no practical application to the militaiy foix-cs 
themselves. 

Contamination of ivater supplies of civilian communities by means of in- 
fection of large reservoirs and .storage ba.sins where the water is held awaiting 
consumption is a possibility. Contamination, to be effective, would have to be 
subsequent to ti-eatment by the modern water purification plant consisting of 
filtration and chlorination, or, of eoux’se, it would be valuele.ss; but this is nithin 
tlie range of possibilities, and it is possible that future warn -will reveal that 
spies will make an effort to contaminate municipal water supplies. 

Tlic use of the intestinal group of diseases against forces in the field would 
probable prove entirely incfioetive because modern water luirification methods 
and tlic close supervision of the water supply that is accepted as a neeessan- in- 
cident of military service will absolutely preelude the successful omploynent of 
this means of combat. 
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In considering the iiitcstinal group it nniy ho well to stress tlic fact tliat tlic 
I’cason modern armies, and for tliat mattcn- all civilized cf)mmnnities, do not have 
serious epidemics of these diseases is not that the infective agents that cause these 
diseases arc not ])rosent or available, hut that modern sanitation protects the 
personnel. 

Let ns take a typical e.xample, typhoid fever. The incidence of typhoid 
in our civil po])ulation has heen gi-eatly reduced during the present century. Jjct 
no one think, however, that tliis is duo to any .scarcity of the tyj)iioid hacilhi.s, 
and it must also he rememhered tliat the civil ]iopula1ion has not had any general 
immunization such as helps to ])rotcet the Army. Tyjilioid has not retreated to 
the outskirts of civilization : it is all ahout us. lOvery slate, yes, every county in 
the Union, is infected. Typhoid carriers in the United States ])ossiI)ly nnniher 

100.000 and arc generally without supervision. The reason we have only about 

5.000 deaths from typhoid fever iier year in the United Stales of America instead 
of ahout 100,000 deaths is that the great mass of our jicoplc now use water that 
has been rendered .safe by filtration and chlorination. They consume milk that 
has been pasteurized and other foods that have been prolcelcd. 

The same statement may he made concerning the low incidence of the 
dysenteries in our count ly. The infection is pre.sent, hut epidemics do not occur 
because our sanitaiy measures arc effective. We need not fear infection from 
without with this grouji of diseases; we arc already grossly contaminated. 

The die-hards will say that cholera is not so easily handled and is not at 
present a problem in America. Granted. We do not have cholera in the States; 
hut our Army and our people do live in the presence of cholera without lunnug 
epidemics of the dhscase. The Philippine Islands, where our Army maintains an 
effective fighting force entirely free from this terrible scourge, has a carrier in- 
cidence of the vibrio that causes cholera that is always high. Tlic intestinal 
group of diseases will certainly not ]>rove de.structivc against any civilized nation 
that cares to pay the price of the ])roteclion that modern sanitary methods pro- 
vide. 

THE RESPIRATORY DLSEASES 

In leaving the inte.stinal group of diseases we proceed from the problem 
that represents the greatest triumiili in preventive medicine to the group of dis- 
eases that bafiles the best efforts of all health workers. In the control of the 
intestinal diseases we have so much to be proud of. In preventing the respira- 
tory diseases we have accomplished so little. Tliis is stated with a full knowl- 
edge of the wonderful results tliat have been obtained with smallpox vaccination, 
and the immunization to diphtheria by the use of toxin products, as well as with 
a full realization of the fact that we are on the threshold of equally great accom- 
plishments in controlling scarlet fever. 

It should be noted that these great aecomjilishments are not sanitary 
triumphs, such as glorify our work with flie intestinal group of diseases, but 
immunization processes. Not lieing able to prevent the infection reaching man- 
kind, we take advantage of the fact that familiarity with the organism, while 
not breeding contempt, does produce immunity. Therefore, Ave use tlie only 
method that appears to offer any great protection against the respiratory dis- 
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eases in nature, namely, immunization. It must be admitted that health workei-s 
can accomplish practically nothing in the -way of protecting peoples from in- 
fection with the great host of respiratory invaders, and such protection as we 
have is due to either natural or artificial exposure to these organisms. 


In this group of diseases we find a number of maladies that are serious 
enough to be eft’ective war weapons if ways of using them can be de-sised. How- 
evei’, before proceeding we should call attention to the fact that in this gi’oup are 
also a large number of diseases that are not suited for military purposes. For 
instance, smallpox, while a very serious epidemic disease, must be dismissed im- 
mediately. All military forces are immunized to this dreadful scourge, and we 
can, therefore, dismiss it from further consideration. 

INIany of the diseases of childhood, wliile constituting a military problem at 
time of mobilizing rui’al recruits, are not suitable for military purposes for the 
reason that the factor of age susceptibility plays so much importance when we 
consider the entire group that comprises our population. As an example we may 
mention diphtheria. "Wliile in childhood a very high percentage of the popula- 
tion is susceptible to this disease, the gi-eat ma.ioritA' of these same indi-viduals 
develop considerable natural immunity to the organism that causes diphtheria 
M-ithout further interference than the normal aging. Therefore, while we see 
epidemics of diphtheria in schools and orphanages, we do not encoimter serious 
outbreaks involving large numbers of any adult population. This disease is cited 
only as an example wherein the factor of age susceptibility is important ; there 
are a number of diseases that show tliis phenomenon and would, therefore, be un- 
suited as offensive militarj- weapons. 

Certain conditions such as influenza, pneumonia, and the common cold do 
not show a marked tendency to limit their injury to any one age group and 
would be efficacious if they could be used against militaiy personnel. ^Mankind 
is as helpless today as at any period in histoiy in the control of these diseases; 
also they are very serious conditions that produce great nmnbers of noneff’ectives, 
and in the instance of the epidemic pneumonia tliey result in a tremendous mor- 
talitj’. 


Before we .surrender to the individuals who threaten such friglitful havoc 
with this group, we may well ask liow ai-e they going to start an epidemic of 
influenza, pneumonia, or the common cold. If they answer that they will intro- 
duce the germs that cause these diseases, we can well laugh at them. The proee.ss 
is not so simple. The factors that make respiratoiy epidemics are not .so ele- 
mentary. They include not only the infection of the individual, but the question 
of the resistance of the infected animal. The organisms that cause these diseases 
are all about us. They are always ^\-ith us. Epidemics mean more than simply 
infection; they mean the rapid transfer from individual to individual of these 
infective agents. They mean a lapse in the immunity of the invaded, and pos- 
sibl.v something else. 

I do not know of a bacteriologist or an epidemiolosist who can tell vou 
how to start a respiratory epidemic unless the staire is espcciallv set I know 
many who aij certain that whenever you place a large group of individuals man 
or beast, under poor hygien.c conditions, with overcrowding, poor ventilation, 
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and exposure to unfavorable clinialie conditions, or ntliei- faclni-s Dial deercaso 
resistance, respiratory oulbroalcs will occur in spite of any ])r(‘eaulions that can 
be taken, and that if large numbers of highb' snsec‘j)fible individuals (rural popu- 
lations) are present, the oTitbreak can be expected to assume ej)idemie ])ropor- 
tions. 

It is also worthy of aiotc tliat when epidemic conditions ]irovail, certain or- 
ganisms may possiidy have greater invasive power, for then a])})arently i)oj)ula- 
tions that were not so susceptible or readily invaded may be attacked Avhen they 
previously escaped injury. It will be noted that as in the ea.se of the intestinal 
diseases, so with the rc.spiratory disea.sos it is not a simple case of introducing 
infection that constitutes a menace. The organisms that produce most of these 
diseases are always with us, and cj)idomics moan more than infection. 'While 
we cannot understand c.xaetly how epidemics start, and we question the ability 
of a military agency deliberately to produce an epidemic of one of these dis- 
eases, we feel certain that if bacterial wavVavo is ever eontcm}datcd, they will not 
think of using the respiratory grou]) of invadens for the reason that quarantine, 
isolation, and all other methods to control disca.scs such as influenza, are prac- 
tically valueless. The torch once set off might destroy friend utkI foe alike, 
and would, therefore, prove of no value as a military weapon. 

The two di.seases in this group that are most frcquenll.v mentioned arc in- 
fluenza and epidemic meningitis (cercbro.spinal fever), i)ossil)ly because of their 
importance during the World War. All that has been stated above applies with 
especial force to influenza, where in addition to the fact that no one knows how 
to control this disease, wo must add that wc are not even i)ositivc about the actual 
organism that causes the condition. lOpidemie meningitis, on the other hand, is 
a very definite, specific disease due to a very well-known organism. We must 
admit at the outset that this is a very .serious disease, and that it often assumes 
epidemic proportions in military organizations. However, if wc stop to consider 
the nature of the organism and the epidemiology, we see how entirely unsuited 
epidemic meningitis is for use as a military weapoji. The organism, the micro- 
coccus of Weichselbaum, is so delicate that even on the most favorable culture 
media it rapidly dies when exposed for even a few houi's to tenqieratures much 
below that of blood heat. This disease is spread b\' carrier.s, and the organism 
must be introduced almost directly from the na.sal pharynx of the carrier to 
the respiratory mucous membrane of the individual invaded or it will be de- 
stroyed by the unfavorable temperature conditions while en route. 

Those individuals who think this disease may be used for military purposes 
will answer that eari’iers in the forms of prisoners, etc., would be introduced into 
the opposing forces. To those who know auj^thing about epidemic meningitis 
this suggestion is ridiculous. Any military aggregation of any great size already 
has so many carriers present (anj-where from 2 to 30 per cent) that the intro- 
duction of a few more or less is of no moment. Epidemics of meningitis occur 
only when overcrowding is associated with conditions that lower tlie general re- 
sistance, as exposure, luifavorable climatic conditions, and fatigue. Meningitis 
is, and probably always will be, a military problem; but the individual’s friends 
and associates, not the enemy, are the great problem with this disease. 
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^Ye will not take up in detail all of the various respiratoiy diseases. The 
tabidation would prove tiresome, for the story would always he not so much a 
question of the great danger of the introduction of the infective agent, but the 
creation of epidemic conditions, a soil in which the organism could produce an 
epidemic, overcrowding, and lessened resistance. 


THE IXSECT-TR^VXSMITTED DISE.ASES 


These diseases will probably most certainly influence wars of the future as 
they have in the past. An invasion of such a country as Mexico, at the present 
time, could constitute more of a sanitarj'- than a militarj- problem. With malaria, 
dengue, and possibly even yellow fever along the seaboards, and typhus endemic 
in the plateau district, our main problems would be sanitary. Bubonic plague 
might also be encountered here as well as in any other place. This disease, 
bubonic plague, is the disease entity that many consider best suited for militaiu- 
pui-poses. To begin with, it is a frightfully serious malady, a decimating disease 
that has most profoundly influenced warfare in the past. It is possible that the 
rise of the Mohammedan world was due to a great extent to the fact that Europe 
was in the throes of the greatest scourge mankind has knoivn, the plague, at the 
time that Mohammed’s followers were ready to organize and extend the influence 
of the crescent until the horns were about to encircle the Mediterranean. Cer- 
tainly these Arabian tribesmen had never shown any signs of mflitarj- greatness 
or valor prior to this period, and it is probable that their religious ardor would 
have met with small success against the well-organized nations of the time if 
these nations had not been practically exsanguinated by the “Black Death.” 

The use of bubonic plague today against a field force, when the forces are* 
actually in contact, is imthinkable for the simple reason that the epidemic could 
not be controlled. Infected personnel captured would promde the spark to set 
off possible outbreaks of pneumonic plague in the ranks of the captors. Infected 
rats would also visit and spread the condition. An advance over terrain infected 
with plague-bearing rats would be dangerous. Therefore, except as a last 
desperate, despairing hope of a rapidly retreating army, the use of plague by 
forces in the field is not to be considered. 


The use of plague to harass chdl populations pre.sents le.ss difficulty than 
tlie use of the organisms against a field force. Those who think that plasne will 
be used as an offensive weapon consider that ci\-il communities may be infected 
by introducing plague-infected rats. Of course, this is easier to state than to 
accomplish, but it may be possible for airplanes flying low to drop reeentlv in- 
fected rats. At least this is the statement that the indiinduals make who consider 
the use of this weapon feasible. Even with so ten-ible a pandemic disca.se as 
plague, however, there is a great deal more to the question of epidemics than mere 
infection. For instance, to cite an example, one that Gill so forcibly states. “A'ot 
half a dozen cases of plamic occurred amongst Europeans (inefuding Briti.sh 
troojis) stationed in the Pun.iab during the year 1924, wlion about .500 000 or 
one-fortieth of the indigenous population suffered from the disease ”> If these 
intelligent people were able to avoi.l il,c infection when rcsidin- in on environ 
nient that was literally infiltrated with the infection, it certainlv .should be nos 
siblc to .•ontrol bubonic plague in a i.opulation .such as we have.’ 
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For that matter, tlie queiition of plague is not a eondition that takes us to 
tlie outskirts of civilization. Our own Pacific Seaboard hccamc infected in 1900, 
and folloM'ing the San l'’ranciseo cartliquakc the infection extended and is now- 
more or less endemic as a rodent disease, involving not only rats but also ground 
squirrels. Here again it is not a (luestion of can we control the infection ; we are 
controlling it, and we have not had an outbreak of human ])lague of sufiieientsize 
to designate as an epidemic. 

The other insect-1 ran.smittcd di.sea.se that is most frequently ji.ssigned a 
place of importance as an agent suited for warfare is lypluis. This disease is cer- 
tainly ton-ible enough to satisfy even those individuals Avho are anxious to 
preach the gospel of frighlfulne.s.s. The military and civil populations that have 
been destroyed by typhus hear Avitness to how efi’cctivc tins agent of destruction 
can be. However, again we Iiavc a eondition tiiat is easily controlled. Comidete 
solution of the problem of endemic typhus is not yet in print, although it is 
probable that the Avork of such men as Dyer, itlaxcy, and Zimsser aa-III soon offer 
a complete explanation of Iioav this scourge simmei-s along during the inter- 
epidemic pei-iods. Epidemic typhus is thoroughly understood. The epidemi- 
ology is -so simple that it can he embraced in the name of the transmitting in.secl, 
the body louse. The control of epidemic typhus is the simple que.stion of the 
control of louse infestations. Of coui-se, quarantine A\-ill help to prcA-ent the in- 
troduction of the infection, but quarantine is futile if the Army is alloAA’cd to 
become lousy. The lousy Army may become the victim of tyj>hus, CA-en in Amer- 
ica, AA'ithout the introduction of infection from extraneous sources. The Avcight 
of opinion in the minds of best epidemiologists is that, as Maxey suggested, 
endemic typhus is probably eai-ricd oA-cr betAveen epidemics in a rodent re.scrA-oir. 
Endemic cases occasionally occur aa-Iicu transmitted to man by an insect, and 
Avhen the infection is pa.ssed from man to man by the body louse. Avith the result- 
ing enhancement of virulence, eiiidemies may be cxi)ectcd to result. 

The difficulty of .starting an epidemic of malaria, yelloAV fcA-er. or trypano- 
somiasis (.sleeping sickness) appeal’s to be obvious, for no one has suggested the 
use of these agents. Those Avho understand the ciiidcmiology of these diseases 
knoAv they are not suited for AA-ar purposes even though they realize the problem 
they present to military forces in endemic areas. 

This completes consideration of the communicable diseases. We have di.s- 
cussed in some detail practically all except the direct contact group. The only 
diseases of this group of great militai-j' importance arc A’cnereal, and avc haA-c 
giA-en our reasons for dismissing this group from consideration. 


TIIK INFECTIVK I’HOCRSSE.S 

Certain disease processes that affect the tissues are caused by liA’ing or- 
ganisms and are, therefore, designated as infective, even though they arc not 
considered communicable in the sense that they lend to be transmitted from man 
to man. These disease processes include such infections as tetanus, gas gangrene, 
anthrax, and the ordinary pyogenic (pus formers) invaders. The agents that 
produce these infections have all been mentioned as possible AA-ar Aveapons, and 
it must be admitted that so far as the first three are concerned, AA-ith some scien- 
tific .iudgment on the part of their sponsors. 
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The agents that cause tetanus, gas gangrene, and anthrax are not delicate 
organisms such as the relatively short-lived, easily destroyed pathogens that 
cause most of the communicable diseases. They are verj' resistant, spore-forming 
organisms, generally capable of a prolonged period of mobility -without loss of 
mrulence, even when separated from the animal tissues. It is not surprising, 
therefore, to find one of this group (anthrax) selected as the infectious agent 
best suited for militarj" purposes by a science student preparing an under- 
graduate thesis on “Bacteriologic 'Warfare.”- The selection of anthrax does 
credit to his training. In fact, the entire study shows more intelligent thought 
than any article that has come to the attention of the -writer. His description of 
the characteristics of the proposed bacterial invader are worth qnoting : 

tVhat shall we say are the requirements for a perfect military pathogen? It attacks 
preferably both man and animals. It must be quick-acting, highly vimlent, and capable of 
causing disease in small quantities. It must be highly resistant, capable of .surviving outside 
the body under the most adverse conditions, and even resisting partial cooking or a careless 
attempt at sterilization (a spore former). The causative organism should be able to force its 
entrance through all the avenues of infection; respiratory tract, alimentary tract, and breaks 
in the skin. The disease should not be too actively contagions, and it must be very well under- 
stood, for pathogens should never be used without contemplating the possibility of their getting 
out of control. Finally, and perhaps most importantly, it should be possible to obtain large 
quantities of the pathogen in virulent strain and spore form with the least possible manipula- 
tion and delay. 

After this excellent description of the perfect hypothetical agent, he selects 
anthrax as the agent best suited to meet the requirements of a bacterial weapon. 
I cannot agree -with Pentler that “Anthrax satisfies the requirements almost per- 
fectly,” but I believe all bacteriologists -wiU agree that he has selected the agent 
that most nearly meets the requirements he has so well outlined. 

These spore-forming invaders are a real problem. Tetanus and gas gangrene 
are pathogenic processes that have always been associated -with gunshot wounds 
and are, therefore, of special interest to the military surgeon. They do not 
produce epidemic diseases, however, and they are not commimicable. They have 
to have a portal of entry made for them, a wound, and while the use of these 
organisms to contaminate battlefields might cairse an increase in the number 
of cases of tetanus and gas gangrene, they would not increase the number of 
casualties. They would only complicate the treatment of those already disabled. 
It might be added that we have an entirely .satisfactory sei-ologic prophylactic 
agent for tetanus, and that as a ro.sult of the surgical advances of the la.st fifty 
years, gas gangrene is less frequent than in the prebacteriologic days. 

■We cannot dismi.ss anthrax so readily; however, it is woi-thy of note that 
although anthrax is almost a world--wide di.sea.se, neverthele.ss anthrax infection 
of gunshot wounds is practically unknown. If gross contamination of battlefields 
with the organism of anthrax is effected, it is granted that eases of anthrax in- 
fection of wounds •^^•ill occur, and po.ssibly some few cases of infection in in- 
dividuals who have not been wounded; hut when we consider that human epi- 
demic anthrax is unknown durins the bacteriologic era. I question if we need 
fear greater danger from this organi.sm than contamination of wounds 

It will be noted that up to this point we have not discussed the technical diffi 
cultics that a military force would have in contaminating a hostile force The 
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difilculties in the ciise of the coniniunicJiblc diseases arc so ol)vions that they ncod 
not be mentioned. Tlie epidcmiolojric factors make the communicable di.smsc.s 
nnsniled for offensive military u.se. The causative orfrani.sms arc all either short 
lived when sejiarated from the living ti.ssnes or else readily destroyed by ordinaiy 
routine sanitary precautions. 

■\Ve cannot make this statement concerniii" the hifrldy resistant infections 
such as tetanus, gas gangrene, and anthrax. Tho.se agents are admittedly the 
most dangerous; hut it must he remomhered that to he dangerous they must he 
alive, and that many leehnieal difiicullies present themselves when living agents 
are to he used that are not present when missiles and chemicals are used. Shells 
can he used to pro.icct mi.ssiles and chemicals on to an enemy many miles distant, 
hut bacteria cannot ho u.sed in this way. Xo liviiig organism will withstand the 
temperature generated by an exploding artillery shell. Airplanes may con- 
taminate terrain, hut their effect would he quite local and j'rohahly less danger- 
ous and less certain than high exidosives u.sed in the same way. 

It is not maintained that bacterial contamination is impossible. A retreat- 
ing enemy may hurriedly contaminate the terrain that is to he evacuated. How- 
ever, it is believed that the use of living organisms in offensive warfare j)re.sents 
technical difilculties that are not generally considered. The contamination that 
.spies and other individuals could efieet. using the only really efi’ectivo agents wc 
have mentioned — the highly resistant, .spore-fonning organisms that are so 
dangerous to wounds — would ju'ove too local to he of ajiy value whatsoever. 

TOXIC PROnUCT.S 

The forms of bacterial warfare include not only the jiossihle distribution 
of living organi.sms in the force of, an enemy hut also the po.ssihle u.se of toxic 
product.s derived from bacteria. Certain of our bacterial toxins are the most 
deadly poisons known. The toxin of the Bacillus hofuh'nus is .so iiowerfid that 
instances have been recorded where toxins have been produced so toxic that 0.00.5 
milligram would kill a 250 gram guinea pig. This material, hotulinus toxin, is 
poison for man. It is po.ssihly the most toxic agent known, and will iiroduee the 
lethal efTcet in any way that the material is introduced into the animal. If con- 
sumed with food, in.iccted into the ti.s.suc.s, or even dropped on the mucous mem- 
bran or con,iunetiva, it is equally deadly. 

This must be the material referred to when we read such dramatic statements 
as the following: “An airplane can carry .sufiicient toxins to destroy an en- 
tire city.” Such statements have an element of truth in them. In fact, they 
are conservative. An airplane could carry enough of the hotulinus toxin to de- 
stroy every living man in the world if administration of the toxin was as simple 
a process as production and tran.sportation. 

There were over one hundred billion bullets manufactured during the World 
-\Yar — enough to kill the entire world population fifty times; but a few of us arc 
still alive. It is easy to calculate the lethal (fatal) do.se of a toxic agent ; but do 
not think it is so easy to figure on the ea.sualty-producing ]iowor of a military 
weapon. 

The hostile aviator will not be received Avith a welcome, nor can he cxjieet 
to land at an air field near any large eity and find the entire population lined 
up readj’^ to accept the carefully measui-ed lethal dose of hotulinus toxim^^ ^ 
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The release of tremendous quantities of botulinus toxin over a large city may 
produce human casualties ; however, the extent of the damage might he only the 
wholesale destruction of rodents, sparrows, and possibly numerous cats and dogs 
— ^not such a serious loss in time of war. It is difficult to evaluate properly the 
possible effects of the bacterial toxins. Certainly such statements as an airplane 
destro3ung an entire city nuth toxins is ridiculous; but they may have a %-alue 
comparable -to chemical agents, with this great disadvantage, however : bacterial 
toxins are readily destroyed by heat ; therefore, like bacteria, they are unsuited 
for use in shells. 

AKIMAL, DISEASES 

The use of liring organisms to produce disease in livestock, such as hoi-ses 
and mules needed for transportation of Army equipment and supplies, has 
been mentioned as a possible form of bacterial warfare. It is believed that the 
difficulties here are quite similar to those mentioned for diseases attacking man, 
nith this great advantage to the defense that the veterinary officer will have in 
controlling epidemics. The veterinary officer can destroy am- animal or group 
that he considers a menace to the health of the animals in the Army. The medi- 
cal officer cannot take such steps to control epidemics that threaten human popu- 
lations. 

If we expand the term bacterial warfare to embrace such phases of biologic 
warfare as ^rill include the agricultural pests, then an additional factor to con- 
sider is the fact that spies, and possiblj- hostile aviators, might inoculate growing 
crops mth such pests as the boll weevil, the com borer, the Mediterranean fruit 
flj’-, and like destructive agents. These agents in most instances, however, take 
so long to invade sufficient terrain to be effective in destroying crops that their 
value in aetuallj' overcoming the resistance of a foe is questionable. They take 
several j-ears to advance over a large area, and might prove an economic prob- 
lem j'cars after the war has been completed; therefore, they violate one of the 
fundamental ideas in warfare, since thej’ would interfere with the ability of the 
conquered nation to pa,v the rictors for the beating they had received. 


COXCLLTSIOXS 

It is believed that it has been sho^m that the development of implements of 
warfare represents an evolution based on the gradual applieation of the im- 
proving mind of man. The one factor of importance in this development has 
been offoctivene.ss. It has been a que.stion of the good mind versus the stronn 
back; of the thinker verses the lifter. It is believed that the future of warfare 
will l)e based on tlie same principles. It is, therefore, apparent tliat the question 
of whether chemical munitions will he used or not, and whether baetcrial warfare 
will be used or not, will depend on their practieability rather than on the .senti- 
mental reactions of pacifists. 

I consider that it is highly questionable if l)iologic agents are .suited for war- 
fare. f’ertainly at the present time iiraetically insurmountable leelinieal diffi- 
eultie.s prevent the use of biolonie agents as effective weaimns of warfare. 
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F ew people had any foiiceptioii of tlie vast, intricate organization that made 
up the Jledical Department of the United States Navy before the blooming 
of the national emergency. Since that time the demands of global war have 
incrca.sed its .scope many tinie-s, a)id this growth has neciirred with such rapidity 
that one has more and more diflfieulty in realizing its size and complexity. 

Jledical serviee is pi’ovided on .shore at recruiting stations, training sta- 
tions, naval air bases, industrial navy yards, and many otlier activitie.s. At 
sea, every ship, large or small, has its medical Ifn-ilities in accordance with its 
prospective needs. Numerous bases in our island posso.ssions and on foreign 
shores, and expeditions sent, out to establish new l)asc.s, must have adequate 
combat medical organizations. Procurement and distribution of iicrsonnel and 
material to supply these requirements bceonie a task of great jiiagnitudc. It 
must he remembered that the Navy includes the United States Jlarinc Corps 
and, for the duration of the war, many activities of the United States Coast 
Guard. 

The policies of the i^fedical Departtnent are ba.scd on llic realization that 
the bluejacket is the e.ssential ingredient in Uncle Sam's struggle to survive. 
No matter how perfect the guns and the machines may be, the man who operates 
them is more important. A trained naval man is the result of a long and ex- 
pensive course of .selection and in.struction. If one is lost to the service by 
sickness or injury, it is a serious matter, for his ])lace can be filled only by 
another who has gone through the .same long i)rcp;irafion. Nothing should be 
denied that will aid in preventing the loss of the serviecs of a single man. 

To care for the sick i.s an imi)ortanl function of the naval doctor, but he has 
as equal duty to prevent illnc.ss and injury. The mi.ssion of the Jledical Depart- 
ment used to be expressed thus: ‘‘To keep as many men at as many guns as 
many days as possible.” Wartime speed-up has now shortened this to: "Ivcep 
’em well.” Special effort is made to ])rcparc the doetoi>? entering the naval 
service for this important pha.se of their duties. Jlany have been sent to take 
special courses in public health work and industrial medicine at some of our 
leading medical colleges. Others have gone to the Naval Medical School for in- 
struction in naval hygiene, tropical medicine, and other essential subject.s. 

ACTIAUTffiS ON SHORK 

It is commonly believed that the hazards of tlie sea and of combat vith tlie 
enemy are the principal dangers that confront tlie man of the Na\y, but this is 

»For reasons that the I'eaUer will iindenstand, defliilte statements concernlntr the size and 
location of naval activities liave been avoided. 

The Ide.as and opinions liere expre.ssed are tiie private views of tlie writer and are not 
to be regarded as tlie policy of any government department. 

All photographs used in this article are reproduced witli permission of naval censor. 
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far from true. The accidents and diseases of the ciml community have provided 
the greatest menace to iiis -n'elfare. For example, during the last few yeai-s 
motor vehicle accidents on shore have been the greatest cause of death of Navy- 
men, far exceeding drowning. There are many indications that this trend 
will be changed for the duration of the war. 

Transplanting young men from their home towns to new communities for 
training exposes them to contagious diseases againsl wliieh they have little im- 
mimity. It has been found good practice not to send them aboard naval ships 
until they have passed a few weeks under medical observation. 

The bluejacket’s first contact with the doctor is at the recruiting station, 
where he undergoes his preliminarj* physical examination. From then on, 
throughout his naval career, he is under medical surveillance. Forty years ago, 
Gatewood expressed the opinion that the Navy should keep its veiy besT doctors 
on duty at the recruiting statious, so that thej' could detect men having latent 
defects or diseases, and so exclude them from tlie semiee. By doing this, he 
wrote, the dangers of syphilis and other trausmissible diseases could be greatly 
reduced. The difficulties of accomplishing this are ob\ious, but it still sounds 
like an excellent idea. Today, the i-ecruit lias his blood tested and an x-ray 
film taken of his chest, while the p.sj’chiatrie examination takes on increasing 
importance. 

At the training station a careful medical observation of the recruit is 
made to detect any hidden defects and to discover contagious diseases in their 
earlj^ stages. Here he receives protective inoculations agauist a niunber of dis- 
eases, and undergoes a rigorous course of physical training which is designed to 
uncover any concealed weaknesses. His mental reactions are carefully studied 
to deteimine whether or not he can be molded to fit into an organization whose 
prime need is teamwork. 

A concise description of the odd number who cannot work vith others is 
contained in Lafcadio Hearn’s statement that the Samurai cla.ss in Japan had 
the right and the duty to behead iustantly any inferior person whose conduct 
was “otherttuse than expected.” We do not yet di.spose of men "with schizoid 
tendencies in this summary- manner, but we do tiy to identify them and de- 
termine their potentialities, so that we can employ them where they will be 
most useful and will do the least harm. 


Our industrial na^w yards have expanded enormously in size, and many of 
their departments are working night and day. This imposes a greater mental 
and physical strain on both shop and office workers. New methods and new 
materials are coustantly being introduced, and they bring with them new in- 
dustrial hazards which, at fii-st, may be imperfectly understood. It is the dutv 
of the medical officei-s attached to the yard to study these new developments and 
to find out what can be done to reduce their menace. At mine and net depots 
submarine ba.se.s, ammunition depol.s, aviation trainin" .stations, and other naval 
plants the medical man must be on the alert to detect and alleviate harmfiil 
industrial conditious. 


Medical e.stablisliments are provided at all naval and .Marine Porps bases 
Thaso at air bases, navy yards. Marine barracks, and training .stations are usu- 
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ally called dispcn.sario.s; it I'Cfiiiims special anlhority from C()i);,n*cs,s to designate 
one as a naval hospital, llefore our entry into the war .several of these dis- 
lieiLsaries were coiniilete hospitals with as many as 200 beds. Since then there 
has hecn a groat, inerea.se in tlieir size and nninher. In stafi', (“(piiinnent, and 
lirofc.ssional standards, naval dispen.saries are ef|iial to hospitals of similar size 
in civil communities. They provide medical care not only for men of the armed 
services, but also for civilian employees who are injured or become sick while 
at work. 



supeivl.scil b.v women of the Niivy Xuivo Cori).". 

Naval hospitals are located at strategic points along our coasts, usually near 
the larger naval bases. Severtd new ones Inivc been recently built or actpiired, 
and the old ones have been tiie .scene of great activity in the effort to expand 
them rapidly enough to meet the demands of our augmented Navy. That phase 
is now nearly completed, and we Imvc time to concentrate on the work of per- 
fecting the cHiuipmcnt and tlie standards of profe.ssional work in our naval ho.spi- 
lals. 

Before the present struggle began, liaspilals en.ioyed an almost complete im- 
munity from hostile attack under the Bed Cros.s flag. In this era of total war 
they have become special targets, marked for destruction, because loss of hospital 
facilities has a damaging effect on morale, civil as well as military. The loca- 
tion of most of our naval hospitals, elo.se to large industrial and military estab- 
lishments, makes them especially vulnerable, and .so careful consideration is be- 
ing given to the need for hospital facilities located farther inland, where the 
danger of attack would be le.ss. Protection of the existing hospitals is now re- 
ceiving a great deal of attention. Every ncce.ssary step is being taken that will 
enable them to carry on their work during and after an enemy attack. 

ACTIWTIE.S IN SHIPS AND OVERSEAS 

Each of the larger ships of the Navy has its own hospital. Back in the days 
of Lord Nelson, the increasing weight of armament required that the new 
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wooden line-of-battle ships he of much ]iea\ier construction. This left deep 
haj's on each deck, between the massi%’e timbers. In one of these the hammocks 
for the sick were slung, and it acquired the name of “sick bay.” That term 
is still used to designate the ship’s haspital. A large ship, such as an aircraft 
carrier, may have as many as 50 to 60 bunks in her sick bay, in addition to an 
isolation ward, dental clinic, and doctors’ offices. Her operating room is as 
completely equipped as that in a large city hospital. Provision can be made for 
any neeessaiy operation on any part of the body. On her staff there might 
be as 'many as 7 doctors, at least one of whom would be a skilled surgeon. 
One or more dental officers would foim an essential part of the medical staff. 



Fig. 2.-'A class in chemistr>' at a Hospital Corps Training School. Manv of these men become' 

skilled technicians. 


Since tiiere are no accommodations for women on our warships, nui-sing 
is done by enlisted men of the Hospital Corps. Tlicy are carefully selected from 
the belter-educated recruits, and must have temperaments adapted to the care 
of sick persons. After their cour.se at the training station is completed tliev 
are sent to Hospital Corps training scliools for instruction in tlieir special work. 
Prom there they are sent to our larger naval hospitals for a period of practical 
work in the wards and clinics. Here tlicy are taugiit by naval doctors and bv 
women of the Xavy Nurse Coips. The latter arc all graduates of I'ccognized 
schools of nui’sing; the Xavy does not train any of its nui-scs. 

^lany of the men of the Hos]iital Corps become highly-skilled technicians in 
the various medical siiecialtic.s. An inde.x of the success of their course of train- 
ing is found in the constant demand for navy-trained men when their enlistments 
o.\])irc. Large industrial organizations desire them for male nurses, fn-st-aid 
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men, and teclinician.s in lahoraton-, x-ray, or ollici- .sj) 0 (;ial ■work. Tlironjilionl 
tlie Na^y they provide a very salisfaelory mirsiiifr and teiriinieal .service. 

Smaller ships, such as de.st roycr.s, liave a man of the Hospital Corps 
attached to each, wliilc the mother .'ihij> of the p:rou!) lias a iarf'o sick hay with 
medical and dental staff, and complete clinical facilities. It is the purpose of 
the IMedical Department to hriii”: its servicc.s close to every man of the Navy and 
Marine Corps, no matter how distant he may he, or how small the unit to wliicli 
he is attached. One of the important factors in maintainin'! the morale of small 
organizations in remote locations is the assuranci' timl a sick or injured man will 
have adec}uatc medical attendance. 



Fic. a.— Chus.s In iinntomy ;it !i l^o^ipltnl Coi ji.^ Tmlnliic .School. 


Expeditionary forces are an important feature of the Navy’.s work. The 
Marine Corps is a unique, amphibious outfit, designed to act as a spearhead 
that can be advanced with great rapidity over long distances, to seize and hold 
advanced bases. This highly specialized duty requires the medical organization 
and equipment to be carefully planned, so that the doctor may be there with his 
necessary materials at the critical moment. To many medical ofTicci-s this is the 
most interesting phase of the Navy’s work. Jinny ingenious plans and gadgets 
have been devised by various medical officers during their study of the problems 
of expeditionary duty. 

JIany new and intricate problems of public health are imposed by the Navy’s 
recent occupation of bases on foreign shores. At several of these, the prevalent 
diseases of the local people may be a greater danger than any action of the 
enemy. Problems of food, clothing, and living conditions must be studied, and 
unsanitary conditions must be corrected before the fighting forces can maintain 
their highest combat efficiency. 
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Oul- Navj- is imclergomg a precipitate change in character as a result of 
the lessons of recent months, -with the air force becoming the dominant branch. 
This places on the Medical Department the obligation to develop wavs and means 
of provi flin g medical care under the changing conditions. New hazards and new 
difficulties are being encountered almost daily, so that an enormous amount of 
research is required to define the new problems and to find solutions for them. 
Many medical officers are now under training in the important specialty of ama- 
tion medicine, and the aid of some of the ablest scientists in the country has been 
obtained for research in the medical problems of flight. 



Fig. 4. — The new buildings ot the Xaval iledical Center, at Bethesda. Maryland, were recentlv 

dedicated by President Roosevelt. 


XAYAL MEDIC.AL IX.STITUTIOXS 

First among these is the Naval jMedical Center, located in Bethesda, !Mary- 
land, a suburb of 'Washington. The magnificent new buildings which liouse 
its many activities have recently been dedicated to their beneficent purpose. The 
group includes the Naval Hospital, Naval iledical School, Naval Dental Scliool. 
the research activities, and schools for training technicians in many special 
branches. The buildings were designed and equipped to equal the facilities of 
the best hospitals and professional .schools throughout the country. Since all 
medical and dental officers enter the Na\w after they have completed their pro- 
fessional education, these schools offer postgraduate coui-scs. 

Before the rapid expansion of the Na4w began, it was the policy to send 
newly commissioned medical and dental officei-s to the.se schools to learn the 
ways of the service, and also to receive instruction in several specialities which 
are of Utile intcrc.st to the general practitioner, but are of vital importance to 
the naval doctor. These included naval hynicne. tropical medicine emer-enev 
surgerr-, public health work, and an outline of the problems of diving aviation 
and submarine work. * , 
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Development of miviil hospitnls ]i;is been rjipifl since Ave entered the war. 
New ones liave been laketi over, and tlic old one.s liavc; Iieen "reatly enlarged. 
The}- arc .staffed and 0 (inii)ped so that tbe j)alient.s may have overytliing and 
every eare that may be lielpfni in llieir recovery. It is the aim of Admiral 
i\lclntire, our Surgeon (.icneral, to have the erpiipmcnt and tlie jirofessional .serv- 
ices in naval liospitals equal to tbe best tliat can be found anywlierc in the 
country. Notliing is spared that will aid in accomplishing this purpose. 



Fiff. 5.— Tj. S. S. Solace, one of the bospftal tliat nccompriny the fleet. Slie w;i5 coin* 

missioned In Aiipu.'^t, lOIl. 


floating lios])itals perform an important function in our Navy. If you 
can imagine a foi-ee of oO oi' more sliij).s. with 45,000 men, shoving off from 
its ba.se for prolonged oj)cralions in distant watei-s. you will realize that it rc- 
(piiras ho.spital facilities at least equal to those of an industrial city of that many 
people. Hospital .ships have the staffs and equipment that will lu-ovide eomplete 
service in all the clinical specialties, and they arc also pi-ejiaivd to act as public 
healtli laboratories. They serve the fleets at their base.s, and they are Jiblc to 
accompany them Avlien they proceed on their distant missions. 

JIuch attention has recently been devoted to mobile hosi)ital.s, and they 
liaA'c proved their value in several combat areas. They are hospitals of several 
hundred beds, designed, staffed, and equip])ed so that they may be quickly 
moved by land, sea, or air, and rapidly .set U]) when the new location is reached. 
Their purpose is to serve advanced bases, and to furnish hospital facilitie.s as 
soon as possible after an expedition to a remote area has landed. If required, 
they can send off smaller units to serve subsidiary bases. An infinite variety of 
methods can be employed to adapt tJicm to the needs of special areas, or to 
different types of military organizations. 

MEDIC.\L DEPAKTJIENT PERSONNEL 

For many years the Navy obtained its medical officers by eomi)etitive exami- 
nation of men from class A medical schools. JMore recently, selected graduates 
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were admitted for intern training in naval hospitals. Since the emergency 
dawned, reserve medical oiBcers have been called to active duty so rapidly .that 
they now greatly outnumber those of the regular Nai-y- The medical officers of 
the Naval Eeserve were carefully selected men, outstanding membei-s of the 
profession in communities all over tlie countiy. 'WTien the call to duty came, 
they gave up their practices, severed their profitable civilian connections, and 
devoted their talents to serving the needs of Navy men. This influx of new 
men with new ideas and new talents has been of great value to the service, for 
many were teachers and research workers of unusual ability. It can be safely 
stated that nowhere in the country- is there better professional service than that 
pronded for the bluejacket in the average naval hospital. 



Fig. C. — Medical ward in U. S. S. Keilef, hospital ship, which was commissioned In. 1920. 


In our naval hospitals the medical officei-s cany a gradually increasing load 
of administrative responsibility throughout their careers. The young medical 
officer in charge of a ward is responsible for the cleanliness and good discipline 
of his area, as well as for the professional care of his patients. This helps to 
develop rivalry and a sense of pride in the appearance and functioning of the 
whole institution. By the time a man becomes executive or commanding officer 
of a hospital, he is thoroughly familiar nith most of the details of the uniform 
system of administration. The administrative system is constantly kept up to 
date by adopting the best methods observed in civil hospitals. 

Dentists arc appreciated as veiy valuable members of the [Medical De- 
partment team. In the old days of the Navy, if a man had enough teeth to pa.ss 
tlic physical cxamiTiation for enlistment, he received no further official attention 
D is different now. Every effort is made to put the teeth of everv man in fii-st- 
chess condition during Ids period of training, and to maintain them in that con- 
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dition tlii'ouglioui liis time in Die service. An infinite amount of siifTcring is 
thus prevented. 

Tiic dcnti.st in tlic Navy performs many oilier important funefions. lie 
is usually called upon to collahorale in the treatment of fracture.s ahout the face 
and .iaw.s, and frequently assist.s in operations in this field. Ilis special trainin" 
in regional anesthesia ennhles him to give the general surgeon mucli-neodeci aid 
in many cases. During the in'onecr worlc with Naval itlobile Base Hospital No. 1, 
the dental ofiicer was of invaluable assistance and iierformed with cntluisiasm 
many duties far outside his profc.^sional field. At Pearl Harbor and other com- 
bat areas, the firet-aid work done by the dental officer.s has received the highest 
praise. Eeserve dental ofiicei'S, like their medical colleagues, have reported for 
active duty in great number.s, and are gladly welcomed as an important addition 
to the staft's of naval activities. 



F/pr. 7. — Port side of tlic oporatlnjr room, U. S. S. Relief. OpenitlonB can be done wlille at son, 

just the same ns in port. 


The NaiT Nurse Corps is coinpased of female graduates of recognized nurs- 
ing schools, who undergo careful scrutiny and selection before being appointed. 
The reserve nurses were organized witli the aid of the Amci'iean Red Ci'oss. In 
our naval hospitals these women maintain a very high standard of nursing serv- 
ice. Thej’’ also perform a very valuable function in training the men of the Has- 
pital Corps. The obligation of our naval ]io.spitaIs to pi’ovide well-trained 
corpsmen for duty on ships and at remote bases is second in jjnportance only to 
the care of patients. A bill has recently been passed and approved which gives 
to nurses in the Navy increased paj' and a definite status as officers. This is a 
well-merited recognition of their valuable service to the NaAy. 

Pharmacists are men wlio have served for many years in the Hospital Corps. 
They have long been restricted to warrant grades, but recently authority has 
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been given for their advancement to commissioned ranlis. Their duties have 
little to do -with pharmacy, but are more concerned vdth property and account- 
ing, commissary, and personnel ivork. They are invaluable administrative aids, 
and no commanding officer could ■wish for a greater blessing than to have two or 
three old-time naval pharmacists on his staff. 

Men of the Hospital Corps have frequently been spoken of as the most 
versatile men to be found anjnvhere, and there is ample justification for this. 
They are trained in nursing and the technical .specialties of the medical field. 
Ser-\dce with the IMarines teaches them the use of tools and weapons, and develops 
their ability to take care of themselves in the field under all sorts of conditions. 
Duty on board .ship gives them some knowledge of many mechanical trades, as 
well as an understanding of nautical life. Clerical work and accounting are also 
a part of their training. The result of all this is an alert, well-disciplined 
man, who is fitted to make his way in life, and to be a useful member of any 
organization. 

An outline has been presented of the means b}^ which the Medical Depart- 
ment of the Navj" acts to perserve the health of its men and to care for those 
who are sick or injured. A severe test of the efficiency of the organization wa.s 
provided by the surprise attack at Pearl Harbor, December, 1941. It is gratify- 
ing to be able to state that the preparations were found to be adequate. The 
Naval Hospital, the hospital .ship, and Naval Mobile Base Ho.spital No. 2 were 
able to care for all the naval ca.sualties without having to call for out.side aid. 
Disinterested ob.serv'er.s, who later e.xamined the injured, .spoke ■\n'th praise of 
their excellent condition. They stated that never before had a large number of 
seriou.slj'-injured persons made such favorable progress. 

If the general public, and e.specially the relatives and .sweethearts of men 
in the Navj", could know what complete and elaborate preparations are made for 
conserving their health, it would be a great solace to them. Uncle Sam neglects 
nothing that will aid in presem'ng and restoring the health of the men of his 
Navy. 
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Captain- l.oris ]1. Bonms. U. S. Navv 


M ost civilinn modica! men iralizp lliat iiaulical tncdiciiie is a spaeially wliicli 
is as definite and distinct as the other itrofessiojial jiiedical si)C(;ia]ties anti 
that a specialist in naval medicine occupies a particular field as much as docs 
a specialist in pediatries or snr'iory. 

The terms “nautical.’’ '•maritime,’’ and “naval medicine’’ are three terms 
whieh are often considered as synomoiis. This is i)crhaps true of nautical and 
maritime medicine. Naval medicine, however, has a .somewhat different mean- 
ing. Nautical or maritime medieine may ho defined as that hrancii of medical 
science n-hieh has to do with tlie i)revention and treatment of diseases and in- 
.iurics peculiar to maidtime or nautical life. Naval medicine may he defined a.s 
that branch of nautical medieine which is imrtienlarl.v <roneerncd with di.sea.sp.s 
and in.inrics incident to both life at .sea and naval warfare. 

One of the sulyiecls of sjiecial importance to the .seagoing doctor is that of 
naval hygiene, which includes (iroblems conneetod with vciililafion ; air coii- 
clitioning; heating; waste disposal on hoard surface sliip.s, snhmarine.s. and closed 
cabin aircraft. Oflier sub.te('t,s of study are physical changes in relation to rapid 
changes in elimate, an imiiortant matter in maritime medicine, where a man may 
be in a polar latitude one week and tin* lemjierale zone oi- trojiies a short time 
later; the fjnestion of water supiily ot sea; jirodnction of fresh water from .sen 
water or from tlie moi.sture of the air; haeteriolog\’ of the air at sen and the bac- 
teriology of sea water; the care of the sick and injured aboard ship; the struc- 
tural feature ol the sliijis iii relation to health; the control of disease vectors 
aboard sliiji; the stud.v ot eiiidemiology as afi’ected by living conditions aboard 
ship and the jircvention ol disea.ses imdiu' conditi(>ns of shipboard life; the study 
of such a particularly nautieal di.sea.se as .seasiekiie.ss and injuries from special 
nautical hazards, sueh as falls from masts and ilown hatches, injuries from 
handling hoat.s, anehor.s, and similar accidents of nautical life; wounds in- 
flieted by fish and marine animals; insiiection and jireservation of food for 
ocean vo.vages; proper rations, iiieluding special emergem'v I'ation.s for plaue.s, 
boats, and submarines; and tlie Iransjiorlation of tlie sick and wounded aboard 
ship, from ship to ship, and from ship to shoi-e. 

To such problems as those are added additional ones wliicli may be con- 
sidered as peculiar to navies and pertaining to naval medieine. Such are the 
plij'sical standards of physical examinations for ontranoe into the naval service; 
the caring for wounded in battle and after battle; the disposition of battle 
dead; the employment of ambulances and hospital ships and of hospital and 
ambulance planes ; the study of first-aid materials for the individual soldier and 
sailor; the tactical employment of medical troops with exiicditionary forces and 
landing parties; the treatment of gas casualties; postgraduate training of med- 
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ical officers and the training of hospital eorpsmen and teehmcians ; the main- 
tenance of naval hospitals and naval medical supply depots; the obtaining of 
drugs and medical and surgical supplies and equipment for use on ships and 
at naval hospitals ; the disposition of cases with permanent disabilities and pen- 
sions; the caring for the tubercular and the insane of the Navy ; the questions 
of naval medical history and of naval medical organization and administration: 
the uniforms and insignia of the medical department of navies; the practice of 
pharmacy and dentistry in navies and of the utilization of female nurses in 
naval establishments. All these represent problems and fields in naval medicine, 
and the naval medical officer must be cognizant of them and know something 
about them. Training and experience are needed to obtain this knowledge .just 
as in other specialist branches of medicine. 

The naval medical officer must be an excellent general practitioner. Often 
he is in isolated places or the onlj’ medical men on a ship in the middle of a large 
ocean. The medical problems of the men and officers of that ship must be solved 
by him and him alone. He caimot tinn to a specialist or refer a ease to a sur- 
geon, an eye, ear, nose, and throat specialist, or a dermatologist just across the 
street. He must deal with the ease himself. I do not mean by this that special- 
ism is not needed in the Na^y. As a matter of fact, every specialty must be rep- 
resented and in the hospitals, and places whex-e definitive treatment can be given 
specialists in every specialty must be available. I wish, however, to emphasize 
the point that the naval surgeon must be a gootl general pi'actitioner first of all. 
wnth some definite knowledge of naval medicine. It is said that the specialty 
of the general practitioner in ciffil life is obstetrics. I would say that the 
specialty of the naval surgeon is naval medicine and that both preventive medi- 
cine and traumatic surgery form essential features of his specialty. 

The versatility of the naval surgeon and the men of ability wlxieh his spe- 
eialtj' has attracted is shown in the history of nautical medicine, ilanv of the 
greatest names in medicine and science have come from the ranks of naval 
surgeons: James Lind. Sir Gilbert Blane, Linnaeus, Darwin, and Huxley were 
naval surgeons. The foundei-s of tropical medicine were naval surgeons. Even 
the surgeon of a crew of buccaneers is known to every medical man today wlio 
pi’eseribes Dover’s powder. The history of medicine, indeed, owes much to the 
seagoing medical man. 


ADAPTATION 01’ TDCIINICIAN INSTIUJCTJON TO THE 
I\I]LITA1{V KJIEPf; ENC’V® 


i\lAjoK .Iack "W. ]jon:, Jl.C., Captaix 1. lUmisn.ix. M.C., and 
Fihst Likut. .T. CinH'.D, ;M.A.C, 


C ONSIDERABLE intcro.sl lins liecti sIhiwii recently in llie tyjn! of trainiiifr 
given to enlisted men in the I'nitetl States Army to cfiiiip tliem to work as 
laboratory teehnieians. 'J'liis interest, apjmrently, has been stimulated by llie 
realization lliat we have only a period of twelve weeks in wliieb to prepare Ibese 
students to assume t/ie many j-esponsibilities of a laboratory teebnieian. It is 
our purpose to outline tbo working sebedule of training, and we Iriist Ibat in- 
spection of it will indicate the scope, objective, and metbods of instruction used 
in this course. 

The Laboi'atory Section of the School for Medical Deiiarlment Teehnieians 
has a teaching staff of three full-time oflicer instructoi's. one staff .sergeant, one 
sergeant, and three enlisted siiceialists who act as a.ssistant instructor. As 
pail-timc a.ssistant in.struetors there are other more teebnically trained spccinl- 
i.sts who contribute their services during certain j)eriods of the counse. The tech- 
nical background of the staff has been largely ac(iuired in the field of clinical 
patholog.v, including llie various .specialties. 

As the training schedule is unfolded, one will readily see that in order to 
cover the various subjects within the three-month period allowed for this course, 
there must be a .sacrifice of either the formal didactic lectures or the jiractieal 
“bench work” training. Consequently, in order to have the student derive the 
utmost from the course, it is so arranged that there is a minimum of lectures; 
these consist of outlining the particular work to be covered for that day, stress- 
ing the .salient features and placing emphasis on the more important aspects in- 
volved in the performance of the test. The student’s interest and proficiency 
are maintained at a high level by occasionally introducing tlic clinical applica- 
tion and interpretation of the routine procedure. 

In order to fit this course into a period of twelve week's, the lioui-s of instruc- 
tion are from S:00 a.ji. to 4:00 p.ji., with an hour for lunch at noon. Saturday 
afternoons and Sundays are given as rest periods, and extra time in the labora- 
loiy at night is discouraged except for those students who cannot keep up this 
i-apid pace. This results in a total of 4C0 hours of training, with the allotment as 

follows : 

^rofn the Laboratory Section of tho School for Jlcdicnl Deparltnont Technicians, Army 
Medical School, AVashington, D. C. 
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a. Basic Technique 57 hours 

b. Hematology 60 'hours 

c. Parasitology 57 hours 

d. Bacteriology 108 hours 

e. Histologic Technique IS hours 

f. Chemistry 00 hours 

g. Serology 36 hours 

h. Advanced Hematology 4 hours 


460 hours 

Tables I-III show the daily program divided into three four-tveek periods 
folloAving in direct sequence. 

Basic Technique . — As this subject implie.s, each .student is instructed in 
the simpler routine laboratory procedures which are essential in the maintenance 
and care of supplies and equipment used in clinical pathologj’. The student is 
taught to clean glass^vare properly and to acquaint himseK with the various 
methods of sterilization. He is taught the preparation of stains and solutions, 
the simpler technique of inoculating solid and liquid media, the transferring of 
cultures, staining of bacteria, and the making of the so-called “wet” prepara- 
tions for study. Here the practical “bench work” method of instnietion con- 
sists of allowing each student to perfoi'm this work under proper and adequate 
superrision. 

Jlematologif . — ^Thc object in this paid of the course is to train the .student 
to perfoiTO a simple blood count M-ith accuracy. The expression “simple blood 
count” includes the hemoglol)in determination, the erj-throcjTe and leucoej'te 
counts, and the differential white cell tabulation. In regard to other hemato- 
logical procedures, such as the platelet count, reticulocyte count, peroxidase dif- 
ferential stain, bleeding and coagulation time.s, only a minimiun amount of time 
and instruction are given in order to give the student merely an insight into 
these procedures so that each can be perforincd under superrision. In the sec- 
ond four-week period, four hours of instruction are given in advanced hematol- 
ogjL This time is devoted to demonstrations of tJie various blood disorders iii 
conjunction -vrith enough didactic instnietion to orient the student with regard 
to the important blood disorders and to help him realize the necessity of as- 
sistance from the lahoratorj' director when abnomal cells are encountered during 
the performance of a simple blood count. 

Serology . — The beginning part of this subject is devoted to both demon- 
stration and practical application of venipuncture technique, of the separation 
of sera from blood specimens, and of .setting up both blood typing and cz'oss- 
matching tests along irith their interpretation. The more detailed serologic 
procedures consist of repeatedly pei'foi'ming the standard and quantitative Ivahn 
tests for the diagnosis of syphilis. In addition, the student is taught to prepare 
colloidal gold solution and to perform several colloidal gold tests on spinal fluids. 
The Koliner complement fixation test for .syphilis is also demonstrated. 

Ihsfologic Technique . — In this course each student is taught the proper 
care of the equipment used in the preparation of tissue for histologic e.xamina- 
tion; this includes the care and .sharpening of the microtome knife. Instruction 
's given in tissue fixation and embedding, and sectioning of tissue with both the 
paraffin and frozen section methods. In the more advanced part of this train- 
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ing, llic student is tauglit to use various stains, witli llieir j-espeefivc indications 
and value, althougli emphasis is ])laced on the routine homafoxylin cosin and 
Masson trichroinc stain techniques. The licmaloxylin cosin slain is used on 
tissues that are carried tlirougli tlie entire routine hy each student. Naturally, 
in teaching tissue selectivitj", a few es-sontials of histology arc included so that 
the student may, to some extent, recognize the difl'orenl li.ssucs under the micro- 
scope. 

Pai'asUology . — Throughout this entire course ])ractical ‘‘bench work” is 
stressed, and the only lectures given are to guide the student in liis routine 
work and to point out the more important features used in the identification 
of the various parasites. Tlie coui-se starts with tlie stud.v of the various hel- 
minth ova, using both fixed preparations and stool sjieeimens; then gradually 
the more detailed studies are added, which include identification of tlie malarial 
parasites, insects, and arthropods. Each student is c(iuii)ped with a loan .set 
of slides of fixed ])rcparations, and con.sidcrable lime is devoted to the study and 
practical examination of these .slide.s. 

Bacteriology . — In this course each .student is familiarized with the prac- 
tical aspects of bacleriologic technique, especially that j)arl which will enable 
him to isolate and identify tentatively the various bacteria of medical impor- 
tance. During the six weeks of three-hour periods, each of the genera is studied, 
with emphasis being placed on the more important species. In dealing with the 
more common pathogenic bacteria, a morphologic and cultui-al study is per- 
formed, and where indicated, difierential media, biochemical, .serologic and 
animal tests are used. The siiceial procedures covered during this coui-sc in- 
clude the performance of blood cultures, pneumococcus and meningococcus 
typing, water and milk analysis, agglutination tests, anaerobic culture method.s, 
and the dark-field toclmiquc. 

Chemistry . — The student is fii-sl taught the simi)Ie and i>racticnl funda- 
mentals of chemistry. With this background, the course embraces the various 
phases of a routine urinaly.sis, including the physical, chemical, and micro.scopic 
examination, u-sing normal and abnormal urine sami)lcs. Practical instruction 
is then given in titration, normal solution preparation and both are utilized in 
the performance of a fractional gastric analysis. Tlie final four- week schedule 
has each afternoon devoted to metabolic chemistry. A large part of this sched- 
uled time is used in the actual performance of the various metabolic determina- 
tions requested of a well-organized chemical .section of a medical laboratory. In 
this more detailed poi'tion of the coui’se, it is only natural to include some of the 
practical working theories, but these are only dealt with from their useful and 
])ractical aspects. 

Tables IV, V, VI, and VII represent graphically an analy.sis of twelve suc- 
cessive classes of students trained diu’ing the firet year of this eouree (Labora- 
toiy Section, S.M.D.T.) of the Aimy Medical School. Table IV reveals that half 
of the students admitted were college students, college graduates, or postgraduate 
students. Less than 10 per cent of the sUjdents admitted had only a grade school 
education. Table V shows that while the niimber of stude 2 its does not allow 
for statistical scrutiny, certain generalizations may he made. The average 
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Table IV 


EDUCATION 

NUJIBEtJ OF STUDEXTS ADJIITTED 


Grade school 

19 


High school 

115 


College and postgraduate 

135 



Total 

269 

— 


Table V 


Al'alysis of Geaddates 


PREIIOUS LABORATORY 
EXrERIF.XCE 

GRADE 

SCHOOL 

HIGH SCHOOL 

COLLEGE and POST- 
GRADUATE 

NO. 

GRADES 

(%) 

KO. 

GRADES 

(%) 

NO. 

GRADES 

(%) 

None ' 

1 ' 

83 

39 

88 

57 

92 

Up to 6 months 1 

2 1 

88 

29 

89 

47 

92 

7 to 32 months 

2 

85 

5 

89 

14 


Over 12 months 

0 

0 j 

7 

91 

2 

92 


Table VI 


Analysis of Inon-Gkadeates 


PREVIOUS LABORATOP.Y 
EXPERIENCE 

grade 

SCHOOL 

1 

HIGH SCHOOL 

COLLEGE AND 
POSTGRADUATE 

NO. 

1 

GRADES 

(%) 

NO. 

grades 

% 

XO. 

GRADES 

(%) 

None 

12 

54 

25 

59 



Up to 6 months 

2 

65 

S 

71 



7 to 12 months 

0 

0 

6 

70 



Over 12 months 

0 

0 

1 

99 


■9 


Average number of iveeks of study: 4.1 


Table VII 


RATINGS OF TECHNICIANS 

xuwber 

A\’E11AGE GRADE 
(%) 

T-1 Master technician 

0 

0 

T-2 Expert technician 

1 

98 

T-3 Senior technician 

122 

93 

T-4: Technician 

72 

87 

T-5 Junior technician 

10 

82 

Students dismissed as T-5 

3 

70 

Students dismissed no rating 

48 

60 

Students transferred T-5 

1 

92 

_ Students transferred no rating 

12 1 

85 

Total 

269 , 



grades of the students .seem to varj' directly -with the degree of prcAious educa- 
tion. In regard to previous laboratory experience, this factor is of considerably 
less significance than the amount of education in detennining the progress of 
the student in our laboratory course. Table VI is sho%vn merely for the sake of 
completeness and, since it includes among the nongraduates, students who ivere 
ilropped due to illness, no conclusions ivill be drawn. Table VII shows that 
the.se latter students did very well up to the time of their transfer. The ma- 
jority of the students graduated received a Technician 3rd Cla.ss or Senior Lab- 
oratoi-y Technician qualification on their certificate. 
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THE .lOUItNAE 01’ hAnOKATOUY AND CMNICAl^ MI'.DICINi: 


Each of the ratings listed in Taldc VII dt'nofes certain definite capabilities 
and qualifications, although it must be remembered that we only recommend 
the graduates for these ratings. Those ratings may be summarized as follows: 

MKDICAE LAnOHATOItV TltAlNINO QCAmi’ICATlON.S* 

“rt. Junior Laboratory Technician, nth (fia.ss; A graduate of the 
course for laboratory leclinicians. Army >'\ledie;d School, or an equiva- 
lent course in a civil institution or the eciuivalent in practical e.x- 
pcrience, and able to i)erform the following: 

(1) Cleaning and .sterilization of laboratory glassware and 
equipment under direct supervision. 

(2) Ordinary routine laborator.v procedure.s such as urin- 
alysis, blood counts, prei)aration and staining of slide.s, and care of 
cultures. 

(3) Care of laboi'atory animals 

(4) rrci)aration of routine cidturc' media. 

1). Laboratory Technician, 4th Cla.ss: Qualified as in a above, 
and able to pci-form the following: 

(1) All routi7ic tests on blood, iii'ine, .s])ulum, stool.s, and 
pus exudates. 

(2) Elementary bacteriology, agglutination and .serological 

tests. 

c. Senior Laboi-atory Technician, Ji-d Cla-ss: Qualified as in h 
above, and able to perfoian the following: 

(1) Preparation of all stai?is. .solutions, and media. 

(2) Routine in-ocedurcs in ;iny dei);ii’Iment of a coi'j)s area or 
similar laboratoi’y. 

(3) The preservation, preparation, and mounting of patholog- 
ical materials. 

d. Expert Laboratoi-y Technician. 2nd Class.- Qualified as in c 
above, and able to perform the following: 

(1) Train laboratoi-y technicians in lower grades in the pei’- 
formanee of routine laboratory tests. 

(2) Assume technical charge of otic oi' moi'o divisions of a 
cori)s area laboratory or equivalent. 

(3) Cany out, iznder supervision, moi’c comjzlicatcd ]aI)ora- 
tory tests in serology, chemistry, and pathology. 

c. Master Laboratoiy Technician, 1st Cla.ss: Qualified as in d 
above, and able to perform the following: 

(1) Special ability in one or more laboratory specialties, 
demonstrated during long and excellent service. 

(2) Ability to lake charge of any eor])s area laboratory or 
equivalent under direct supervision of an officer.” 

•-MTP .S-l Medical Department MobilizaUon Truininp Progiam. Medical Field Service 
School. Carlisle Barracks, Pa., 1910, pagres 10-17. 
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SU5ULVRY 

1. All outline for teaching a laboratory technician course to enlisted men 
of the United StatCvS Army 1ms been presented. This course has been condensed 
to meet the present emergency. By relying mainly on practical application and 
demonstration, this entire course is given in the allotted twelve weeks. 

2. An analysis of the students graduating during the fii-st twelve months 
reveals that the final average of grades and individual recommended ratings 
depend more on their educational background than on premous practical lab- 
oratory experience. The ma,iority of students taking this course have been 
recommended as senior laboratory technicians on the basis of their practical 
knowledge and ability acquired in this work. 

"U’e wish to acknowledge the assistance given by Technical Sergeant A. J. Babalonis in 
compiling the statistical material. 


THE GENERAL mSSION OF MILITARY AVIATION IHEDICINE*' 


Brigadier General Daatd N. W. Grant, IM.C., The Ajr Surgeon, 

Army Air Forces 


AV IATION is a comparatively new field towards which man has come to 
direct his energies. At first only a dream, it soon became a reality. Today 
It is the hohhy of thousands, as well as the bread and butter to thousands more. 
To many it is a curse because it brings fear, destruction and death as an in- 
strument of war. Even under the best conditions it is a callmg not without 
its hazards, for many deaths and broken hones have been left in the wake of its 
progress, but it has nevertheless advanced rapidly and todaj^ can take its place 
among other occupations as a A'oeation. 

IMan has ever been seeking improi’ed methods of transportation, the goal 
always being increased speed. Each development and improvement of means 
of travel have presented new medical problems. The development of aviation 
has been no exception. It has brought Math it problems of oxygen want, accel- 
eration, unprecedented demands on the special senses, the nervous system, the 
heart, and other organs. 

World War 1 stimulated the first intensive interest in the medical prob- 
ems involved in aA'iation. When the L'nited States entered the War, it bene- 
ed greatly by the A’ery unfortunate experiences suffered by the British in the 
list two and one-half years of that conflict. An analysis of Great Britain’s 
j hig casualties during that period showed that of one hundred air fatalities, 
on y two were killed by the enemy, eight deaths resulted from defects in the 
P aue, and ninety were due to deficiencies in the individual, either pln'sical or 
iiiental. In those early days virtually no attention was paid to the selection 
o t le individual who was to fly from the medical standpoint. Men were often 
<issi<,nied to aviation duty after they had become unfit for .service in the srroiind 
The wastage of personnel and material, of course, was enormous! 


.-mnual nieotins ot the A.«ociation ot Militrin- Sur- 
■ i^ouisvlllo. Ky., October SP-Xovember 1. 1911. ■u-iry ._ur, 

'Cprintod from The Military Surgeon 90: ;si (Alarch), 194 ;. 


eon.-; of the United 
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THE JOUKNAE OE EAIidEATOHY AND CrASICAE MEDICINE 


Upon Iho entry of the Unitcfl States in the "War, tlie !^^e<^ie<'ll Ucpartinent 
was faced with the problem of ovoreominfi all those conditions afTectin" the 
physical fitness of the man m-Iio was to jro in the air. It was at once realized 
that CA’cryone .slionld not tly, and invesliaations were immediately bofrim and 
liaA'e been continued ever since on the pndilems of .selection of flyiii': personnel, 
and, after their .selection, their maintenance in a normal condition. 

The "enei'al mi.ssion of aviation medicine, that of the .selection and care of 
flying personnel is and always has been inlimatidy associated Avith Xational 
Defense. Tliat this mission has been well accomplished is proved by the recent 
recognition of aA’iation medicine as a .specialty. It is not anticijiatcd that this 
mi.ssion AA-ill change, nor is it to be a.ssnnied that tliere will be other than minor 
difficulties encountered in its aceompli.shment cA-en Avhen expanded to the Jirc.s- 
ent scope of National Defense. The problem of Ihr momrut, therefore, is an 
orclcrhj expansion of aviation medicine in ste]> with National Defense. The at- 
tending difficulties encountered in any such tremeiidons expansion are many, 
but, in a gencial Avay, they fall into one of two large groups: First — Problems 
of personnel. Second — Problems of training. 

These problems are tremendous and call for a separate discu.ssion, not Avitli- 
in the scope of this paper; rather will 1 undertalce briefly to discu.ss the general 
mis.sion of military aviation medicine, that is the selection and care of the mili- 
tary flier, for at this time avo are faced Avith the tremendous ])roblcms of. secur- 
ing 30,000 noAV pilots eaeh year, AA-hich calls for the special examination of 
approximately 120,000 young men. Not only must these men be cho.scn for 
their ability to learn to fly. but al.so from the standpoint of their ability to Avith- 
.stand the stre.ss of operational flying oA’cr a long period of time. These figures 
do not take into account the .selection of other crcAv nicmber.s, bombardiens. 
naA'igators, gunners, and the like, totaling another 100.000. 

In selection, the flight surgeon ondeaA-ors to select only those individuals 
for flying training aa’Iio arc most free from real or iiotential ])hysical and mental 
almornialitics. The physical examination for flying is more than an ob.icctiA'C 
ph3'sical suiwey. It is an inA-cstigation of those bodily and mental attributes, 
AA'liich, b.A' reciprocal action, seiwe to define the individual as an ontitA'. It has 
for its object an estimation of his .siiceial suitability for a ta.sk in a ncAV 
environment. 

Flying subjects man to unfamiliar on\-ironmentaI factors and places under 
his control a strange and poAverful mechanical force Avhich greatly taxes his 
resources. It creates thereb.A^ a ncAv experience A\-hich is cajAable of providing 
an extraordinary test of his adaptabililA-. The estimate of aptitude for ucav 
and specific tasks relies on an evaluation of the individual’s entire equipment. 
It seeks to Aveigh the potentialities of body and mind and to aiipl.A' them to the 
demands of the special situation. It considers native and acquired resources, 
and computes their utilization. The ucav task has its origin in the multitudi- 
nous needs and desires of man in his peculiar environment. It signifies a ucav 
experience, AAdiich, found useful and desirable, is retained and perliaps modified 
for the benefit of the indiA’idual and others. It maj' range in varietj' from the 
most simple to the most complex, from the elementaiy forms of performance 
to the technical accomplishments dcAmloped in the Avarious arts and sciences. 
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The complexity of the task to the individual is gauged by the degree of 
stress which it imposes upon his resources. He may have been endowed with 
sufficient inherent capacity to achieve success, if he so wills, or his capacity 
may he so limited that achievement is impossible in spite of effort. It is, there- 
fore, obvious that each individual is not qualified by inherent capacity or apti- 
tude to perform the same task with an equal expenditure of endeavor and a 
like effectiveness. 

Aviation is a complex task. It contains the finesse of an art and the ex- 
actness of a science. From a military standpoint, it should be performed with 
the highest degree of efficiency. 

The indmdual for military aviation should be selected with great care. 
Physical fitness to combat the stresses of flying is not the only requisite. 
Stability of mental and nervous organization is equally important. 

Experience in military aeronautical traimng has often demonstrated that 
not everj- student can meet the requirements of the flrtng task within the ac- 
cepted standards. Although he has been phj'sically qualified, is a member of 
the optimum age group, and has the essential educational background, he may 
nevertheless fail in adjustment and performance. 

_ It must be remembered that our present physical standards for military 
Hying are based on past experience in matters of efficiency and safety. It is 
known that some men nith physical handicaps, such as having only one leg, 
or one eye, tuberculosis, or other handicaps, have made excellent pilots. How- 
crer, immediate efficiency and ultimate economy unquestionably indicate the 
"’isdom of admitting to training only the very best physical material. 

In approaching the problem of selection from the psychological standpoint, 
d must be remembered that the term psychology does not apply to anything 
mjthical, supernatural, or even out of the ordinary. Psychology today deals 
wth verj- common aspects of human behartor, and the factors that will be men- 
hoiied here are the doings, the feelings, and the characteristics of manldnd in 
general, all of which can be observed in ourselves and in our associates with 
cm we come in daily contact. That individuals differ markedly in general 
mtelligence, in learning ability, in perceptual and memoiy faculty, and in emo- 
tional balance is a fact well known to us all. Those of ns who have had to do with 
0 selection of flying personnel have long been seelcing to determine just what 
psychological make-up is necessary for military artators. Time permits only a 
t^rie discussion of these aspects which are especially important in relation to 


to 1 liVhen Ave refer to intelligence, rve usually mean the capacity 

(caj effectively rvith nerv situations and to understand new problems by 
for the results of past experience. Certainly firtirg is a novel situation 
lei^ keiiig, and in order that he may adequately meet the many proh- 

craT essential that he possess a satisfactorily high level of gen- 

a )i ity. But expericuce has shown that not all individuals having normal 
cii superior intelligence make sircccssful military arlators. Intelliuence 
'*mny functions and two individuals having the same level of 
differ tremendously in the amounts of .specific abilities 

capacity 


'vluoh ihey 
f<w le.ari 


possess. Lcai-ning to pilot an airplane demands a trood 


lung, hut it is learning of a specialized sort and differs con.siderahlv 
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tiik .lotiiiXAi, OP laiioi.-ATOin- and ci.inicad mpdicini; 


aie slou io undersian.] D,.s(nu-(in„s. do uot ro.ucnhor, oud hnvr -^,,1 
.jojo^^about (he uKlu-ulual s menial .nake-up than numely his .^eneral level of 

manv "dntf "if « -'i(nn- /Ivor, one n.nst Icavn n .vent 

Io ZZi - " "'‘^ividnals vavv in 

lean. Zwlv 1, . ‘luiekly and for.et, ri.ht a.-av; others 

learns- wdol'lv ami J'" ^''»^fi»'l)(edly. the person who 

the Ivpes rcriuired knowledges, skills, and atiilndes of 

Ijpes lequ. cd for nnl.tary aviation will inherently ho (ho host qualified. 

nndci'standiiZ Z*" ”ieanin" is .ivon (o ono's exporionoes. This 
as poroZlZa?; «*■ ^'i-nlation of the senses are known 

hecanso wo Inve'l nndo)-.stand a .situation at a .lance 

eeption is of the oh '7'- of thi.s and (hat stinniin.s. Good per- 

tiaV Ho „ ,4 ns <<' <'>o pilot ; in fact, it i.s ah.solutolv e.s.sen- 

much and poreoive- ^ ^ "‘■'*>”>d helow, and with cxporience learns 

fir u "“-••nintrlc.ss to one who makes his 

the tZZzZon " 

ous nn^lcln•ersTIUlTt'Vo*'lcaIm'^*'**'" 

•speed of the airei-af( .Hanv of ( he , definiloly related to the 

well that (hov hooooie nl.\ ' < , ^ • fspomsos of (ho pilot nui.st he learned .so 

reaction nin.sl bo initiated wi/J. n is demanded, and sound 

learned, or when one’s nieniorv'errsrf-.Ttef 

and too often penalties are ex^cterfo, f , cflectively re.spond. 

tI -I =di;?:::z: 1 • zz “ z. 

lion p„,„«a,-s. givins eo^c"";, .“itlMCuo.'lf '' 
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Other processes with diffienItV and (Lit di.stin.inshed from 

order to tZ ins’iiZ’ " ""'n ^'’^th etTeetive learning, for in 

oiciei to take instructions wel it is ncccss-icv n * i * t oi 

on the subject at hand. Modern -.iZtX , " concentrated 

built with more than one eimine va -hh 1 ^ '' P^^'tormnnee, 

retractable landing gears, de-icers radi'o an J 
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Die ooi o V 1 ’V” ”” oocupalioii is it more iiiiportept to have just 

li e p. oc.se development of attent.on for that pnrtiei.lar job than in pilotins 
an airplane. 
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The desirable type of individual must have this faculty of attention de- 
veloped to the’ proper degree — a too highly developed degree of concentration 
may even make a dangerous flyer. Such an individual becomes so absorbed 
in concentration on one particular thing until that goal is reached that he is 
oblivious to everything else. Individuals prone to "absent-mindedness are 
usually concentrating so entirely on something else that they can pay no atten- 
tion to the problem at hand. 

On the other extreme is the distractable individual, who seems to lack the 
capacity to concentrate at all. His attention is so susceptible that it will not 
remain fixed long enough for him to comprehend the meaning of any of the 
stimuli he receives so rapidly. Xoi’mal span and control of attention is cer- 
tainly one of the requirements for a flA’er. 

Emotion. Perhaps there is no vocation in which the emotional factor plays 
a more important part than in aviation, for when man is flying he is completely 
out of his element, surrounded by countless dangerous situations, his life and 
that of his passengers depending upon an emotional stability which will enable 
him to react at times with lightning-like rapidity. It is well known that re- 
sentment, irritation, anxiety, surprise and many other emotional states retard 
the thought processes and interfere with normal voluntary control over our 
co-ordinated movements. ^Vhile under the influence of an emotion, one may 
make mistakes and eiTors of .iudgment which would not have been made under 
other circumstances. It is even conceivable that one may become "paralyzed” 
ivith fear. 


The emotionally unstable pilot is apt to carry financial, family or other 
troubles into the air with him, with the result that he is preoccupied and inat- 
tentive. The question of emotional stability is extremely important and flying 
personnel should have above the average emotional control. 

Reaction Time and Age. The regularity and stability of an individual’s 
reaction time are as important in flying as in any other calling where quick 
ikcisions and actions are required. The time factor is so aU-important in the 
game that those individuals who are even a little slow in their thinking 
mid actions are at a distinct disadvantage. Reaction time may be modified by 
'aanj causes, such as infectious diseases, fatigue, and other factors. However, 
asifie from such conditions, individuals vary greatly in their speeds of reacting. 

■e question of reaction time has held a prominent place in studies related to 
* le problem of flj-ing for many years. 


^ outh is a desirable characteristic of the flyer. Reaction time becomes 
■ mu-r as we grow older, .though this slowing down process varies in different 
prisons, ^tith increasing age, particularly in po.stprime years of life, there 
'mil plasticity of the learning faculty. Habits of long duration guide 

one’s activity, and new ways and things are assimilated with 
lenity. j\nQ should be given a verv definite consideration in selecting those 


'vlio 


are to fly. 


coi ^ psychological phases of aviation which we 

"ulv'ir selection of the individual who is to fly. 'We should select 

"1 tin individuals who have a fortunate combination in desirable degrees 
1 psychological factors we have here discussed, and such individuals will 
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Tiir; .loi'HiVAi, or oAitoitATOuv and n.iNioAi, m]:i)ioini: 


tiot 1)0 found to bo i"iro. No df)ul)t iiiniiy liuiidi’ods of tliousniuls of or'liiinry 
ndulls arc well oqiiippoil as luitoiitial military llyors, but it slioiihl bo miiom- 
bored that tlioi'o arc otliors, in not insifriiifioanl nmidtor.s, wlio for psyoIioloL'ioal 
I'oasons slionld dcfiiiitoly not tly. 

Maitiicnancc. IMaintonanoc of pcrsoiinol is’ not a inattor M’liioli is ])ornI)ar 
to flic Air Force; however, in addition to tlie nsnai jiroeodiires sneli as hytriciip, 
sanitation, diet, rest and relaxation, wbieli arc essential to all, lliere are cer- 
tain specific problems wliieli arc nnif|ne to aviation. 

Tbereforo, in any lotrical discussion of tbo subject it will bo necessary to 
incntioii only briefly some of the problems that wo, a.ssoeiated with aviation 
modieino, are vitally eotioernod with as liavin'.r a direct bearintr on tbo iiiain- 
tenanee problem: 


1. o.woKX Axn nicni ai.titudi: i'lvixo 

The eomiiosilioii of the atmosphere is uniform below the stralosjihcre, i.e.. 
apiiroximately 70,000 feet. 

IIY VOI.VMi; 

O.xypen 

Xitro^ani 7S'',r 

Rare inert frase.s J';r 

As air is eonipressible, if is denser at lower than at higher levels .so that the 
decrease in pre.ssure on ascent in 1,000 feet is trreater near the Ki'onnd fhnti it 
is, for examjile, at 20.0UO feet. At 18,000 feet pre.ssure has fallen to half that 
of the frrouml level. 

Partial pre.s.sure in a mixture of a number of erases is that pre.ssure exerted 
by any one iras within the mixture. It is projiortional to the pcrceiifaL'O ot 
that gas in the mixture. O.xygen being apjiroximately oiic-lifth of the afiiios- 
plierc by volume exerts a jiartiiil ju-e.ssure of 7G0/5 mm., which equals 152 nun. 
at ground level. 

Oxygen saturation of the hemoglobin of the blood depends on the partial 
pressure of the oxygen in the lung.s. At ground level the partial pres.sure ot 
oxygen is sufficient to nearly .saturate the blood leaving the lungs, so that tak- 
ing extra oxygen at gi-ound level for short periods, while doing no harm, does 
no good except in certain insfance.s. Between 15,000 and 18,000 feet the at- 
mospheric pressure has fallen to 428 mm., and the o.xygen partial pressure ui 
the lung to approximately' 50 mm. of mercury. AVhen the partial pressure of 
oxy'gen reaches 50 mm., the hemoglobin can only- be approximately 75 per cent 
saturated, and the tissues are unable to get sufficient oxygen. 

Lack of oxygon affects all ti.ssues of the body', and e.xposure to even sligld 
degrees of anoxia too slight to produce immediate effects will in time impau' 
efficiency' and lead to unncce.s.sary' discomfort and fatigue. 

a. The Brain. Psychological . — Defective judgment, spurious self-confidence; 
lack of self-criticism; inaccuracy'; lack of appreciation of time, and the like. 

Bcasoning. — Alertne.ss dimmed, all menial processes slowed down, later un- 
consciousness comes on -without the individual being aware of anything abnormal. 

b. Vision. By day the light may appear dimmed and acuity' is dimmed. 
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By ni{)ht adequate oxygen is of even greater importance because even the 
slight degree of oxygen lack at 4,500 feet considerably impairs the ability to 
adapt one’s eyes to dim lights and to discern objects dimly illuminated. 

c. Cold. Lack of oxygen causes the hands and feet to feel cold, and if this 
occurs, supplying oxygen brings a flood of warmth within a few minutes. How- 
ever, exti’a oxygen will not prevent one’s feeling cold if one is inadequately 
dressed. 

It should he noted that the above changes, at least in the earlier .stages, 
are not appreciated by the individual himself. Even syncope is such an im- 
perceptible process, that the subject on recovering consciousness may be com- 
pletely unaware he ever lost it. 

Our Air Force now requires oxygen to be used as follows ; 

n. All flights of 10,000 feet over one hour’s duration. 

h. All flights to 15,000 feet rcgardle.ss of duration. 

c. Prom the ground up when the rate of climb is 2,000 feet per minute. 

d. Night from ground up. 


2. bends or DECOJIPRESSIOX SICKNE.SS 

II hen air is breathed into the lungs, oxygen alone is absorbed b.v the blood 
\ )Ut by the simple physical laws all ga.ses pass into solution in the fluid 
in^th'^ lilood proportionate to their partial pressure. Thus the nitrogen 
'^ plasma is in equilibrium Y-ith nitrogen in the air at ground level. Dur- 
Pi’sssure of nitrogen in the air, of course, falls and nitrogen 
g as out of the blood in just the same way that carbon dioxide comes out of 
slor ^ u'hen the pressure is reduced by opening the tap. If ascent is 

asee'/'^.^ nitrogen has time to diffuse through the lungs. If, however, the 
hubhJ great heights, the nitrogen comes out of the blood and forms 

block ibe vessels and tissue fluids, causing the tearing of the tissuc.s and 
cai«^'’V° ve,sse]s. This diseoverj- was fir.st made when investigating tlie 
of .si™ t bends, in divers. Divers at 200 feet are exposed to a pre.s.sure 

botiv'^fl ''"bilo at this depth more nitrogen is absorbed in their 

conim-e^-' ascent takes place they suffer from bends, but slow de- 

'Icvclori'^'T completely prevent the illness. A similar condition may 
'vitli It ascent is made to 30,000 feet or more at rates of climb attained 
0 Hie modem aircraft. 


3. ACCELEB.VTION or .\CTI0X of CEXTKIFCG.U, force ox FILOT.S 

out of g %’ug along any arc of a circle, whether produced by pulling 

batio.s In ^ f’"bt turn, a diving spiral, or any combination of fighter aero- 
boii wliiV] ff from the center of the circle a centrifn gal aeeelei'a- 

the rafV„)/^e*^v 7 directly as the square of the linear velocity and inversclv 
die mass Ii ’^^^^'-bt is a force and is o.xpre.ssed as the product 

'"'^’"•tim^ niJn I • " or “(J.” Hence, when a pilot 

bu-ron.ses"i„ ,1 of several times that of gravitv. his weirdp 

times “ 0- . ,'n ’r"": P'-oPorti..n: and at a eeiitritimal acceleration of seven 
bt thV], ,P ~ normally, weighs 1.2(50 pound.s. Everv 


in the 1 1 - ’ •■"i-maiiy. weighs J.:^(50 pi 

j takes part in this increase in weight. At 


ripproxiinatelv 


584 


Tin: .lounxAi- oi* i.AnoiiATOin- and oi-inicai- mkdk'INi: 


seven “G” tlie lilood becomes’ as lieavy as moiled iron, (/onsequently, tlic 
•weight of the iiydroslatie eolnmns of blood, which lias to remain nnallered in 
order to maintain the circulation through the brain on the arterial side and 
the inflow into the heart on the venous side, increases to an extent that cannot 
adequately bo met with by the venous mechanism which returns the blood to 
the heart from the abdomen and legs and in the eaiiillaries of the alidoininal 
organs and leg muscles where the cross-sect ional area is very large. -i\.s a cnn.'^c- 
qucnce of these circulatory changes, there is a fall in the blood prc.ssurc in the 
large ve.sscls sujiplying the brain and eyes, and, when this reaches a given value 
for the individual jiilot, failure of vision oecui’s, which we call the “black-oiif,’ 
and if this force continues for an ajjjireeiabh' length of time, unconsciousness 
will eiKSuc. It has been constantly noted that a succession of “black-outs 
without impairment of eonsciousness is followed by undue feeling of lethargy, 
lassitude, impairment of mental coneentration, or, in other words, estrenie 
fatigue. Average young iiilots in good health will take -IVL* to h 
four .seconds without a black-out. 

4. OCCITATIO.VAI. I’ATKUU: 

The word “fatigue” here is used to describe; (a) A com])lcx and rather 
vague clinical condition which is often thought to constitute a definite di.scn.se 
entity, whenever a subjective sense of tiredness predominates, (b) Intracellu- 
lar or other tissue changes, resulting from overstimulation. 

Occupational fatigue has been a subject of jiaramounf interest to phy.si- 
cians interested in industrial medicine and to medical officers in the military 
services for ’a great many years. Its presence greatly diminishes both the 
quantity and quality of the work rendered by the woi-ker in industry, or the 
military man in one of the armed forces. At no place in the military service 
is fatigue so likely to occur, and if it does occur, it is not of such importance 
as in the Air Force. 

The term “fatigue,” when used in connection with flying, has come to he 
attached to a syndrome found in flying personnel, particularly those engaged 
in operational or combat units. Its manifestations are the effects of such work 
upon the normal individual being .submitted to an abnormal amount of stress. 
Many^ terms have been used to describe the condition, such as acroncurosis. 
flying .stress, operational fatigue, staleness and others. I prefer to use the 
term “flying fatigue” as it seems to me that this is the most dc.scriptive— any 
change from the normal can thus be as.sociated with the etiology' of the conditions. 

Nervous breakdown in pilots has been noted since the early days of flying. 
In military aviation, where the pilot not only must handle airplanes powered 
with one or more motors of extremely high horse power and be subjected not 
only to the effects of the resulting vibration, speed, rapid changes in altitude, 
but also Avhile managing this machine, to the stress of close formation fl.ring 
and fighting in the air, fatigue makes its appearance much earlier than when 
flying for pleasure in commercial airplanes. It must also be kept in mind that 
the lowered efficiency resulting from fatigue in military flydirg personnel is 
very likely not only to affect the indiA'idual himself, but also to endanger 
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indirectly the lives of all those who may be associated with him. jMany of our 
military combat planes of today carrj' crews of from three to ten men. In 
carrying out a militai’y operation, exact timing and co-operation on the part 
of every member of the combat crew are necessary, and the results obtained 
are not likely to be any better than the efficiency reflected by the weakest 
member of that crew. 

The "Flight Surgeon” of the Army is charged ■udth the selection and inain- 
Umnce of flying personnel from the phy.sical standpoint. In the selection of 
applicants for flying training, he attempts to select only those who not only 
meet the high physical standards necessary for arduous military field service 
but also only those who possess the necessary psychological qualifications to 
enable them to complete flying training and to withstand the flying stress or 
occupational stress,” which will be imposed upon them to a severe degree 
by combat flying. If proper selection is made, maintenance of the individual 
mill likely not become a difficult problem; however, our biggest problem in 
mamtenanee is flynng fatigue. The variability of the relative proportions of 
the subjective and objective symptoms of flying fatigue renders it difficult to 
diagnose them in the early stages. The trained flight surgeon will be on the 
lookout for the early and insidious symptoms of this weakness so as to in-stitute 
prophylactic measures against its full development, with resulting total loss of 
Ine individual to combat flying. 


PHYSIOLOGY OP FLYIN'G* 


Haz.vrds and Kemedies 


Lieut. Col. D. Bruce Dill, D.ayton, Ohio 


Fh ^ hazardous undertaking, and it is fitting to discuss here those 

^ azards that are physiological in nature. It has been popular to think of 
chief hazard of high altitude flying. "WTiile it is no longer of para- 
’^Portance, it still deserves some attention. The man breathing air at 
of .s saturate his blood almost eompletely' with oxj'gen. The range 

•'a iiration is remarkably narrow usually being -within the limits of 94 to 96 
gQ -I results in a partial pressure of oxygen in arterial blood of about 
body T become accustomed to that condition ; the tissues of the 

blood organized on the basis of that partial pre.ssure of oxygen in 

Irom them. The one organ mo.st sensitive and which suffers greatest 

and brain. This hazard of oxygen lack arises between 10,000 

bigber’ • the pilot is not using his oxygen supply. As he goes 

"■bon oxygen supply, even a.ssuming it is functioning perfectly, 

— — reaches an altitude of about 37,000 feet, he again begins to become 

from Collrclcd Lccturen of tho MetropollL'in .«tato Hoppital, 
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anoMc ll,c roAson is oominonly ovvv}o<,ki-<] hy modhal sUuhvU and pl.v.siolo- 
f'l , «PP''C'natc the fact as tlu- tala) pvossiiro docmisos a point is 

oT^hl V'' ' I'l'xxl is not sntiirntc'fl This end- 

ca ,J mule E. •"•omu .37.000 foot, and hreaOnnjr ox.vE'en at 40,000 foot is- 
II J b equivalent to l.i-call.in.-r air «t jfKOOO feet. Tiio t/mit. of eon..oio.i.snc.ss 
oieathinf'’ pure oxy<reii i.s near •l.'j.OOO feet. 

otcTifiortc ^ '"’leh (e.ss welt understood is arroanholism. It 

if™! 1 rT'' “""“I'l..'.-.., ».,<i ,,i JO, 000 M ii 

soimin., fi' 1 i'" '*’',*‘yO*o*re. A.s :i rcKull, lenrls to )>p i-oloii.w] Irom 

mr 7 , ''■■"■c in o„r Inn^s « 

titn.st'itr'.,r.77"t.”i ooliiotilint: nvoi' .oriO tnni. Th.^i pj,s in llic liiiiL'S 

on.I tho ool' j'-r. 7 ''OniJiOf/nm tritfi (in- Mninl pj,nsiiifr (lu-onpli tin* Inntts. 
0 pint »"• ,I„n ,,l„.n, I.J volnmc,. 

-ttatnT;: 7. 

A , y- ’ ‘ '' xf the water in tlie re.st of the Imtly. 

carbon dioxide i t-<>.scou.s nifropen in t)ie hmly fluids and the state of 

understand!'' Wo 'w Tl8mT] fr" 

one-h'df and vy.f ' ^ ))ressure on the hodv is rediiecrl 

»or oven at 2ioorfeer aoroeiuholisn. here, 

toms dtn-jnrr a.ctj i ' * '’".OOP Aet. very tew peojilo ivill c.vpericnee symp- 

dufins the Sm f"; InZt'of ''' "" '» 

oen esennc7fmn777^ !” ^-'ttdjinntnni of Oioko fjnns is ttinl wliilc the nitro- 
eau.se trouhio In ” IT' "*• biibb/es formed are too .smnlJ to 

hies by the dimisioiTirno ILr Ti ' 

... X‘ ratoon dioxide and water vapor oxypen. 

a hot da^AvhilTT^ is that of occcicraliou. We know that a man may faint on 

that force and* fo!""t ‘xU uneominonly exposed to tlirce times 

we can ! f.?' ' time.s that acceleration of gravity 

a dive the“'p”'*’”T i*"^ ''<’0' i'heiy to occur. In a pnibout from 

man k IhfuS ''''' ^ ''' ‘’i' « ^<xv seconds. H the 

an IS sitt ng erect, venous return from below the heart will im -stopped, and 

he arterial supply above the heart, and in particular to the brain, will he 
1 . ndieappod. ithin a shoH time the heart i.s inadequately filled. There will 
le nxt a small amount of blood disebarped with each heat, and the tendency 
will be for blood that does leave the heart to go down rather than up. Most 
of our knowledge of the physiology of acceleration has come from Germany, 
where a centrifuge lias been in use for some years. TJiero are many important 
questions aAvaiting solution, such as the po.ssibility of selecting men who are 
resistant to acceleration, of determining- Die yaeiors titai make him either more 
or less resistant to acceleration, and of training men in tbo techniques of 
resisting acceleration. 
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A fourtli hazard o£ flying is cold. This needs no special emphasis here, be- 
cause the hazard of cold in high altitude flying is little difterent from that 
experienced by the man on tbc ground in cold climates. One point requires 
special mention — the relation of shivering to the problem of oxygen supply. 
In the present oxygcn-sup]fly systems it is assumed that the man is not going 
to use veiy much oxygen. However, if the man gels very cold and starts shiver- 
ing, his oxj'gen consumption then may go np to two to five times, and then two 
hazards may be superimposed, anoxia developing if his oxygen system is inade- 
quate for this emergency. 


Vibration can be put down as a fifth hazard. This properly includes noise. 
Some individuals are extremely resistant to noises. Others are rather sensi- 
tive, and it is safe to assume that the exliaiistion expei-ienced in flights of many 
hours’ duration depends in no small degree on this hazard. In a project at 
Harvard designed to study physiological effects of noise, physicists have been 
able to reproduce the ehai’acteristics of the noise of an airplane propeller with 
extraordinaiy fidelity. 

A sixth hazard which cannot be separated from these others is fear or 
anxiety. It arises from being in a strange emdronment, from being uncertain 
whether he is going to reach his field or whether, when he gets back, he will be 
able to land. If we add to the hazards already mentioned the emotional experi- 
ence of combat, it is quite clear that the combined effect is a serious strain on the 
organism, a strain that can be tolerated once or trviee or a few times but cannot 
’c tolerated too often ; there must be opportunities for recuperation. 


Haring presented some of the facts about the hazards of high altitude flight, 
nm going to return now to a more detailed discussion of some of them, begin- 
ning with anoxia. There is, first of all, an adaptive response to anoxia that is 
^c iered to depend on stimuli arising in the carotid body. Respiratory volume 
IS increased, thus preventing such a reduction in arterial oxygen as would other- 
ise occur. The extent to which respiratory volume can increase in extreme 
mioxia has been demonstrated by Dr. Cormnn and ^Ir. Horwath here at the iletro- 
Po itan State Hospital last summer. The respiratorv- volume reached 25 to 30 
_^eis Per minute merely from the stimulus of oxygen lack. The same patients, 
poisoned with carbon monoxide, would become unconscious nithout any in- 
fiea.se of respiratorw volume. 


a ■■ 1 ^**^*^ effects of oxj-gen lack on the muscular system? know that 

m- ” ^ f niiti’action of a muscle can be carried on equally well whether oxygen is 

"i-eat^*^ shoivn that a man at an altitude of 20,000 feet has as 

fiiuie under ordinary conditions. However, if he attempts to eon- 

fiv, ’ breakdomi, because reeoverv processes are handicapped bv 

gen lack. u . 

'nis iien-ous system the story is different. The functioning of the nerv- 

'^^^bcnds upon a virtually continuous supply of oxygen and almost 
I'niictl ^ V,’ ^ given stage of anoxia is established, the various mental 

inoii effect efficiency. Sleepiness, for example, is one of the com- 

a tiiim exposed to moderate anoxia may sleep for hours 

"ii'iincomf- miii moi'e severe exposure, the .sleepine.s.s may vercre 

loiisness. Stupor is not uncommon. The phenomenon of pereeveia- 
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tion is coinnionly seen. Wc linvc soinetinK-s askod anoxia .subjacis <o write a 
sentence that incliules the phrase “around the nifrfred rock.” It is a common 
error, when tliey get to tliis expression “around the rugged rock,’’ a phrase 
whicli in itself suggests repetition, to write repeatedly “around the rugged 
rock.’’ 

If anoxia is jirolonged, more un|)lea.sant effeels, such as nausea, headache, 
and vomiting, may occur. The headache may become most severe after the 
period of e.xposure, ns is also true in carbon monoxide j)oi.soning. 

An in.struetive illustration of both the direct and indirect efi'ects of failure 
of oxygen supjily may be given. The test .subject was riding a bicycle in the 
chamber at 40,000 feet. "We had him liooked up to a cnrdiotachometcr, and I 
was getting ready to make an arterial puncture on the man while riding the 
bicycle in order to determine the adequacy of his oxygen equipment. I picked 
up the needle and .syringe and started to put a .sponge in a di.sh of alcohol. 
This dish instead of having the u.sual dye-colored fluid had a clear solution. 
I wasn’t .sui'o it was alcohol and I took off my oxygen ma.slc momentarily to 
sniff it. A few seconds later I again took off my mask to announce over the 
tclctalk that I was going to make the puncture. Then I rvalked around, facing 
the subject, but as I got into po.sition with the syringe in one hand and the 
sponge in the other, I .slowly .settled to the floor and leaned my head back 
against the wall of the chamber. Tliis, for the first few seconds, did not seri- 
ously alarm the man on the bicycle. He thought it was a peculiar thing to do, 
but in about ten seconds ho fully appreciated that T liad pa.sscd out, and also 
that there wasn’t anything he could do about it. He was hooked up to an 
oxygen system that didn’t permit him to get within reach of me. There was 
an observer on the other side, who signaled to the chamber operator outside, 
and within two minutes we Avere doMui to ground level. The most interesting 
observation made in that case Avas on the man riding the bicycle. His pulse 
rate AA-as 110 before my collapse; it rose to 120 Avlien lie first saAv me acting 
curiously, and then it Avent to 185 during the next ten seconds, A\-hen he ap- 
preciated that I had passed out. The ]es.son from this is that in a plane Avliere 
you are at a higher emotional pitch than is likely to be reached in a chamber, 
an accident to one man is certain to ha\-e a very poAverful effect on some of 
the other men. That is the time Aidien serious mistakes are likely to be made, 
leading possibly to disaster. 

Such an incident illustrates the .sort of experiences that one faces in the 
air, and I Avant to emphasize once more that in studying the problems of high- 
altitude flight, you should divorce from your mind the deep-seated idea that 
they can all be ansAvered by putting mice in a cage and subjecting them to 
loAv oxygen. 

Eeturning noAv to the subject of aeroembolism, I A\-ish to say a little about 
protection against it. Since it is produced by the formation and groAvth of 
nitrogen bubbles, it Avould appear reasonable to try eliminating some of this 
nitrogen before starting a flight. The most effective means eonsists in breath- 
ing pure oxygen during exercise, the nitrogen, of course, being gradually 
CAmlved by the lungs. Exercise that raises the metabolism to four times the 
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resting level, involving a respiratory volume of twenty liters a minute and an 
increased circulation rate, will result in the release of at least half the nitrogen 
of the body within a half hour. Tlie man is then able to undergo a greater 
reduction in pre.ssure or to stand a veiy much longer exposure to a given 
altitude than would ordinarily be the case. This procedure is likely to have 
usefulness in some missions. It oliviously cannot be used in defense warfare, 
because a man on defense has to be reads’^ on a minute’s notice. It seems that 
it could- be made practical in offensive operations or whenever missions are 
planned ahead of time. 

The ob\ious method of protecting against the anoxia and cold, as well as the 
aeroembolism of extreme heights, is the pressure cabin. You have heard of the 
commercial plane that maintains a small positive pressure in the cabin so that 
when it is 20,000 feet, the effective pressure inside is equivalent to 10,000 or 
12,000 feet. There is considerable advantage in this. The military pre.ssure 
cabinet is still on the blueprint stage so far as I know. On paper at least, it 
Js possible to make a cabin that at 40,000 feet will maintain a pres.sure within 
equivalent to 10,000 or 12,000 feet. Compression of that air will heat it enough 
to keep it comfortable. 

^ Something should be said about visual function of pilots. A subject about 
which I presume you have heard much within recent years is night blindnes.s. 
There was a great furor about two years ago, and one of the first published 
papers in this field indicated that vitamin A deficiency was rather common, 
•ilany measurements have beeir made during the last year in military personnel, 
and practically speaking, you never find a ease of poor night vision improved 

Vitamin administration. However, these studies have been useful in reveal- 
'ng a wide variation among healthy men, a variation that appears to be in- 
ented; at any rate, it is relatively constant in a given man. It remains to 

? '^vmme the practicability of selecting men with exceptional night vision for 
flight flying. 
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A viation moclicinc is a nowcomcr .'nuonii llio jnodiciil Kpccialtios. I( "as 
. horn during llio IMrst World War, whon the lack of fitness among airplano 
pilots became strikingly ajiparent. Some idea of the urgency of the problem 
at that time ean be gained from the fact that in the British forces DO per cent 
of the ])lane casualties during the first part of tlic "'ar "’cre due to pilot error, 
and only about 2 per cent of the plane casualties were due to enemy aelioii. 

Steps wore immediately taken to improve upon the method of selection of 
pilots and to do a belter job in the maintenance of their health and fitness. 
Cci'tain criteria were laid down which served as a yardstick for selection. For 
the most part, they dealt with the [ihysical criteria for .selection, and the 
value of the standards laid down at that lime is attested by the fact that they 
have not been materially altered since. 

Following the First World War. aviation medicine received a setback, and 
interest was not revived until the great development of commercial aviation, 
which began in the late twentic.s. At that time various studies were made, not 
only "dth regard to the care and selection of jiilots. but also with regard to the 
comfort and .safety of pa.ssengei's. Now the major interest has again shifted back 
to militaiy aviation, "nth the on.sel of the .‘Second World War. At the pre.scnt 
time, there arc many and important problems requiring solution, and this 
condition has come about so abruptly that there is a nreat lack of trained per- 
.sonnel in this field. 

Many people at this time are under the impre.ssion that the modern air- 
plane has I'caehed such a state of perfection that the pilot’s work ha.s, there- 
fore, become much easier and simplified. Actually almost the rever.se of this is 
true. The airplane, as Dr. Ilunsaker of the Massachusetts Institute of Tech- 
nology points out, is still .subject to the laws of gravity, will still .slip and fall 
into a spin, and still prc.sents many of the “old difficulties” in flight. "With 
every increase in the reliability of the airplane, there ha.s al.so been an increase 
in expectancy of performance. Increasing the .speed of the plane and the 
height to which it may ascend ha.s served to introduce such prolilems as aero- 
embolism, anoxia, and the black-out. None of these problems were of any 
great significance during the First "World AVar, but are of first importance at 
this time. 

THK SELKCTION OE lULOT.S 

Someone has said that out of about thirty-odd billion people born in the 
woi’ld, only about five thousand cA^er amounted to much, and that is someAvhat 
the way it is Avith the selection of pilots. Out of a large number of apparently 

lecture XXII. reprinted from Collected T^cctxn-e.i of the Metropolitan State Hospital, 
AA'^altliam, Mass., 19I2. 
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healthy individuals, only a small niimlior arc reallj’’ fitted, both physically and 
psychologically, to pilot an airplane. Annstrong has stated that if a man is 
examined and is found to have no obvious physical defects and is satisfactory 
for any ordinary type of oecuiiation, he still could have a hundred defects 
which might disqualify him from becoming a good pilot. In addition to the 
physical defects there arc, of course, the psychological aspects to be considered, 
and the pilot’s aptitude for flying. 

Some idea of how few are fully qualified for military pilots is gained from 
a study of the pilot selection at one of the training stations. The majority are 
selected from the students in nearby universities, although a number apply 
from all over the United States. First of all, these college students are sent a 
questionnaire, which they fill out; if certain basic educational and physical 
requirements are met with, they are given the physical examination. This 
examination is quite thorough. It not only includes the usual physical exami- 
nation but also includes a careful examination of the special senses and a “short- 
arm ’ psychological examination. As a result of this procedure in a tj-pical 
sample of T53 candidates, onlj* 42 per cent were accepted as representing suffi- 
ciently good material to start training. Thus, in an already select group of 
individuals, about 60 per cent were immediately disqualified. Of those that 
are finally selected as student pilots, somewhere between 25 per cent and 40 
per cent are eliminated during the first six months of training. This repre- 
sents, of course, not only a large economic loss, but, what is more important in 
" ^^fnne, a serious loss of time and effort. 


^ problem then is to devise some system of selection whereby only 
ose who are likely to succeed uill be permitted to enter training. The prob- 
cni has been attacked in various ways. For example, the physiological and 
chologieal characteristics of successful pilots have been analyzed in an 
01 1 to obtain criteria for selection. Another method has been to carry out 
aiious examination procedures and tests on all the incoming pilots and then 
^oe if those failing and those succeeding make different scores on the various 
os s It is noj; tie hoped that any single test will separate the good from 
'0 lad material, but it is hoped that some day a battery of tests udll be dis- 
eoiered which will greatly aid at least in the selection process. 

'cal given to the maintenance of health and phy.s- 

that pilots. Periodic examinations now are required in order to insure 

limi physical requirements are being met. In commercial amation a 

of eighty-five hours a month has been set as the maximum flying allowed, 
pilot'^'"^ fi'cre has come about an increasingly close relationship between the 
^ 0 and the flight surgeon, with the common objective of keeping the pilot 


fi.vi 


"'g as long as possible. 


OXYGEN LACK 

important problems in aviation medicine results from the 
decrea.se in oxygen pressure with increasing elevation. Every 
'•cdiiml'^Tr^ depends upon the supply of oxygen, and when this is 

die bod’v niwst I'c restricted accordingly. The extent to wliieh 

. IS aftected depends not only on the altitude reached but also on 
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llic rate o£ ascent and the lonj^th of lime aloft. (Jcrlain ])Iiy.sio!of,dcal clmr- 
actcristies of the individual arc iniporlnnl a.s is the stale of hoallh. As Dr. Dill 
has pointed out, the aviator or airplane passenpor inahes certain adju.stmcnt.s 
as the rc.sult of reaching a hi^di altitude, Imf, unlike the nionntaineer, he under- 
goes little or no acclimatization even though oft-repeated /lights are made. 

Commercial nii7)]ane.s for tlie most part fly at altitudes below .10,000 feet 
but in certain regions they lly at altitudes of 14,000 to 15.000 feet and may on 
occasion go even higher. A recent Civil Air Regulation requires the crew to 
use additional o.vygcn if Hying above 12,000 feel or if (lying above 10,000 feet 
for thirty minutes or longer. Xearly all (he commercial planes which (ly at 
altitudes over 10,000 feel contain equipment for o.xygen administration to pas- 
sengers. In military aviation most of the /lying is still done at relatively low 
altitudes, but some is done at elevations between .'15.000 and 40,000 feet. At 

40.000 feet the alveolar o.vygen tension of a pilot inhaling jiure oxygen cone- 
.spends to that of a pilot breathing air at 11,000 feet. From a practical stand- 
point it is nearly impossible to pix'vent slight leakage u'hen using an oxygen 
mask, so that the degree of anoxemia usually exceeds the theoretically cal- 
culated amount. 

Veiy briefly I will discuss .some of the effects of oxygen lack, particularly 
on the nervous and cireulatoi-y .system.s. 

If ano.xia is rapidl.v produced, as in an actual or simulated ii.scent in an 
airplane, the first and most important eft’cets are seen in relation to the central 
nervous sy.stem. Psychological impairment to .a slight degree may be observed 
below 10,000 feet but it becomes more definite at liigliei* elevations. At. first 
there may be a feeling of well-being and even euphoria. A false sense of en- 
hanced powers is often experienced, which is in many re.spects similar to mild 
alcoholic intoxication. This state gradually passes into one of mental dullness 
at elevations around 14,000 to 15,000 feel, and some persons become .sleepy. 
At this stage of decreased sensory acuity vague feelings of uneasinc.ss and 
bodily discomforts tend to disappeai’, the anoxia acting somewliat as an anal- 
gesic. At higher elevations the .signs and symptoms of anoxia become progres- 
sively more marked, and fainting or unconsciousness occurs. Few, if any, 
imacelimatized persons remain conscious at elevations in the neighborhood of 

25.000 feet. 

The obvious treatment for symptoms of anoxia, or better yet, their pre- 
vention, rests in supplying an additional amount of oxygen. The most prac- 
tical method of giving additional oxygen is by means of a mask fitted over the 
nose and mouth. This procedure is quite sati.sfaetory for elevations up to 

35.000 feet or a little higher, but above that level the partial pressures of water 
vapor and carbon dioxide in the alveoli form too large a part of the total pres- 
sure and even breathing 100 per cent oxygen is insufficient. It then becomes 
necessary to supply oxygen under pressure as in a supercharged cabin plane. 

My own interest in aviation medicine is concerned chiefly with problems 
relating to the cardiovascular system. In considering this problem, it is essen- 
tial to distinguish between the direct effects of oxygen lack on the heart and 
the effects on the peripheral circulation both in the healthy person and in the 
patient with heart disease. 
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"Witli regard to tlie lieart itself there is mrich evidence that a person with a 
normal or even a diseased heart may withstand surprising!}' severe degrees 
of oxj'gen lack without evidencing heai't failure. 

Healthy subjects during high altitude flight or those exposed to low oxy- 
gen tensions in the lahoratoiy rarely complain of sjnnptoms directly referable 
to the heart. 

The dyspnea which may be noticed is not severe and is due to stimulation 
of the peripheral chemoreceptors by anoxemia and is not a sign of heart failure. 
Pain of cardiac origin is never noticed and palpitation very rarely. The fatigue 
which commonly appears during long flights, and the .state of easy fatigability 
which follows, is probably related to the effect of anoxia on the central neiw- 
ous system. 

Of all the circulatory changes due to diminished oxygen tension, acceler- 
ation of the heai’t rate has been studied the most. With successive decreases 
in oxygen tension the rate continues to increase slowly, but the increase in rate 
is not marked until extreme degrees of anoxemia are reached. Sometimes there 
is little change in the heart rate or actual slowing and bradycardia may be 
associated ivith the collapse. 

The changes in blood pres-sure due to increasing anoxia follow several 
fairly well-recognized patterns. In the majority of healthy persons there is 
little change imtil the oxygen in the imspired air has fallen to low levels. Then 
Ihere may occur a gradual rise in sy.stolic and a fall in dia.stolic pressure, with 
consequent increase in pulse pressure. In susceptible persons exposed to mod- 
erate degrees of oxygen deficiency, fainting may occur and there is a sudden 
fall in both .systolic and diastolic pres-sure. This fainting reaction is in the 
nature of peripheral vascular collapse and is caused by cerebral anoxemia and 
rs not due to heart failure. In a few soibjeets there is little change in blood 
Pleasure until unconsciousness supem’enes. It is only at this stage of crisis 
that the fall in blood pressure may be directly attributable to a failing heart. 

The cardiac output increases in healthy persons at rest under conditions 
of moderate anoxia. This increase may be regarded as a compensator}' or 
adjustment mechanism. With marked decreases in oxygen tension the cardiac 
output may fall as a direct result of cardiac anoxia, but this stage is never 
reached under present flight conditions, ilore studies along this line are neces- 
sary before the relationship between anoxia and cardiac output is properly 

understood. 


There are many reports, e.speeially in the older medical literature, deserib- 
l^i^j^‘'*udiac dilatation or hypertrophy in mountaineers or in those resident at 
.shV There are also a few published observations purporting to 

•' ’on that cardiac enlargement may occur in aviators or in subjects e.xposed to 
^ ueed bai-ometric pressures. Etienne and Lamy observed slight to moderate 
lac hypertrophy in ten of the eleven aviators of a celebrated cscadrillc. 
in'^'l ^””^”^ured that this hypertrophy developed in two stages and invariably 
tlicV^” ventricle. In the firet stage, wliich lasts only a few months. 

’'olulively rapidly, and this is followed by a .second 
• ■ -'e astuig two to three years, in which the hypertrophy is slowly progressive. 
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TIIIC .lOI-’ltNAI. OF I.AllOitATOUY AND {.'I.INICAI. AIKDIflNi; 


Wliitnoy ohsorvod dihitiitioii (liy iH‘rc.nssi«in) of tin; iiwirl in fivo of fon lipaltliy 
.sul),i(>(;ts as a rcsull ol' a i-odiictidti df bardnictric pi'cssiiro siinnlalinp an altitiido 
oT liclwoen 14,000 and 20,000 iVci. fiH'i-cast'.s- in Iran.svansn fliameior of from 
3 to 5 eni. wove said Id ocoiir. ],.o Wald and Tiirroll, on tlio oilier hand, in a 
earcfnlly oonf rolled rneni "■eiidloirieal slndy of S!) aviators under eonditions 
simulalinn liiph altitude. ohservd<l a deerease. in size of the heart in 14. no 
enlargement in ()(!, and an apjiarent enlarf'emenl in 9, In (i of these 9 the 
inevease in size was exjdained by alterations in (he jm.silion of (lie dia|)hra'rm 
while in (he remaining the transverse enlargement was only 0.4 eiii. or less. 
It is now quite fxenerally agreed that tlu' normal heart, if the subjeet i.s at rest, 
docs not dilate even with •rreatly lowered o.xypeii tension.s. This eoncln.sion is 
borne out by animal studies in wliieh it is shown (hat eardine dilatation does not 
l)Cp;in until the oxy'^en saturation has fallen to about 50 per cent or hehov. 

The elect roeardiopraiihie ehaimes have been studied dnrinir aetnal flieht 
conditions as well a-S under eonditions siniulalin>r hiudi altitudes in the labora- 
tory. In healthy jiersons these ehanpes consist of jiroyrcssive lowcrine' of the 
S-T sefriiients and T wa\‘es with inereasin<r anoxia. Oeeasionally, the T Avaves 
may be diphasic or even sli<,ditly inverted. Some of the most marked electro- 
cardioprajihic ehanfies observed in healthy .subjects were obtained by Hr. (.'or- 
win and Mr. Horvath in ex[)erinient.s on acute anoxia conducted in this hosiiital. 
Especially marked Avas the loAvering of the S-T seirments and T Avavc.s. 

That alteration in the carbon dioxide tension alone may cause elcctro- 
cai'diographic cliaiifres has been described by Barker and othei-s, and avc have 
confirmed these observations as to the loAverinir of the T Avaves and .slight doAvn- 
Avard displacement of the S-T scfrmenls folloAvin>r OA-ervenlilation for three 
minutes. That oveiTentilation may be a factor in lAroduein? (ho elect roenrdio- 
praphic ehanfres ob.served at Iii?h altilude.s is hiplily probable. 

Thus, in normal persons (he symptoms Avhieh may ajAiiear under conditions 
of civil or military aviation aud the changes in eivculat\>vy dynamics do not 
indicate heart failure but may be considered in the nature of adjustments or 
eompen.satory reactions to the o.XA'gcn deficiency; the most trii.stAA-orthy cA-i- 
dence Ave have supports the view (hat the normal heart is not damaged. With 
rc.spect to peripheral circulatory collap.se this may oceui- in susceptible indi- 
Auduals CA'en at relatively Ioav altitudes and is due ])rimarily to (be effect of 
lack of oxygen on the central nervous system. 

DKCO.AII’RKSSIO.X II.DXIXS 

Decompression illne.ss is another hazard which must be considered. AVlicn 
the atmospheric pressure is suddeiAly decreased, such as oecui-s during rapid 
ascents to high altitude.s, .sAunptoms arise as a result of the forjiiation of gas 
bubbles in the body tis.sue and fluid.s. This bubble formation takes place in 
accordance Avitli the laAvs governing the solubility of gases. Blood passing 
througli the lungs is exposed to the gases in the atmosphere, and each gas is 
absorbed according to its partial pressure. RclatiA-ely large amounts of nitrogen 
go into solution because of its high partial pressure, Avhilc oxygen and carbon 
dioxide are taken off in smaller amounts. The body has .sjACcial tran.sport. sys- 
tems for oxygen and carbon dioxide but not for nitrogen, AA'liieh is i-elatively 
inert and obej's the laAvs of simple solution. Noaa-, if the atmospheric pressure 
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is decreased, the liody tissues and fluids tend to give up tlie dissolved gases, 
prineipally nitrogen, hy way of the lungs. If the decrease is sudden and of the 
order of half an atmosphere or more so that the concentration of nitrogen is at 
least double what it should be, this gas will come out of solution and fomi 
bubbles to which is added some oxygen, carbon dioxide, and water vapor from 
the surrounding blood and tissues. There is considerable difference in opinion 
regarding the height of ascent before clinical .symptoms appear. Armstrong 
states that gas bubbles arc found in the spinal fluid at 18,000 feet while bubbles 
in the blood and tissues generally have not been found below 30,000 feet. He 
believes sj-mptoms are rarely noted below 30,000 to 35.000 feet. However. 
English obseiwers are of the opinion that symptoms may appear at lower alti- 
tudes than these. The most dangerous s\'niptoms occur, of course, when bubbles 
appear in the blood stream. Aeroembolism of a cerebral arteiy may lead to 
severe central neiwous system disturbance while if the coronary arteries are 
involved, heart failure may result. This, then, becomes an important problem, 
especially in military aviation. Hr. Dill, in the previous lecture, has told you 
of his striking experiences rnth aeroemboli.sm. 


ACCELERATION 

Another adverse influence on the cardiovascular system is that of cen- 
trifugal forces (due to positive accelerations amounting to as much as nine 
tunes the force of gravity) which may be encountered during the combat 
maneuvers of modem fighter aircraft. The effects of positive accelerations when 
these are in the longitudinal axis of the body are obseiwed mo.st dramatically in 
the displacement of blood from the upper to the lower portions of the body. 
Eorces greater than 4 to 5 “G’’ acting for three seconds cannot be sustained 
without sjTuptoms. If the force acts only for a short time, the blood supply 
to the eyes and then the brain becomes deficient, and the vision becomes dimmed 
or lost. If the centrifugal forces act sufficiently long, the venous return to the 
mart becomes inadequate and complete circulatory collapse ensues. Hr. Dill. 
"I the previous lecture, has de.scribed the underlying physiological changes 
end the symptoms produced. 


AmPI.ANE SICKNESS 


Sick 


Uviiess in an airplane is usually due to the movements of the plane or 
ox\gon lack, or a combination of both. Sometimes the former is referred to 
be latter as altitude sickness, but as both conditions may 

P'csent at the same time, a term such as plane-sickness is useful. 


:kness is akin to seasicknc.ss both in etiolony and .symptomatology, 
le Up and down movements of the plane are the chief immediate cause, but 


role' factors such as fear, fatigue, alcoholism, etc., play an important 

oe. 1 ersons who develop airsiekne.ss readily do not make successful jiilots. 
n on oeca.sion even a pilot of long experience becomes sick. 

t]. vomiting may be caused by oxyiren lack and mav be a di.s- 

in'^orl" acute altitude sickness. Pilots will often fly hi"her than usual 

heUveem Jr"" <-«'-ipromi.se imist be worked out 

lough” air and adequate oxygen and “smooth” air and deficient 



596 


Tin: jouiiXAL or i-AucnAToitY and n-ixiCAi. Mr.DiciNi: 


oxygen. The .story i.s lolrl of a Sontli Ainoriean pilot avIio 'vvas inforniefl by the 
steward that only eight box lunches liad been jnif aboard for fonrtocn pas- 
sengers. He said, “Don’t worry, 1 will gel you out of that fix,” and began 
to ascend to a higher altitude. In a short time so many of the ])assonger.s hatl 
lost all notion of eating that there was a sitrplus (tf box lune.hes. 

nAiiACin; 

Changes in atmospheric ]u-essure naturally affect any gas-filied cavity which 
is closed. Of chief importance in this regard is llie middle ear. Normally, 
the Eustachian canal is only a )>utcnlial tube, and it may be, necessarj' to 
chew gum. yawn, and maniimlate the tissut's anterior to the head of the 
mandible in order to ojien the tube lem[)oi-arily. If there is swelling duo 
to a cold, the individual may sufi'er acutely, and sometimes it has been neces- 
sary to delay a landing because of tins. 

CONCI.USIOX 

In conclu.sion it may lie emphasized that many iiroblems jici'taining to 
aviation medicine await solution. Only a few have been mentioned hero and 
notable omissions include julot fatigue, cold, glare, vibration, etc., and the 
many problems of medical organization. 


PHYSIOLOGY OF FATIGL'K* 


Factors and CniTiauA oi- ENounANCi; 


Linux. CoL. D. Bkuck Dili., Dayton, Ohio 


T he subject that I am going to di.scuss first is the dependence of fatigue 
on stresses. It is wcll-hnown to all of you in your experience as medical 
students that fatigue is a phenomenon that can be studied in an isolated nuiscle. 
The muscle can be given a task to do which at first it is able to do, and for 
some time, minutes or longer, it will continue to do at a rate which is main- 
tained constant. Eventually a time will come when the work out of that 
isolated muscle will begin to fall off. That very simple conception of fatigue 
is applicable in some respects to all foi-ms of fatigue, wliethcr it is physical or 
mental. AVe say that fatigue is a state in which the organism has lost its 
capacity to carry on. It has a limited capacity for work. In the isolated 
muscle we can tell pretty well ■what .some of these changes are. If the work 
has been carried on, for example, in an atmosphere of nitrogen, chemical 
changes can be detected by analj'sis which depend on the use of the enei'gy 
reserves of that particular system anaerobically. If the system has been in 
an atmosphere of oxygen, work will be carried on longer, and the nature of 

•Lecture XIX, reprinted from Collected Lectures of the Alctropolitnn Stnte Hospital. 
W^altliam, Mass.. 1942. 
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the hreakdoira ■will be different. In the intact organism the picture is more 
complicated, but ■we can jiroduce a state in the sprinter, for example, similar 
to the state seen in the isolated muscle. The sprinter is called upon to trans- 
form an enormous quantity of energy within a very short time. He has sup- 
plied nearly all of the energy from certain reserves that can be used without 
oxygen. IVhen the woi-k is done, there is a period of recovery in which exti-a 
oxygen is used, and eventually the original state of tlie organism is restored. 

Another tjqie of breakdo^wm is one m which there is less heavy stress, but 
one of much longer duration. To give an illustration we enter another field of 
sport, that of the marathon race. In this we see a man working at high 
capacity for two and one-half or three hours. The chemical picture in this 
case is a very different one. The quantity of anaerobic energy available to a 
marathon runner is not of any significance. Since his energy expenditure is 
distributed over a period of two and one-half or three hours, he must rely upon 
oxidative processes. If we draw blood from a marathon runner when he has 
fimshed the race and compare its composition ■with that dra^wn fr'om the man 
who has finished a sprint, we get important clues to the processes which have 
gone on -within the muscle in the two cases. In the sprint we may find a blood 
sugar concentration of 150 or 200 mg. per cent. We may find a lactic acid 
concentration of 150 mg. per cent, -ivhich is to say fifteen times the normal 
resting level. The high blood sugar concentration in the sprinter may be in- 
terpreted as meaning that he has a copious supply of available carbohydrate. 
Because of the physical exertion plus the emotional factors involved, his re- 
sen-e of carbohydrate has been mobilized and made available for this strenuous 
exertion. 


In the marathon runner at the end of his race we may find blood sugar 
concentrations in occasional instances as low as 50 or 60 mg. per cent and 
lactic acid concentrations of 15 or 20 mg. per cent. However much the emo- 
tional situation may have raised the blood sugar in the beginning, by the time 
the race is over the carbohydrate reserves are depleted, blood sugar is apt to 
he at a low level, and the fuel is almost exclusively fat. The fact that his 
lactic acid concentration is low is evidence that he has not been expending 
energj- anaerobically ; oxygen has been supplied as fast as the fuels require it. 
These tn-o contrasting conditions, the one depending largely upon anaerobic 
"ork, the other depending exclusively on aerobic work, represent two tj'pes 
of stresses placed upon the organism. The fir.st is a very intense stress of short 
c uration ; the second, a less intense stress of longer duration. 

The third tjqie of stress to wliich attention must be paid is that of moderate 
egrees of exertion carried on for a very much longer time. We can give as 
•111 illustration of that the present-day laborer in heavy industries, for example, 
I' 10 still has hard work to do and who today may be working overtime — ten 
loins a day instead of seven. His fatigue is more like that of the marathon 
iinner than it is like that of the sprinter: however, the biochemist cannot tell 
iis 'iory much about the fatigue of this laborer who may work ten or twelve 
^ e.xperiences fatigue, but it is composite in 

a ure. made up in part of physical factors and in part of p.svchological or if 
>011 wish, mental factors. 
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THE JOUItXAI- 01' I,An01!,\T0ItV AND CIANICAIj MKDICIN'E 


In tliat connection, I tliink it is worth while to refer here to the exporiciicc 
in England during the last year with overt inie laljor, Tliis subject was studied 
very thoroughly in England during tlio last war, and the eonelusinn was 
reached that beyond some I'casonable limit, nothiiiLr was gained Ity lengllieniii" 
the work week. However, history repeats itself, and a year ago at the time 
of the collapse of the Frenoli, the Eriti.sh Avorknian was called upon to give up 
his holiday weekend, to give u]) his leave, and to ])ut in extra hour.s. mounting 
up to seventy or eighty hours a week. For a few weeks the output increased, 
and then it began falling off. and before long the weekly output had decreased. 
An inquiry was made by officials ;ipj)ointed to consider this jiartieular question. 
They reached a number of significant conclusions; one of the most impnrlnnl 
is that under their conditions the most effective woi'k week did not (“xceed 
fifty-five or fifty-six houi'S. They analyzed many individual instances of failure 
to maintain weekly output. Aftei' men had been tir<‘d out by these long hour.s, 
they decided they must have a day off. Instead of Sunday, when they received 
extra pay, they would take AVednesday. Among those who tried to put in 
these long work weeks there were more illne.sses, iiieia'aseil loss of time because 
of accidents, and a general breakdown of morab'. After this survey had been 
made, it was recommended that the work week should not exceed fifty-five or 
fifty-six hours. This experience has a ))raelieai lesson foi’ America, because 
increasing prcs.sure is being put on workmen for greater output. They are 
being encouraged to give up their vacations, and 1 understand that many 
workmen in this countiy aiv, at i)j'e.sent. putting in seventy or eighty liours 
a week. This is a very shortsighted policy bound to fail of its jiurpose in the 
long run. 

Another Ij'pc of stress involves very little in the way of physical effort 
but docs involve mental or cmotioiml stress of various soi’ts. T am not qualified 
to diseu.ss this here; it is a field in which you are exj)erts and I am not. but 1 
again want to give you a simple illustration, and perhaps at the end .some of 
you will wish to make some comment on it. It is not oidy workmen wlio are 
called on to pnt in overthnc; c.xecutives are doing so habitually. I think this 
is a mistake, whether in private busine.ss, among civil servants, or in militaiy 
circles. The idea that a man can work at his dc.sk foi- eight hours a day, go 
home and work another four hours at niglit is fundamentally unsound. It pro- 
duces a fatigue that results in decreased output. Such an executive is likely 
to find himself going through the motions without thought or considerate action. 
I am going to risk saying that, a good many of our diiTieulties today aidse from 
the fact that the men at the top are too busy to think. 

The second question which T wdsh to discuss is the dependence of fatigue 
on endurance. No matter what training is given a group of candidates for a 
track team, some will turn out to be superior and some i 7 iferior. In othei’ 
words, one aspect of the dependence of fatigue on endurance is the native 
endowment. AA’'hether we speak of the purely ph.vsical endowment or of mental 
characteristics, there are inherent differences which must be taken into ac- 
count. Differences in native endowment are important in the selection of pilots 
as those of yon "who are medical officers well know. The same is true for 
selection of men in any walk of life. Our sprinter is a man with a very unusual 
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endowment; unusual mental powers are not required, but be does have legs 
of a particular type, a heart of unusual capacity, and a ■will to “put out.” 
In prolonged physical effort a different type of endowment is required. The 
sprinter is likely to be a short man with hea\'y' legs, ivhereas the successful 
maratlion runner is commonly thin and wiiy. We have made some tests of 
the capacity of various types of athlete.s in the Fatigue Laboratory'. The one 
striking characteristic of the highly successful distance runner is his very great 
capacity for supplying oxygen to his body. The most notable example is Don 
Lash, the two-mile record holder of a few years hack. He weighs 140 pound-s or 
something of that sort. In a lahoratoiy test we found that he could supply 
5.35 liters of oxygen per minute. ^lost of us here cannot supply much more 
than one-half that much. That eharacteri.stic depends first on the capacity 
of the lungs to absorli the oxygen, of the heart to circulate the necessarily largo 
quantity of blood required, and finally, a distribution of capillaries in tissues 
that favors the rapid delivery of as much oxygen to the cells that are doing 
the work. 


The executive who can do this job of working twelve hour.s a day without 
breaking down must have very unusual mental endoinnent. He is a man who 
is able to take these continued stresses and bear up under them. He is able 
to con-sidet one question at a time, settle it, drop it from his mind, and take up 
another. I say again that I am not qualified to discuss fatigue of this sort, 
but it intrigues me a great deal. 

The other point important to this subject, i.e., to the dependence of fatigue 
on endurance, is, of course, the role of training. I said that any group of can- 
didates for a track team could be trained indefinitely and great differences in 


performances would persist. However, all of these men are going to improve, 
and it ygj.y interesting physiological problem to determine the nature of 
this improvement, I\Tiy is it that a man can report for track team at the 
beginning of the year able to run a mile in five and one-half minutes and after 
three months’ training become able to run one mile in four and three-fourths 
minutes? That improvement in the course of three months is not impossible. 

e have made a good deal of study of that development and know a good deal 
now as to just what happens in such an individual. In the first place, the 
improvement is, to a considerable extent, dependent upon .skill or coordination. 
The man at the beginning is not merely covering a linear di.stance of one mile, 
mt at every stride he is raising his body much more than is necessary. With 
eicry lift of his body a certain amount of energy must be expended. If you 
■‘*bidy moving picture records of the skilled runner as compared with the un- 
V'' minner, you will see that the .skilled runner goes along with only a 
ignt undulation of his body ; a large portion of his energy expenditure pushes 
"is body fonvard. 


There is aZ.so the development of conditioned reflexes. The coach at the 
ginning emphasizes time after time the proper methods of running. At finst 
le runner takes thought for every stride, hut eventually after he has done 
IIS for weeks or months he is able to run without giving thought to these 
Aspects of liis job, and then he has time available to consider the other aspects 

nmmiig, to pay some attention to his competitors, and to judge the timinf>- 
iUS Ttlcc, ^ 
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THE JOUIiKAE 01' EAUOIIATOUV ANJ) C’fAKICAE MJCDICIKE 


That simple illuslrntioii ap])lic’s to every ■vvallc of life. VCe liavc .seen, for 
example, steel mill workers earryinti: out operations with ease that are .siinj)l.v 
impossible of attainment by the inexperienced man. That is jjossible because 
they have learned to do the job the eas.v way; they have aerinired eonditionod 
reflexes such that without j^iviu" tboutrht to their job they can carry it throii/rh. 
That has great advantages in industrial jobs other than llie mere conservation 
of physical energy. It means that the man who lias learned his job well eiioiigli 
to carry it through without much thought has his mind free for reveries. 

No doubt part of the role of physical training is the increase of muscle 
mass. The blacksmith has the largo and powerful arm; it has bceome so in 
part because of the training it has had. No doubt inusclcs increase in .size and 
strength with continued use; they liyjierfrojihy if you wish to use tiiat word. 
"We have heard of the hypertrophy of the heart duo. to hard museular cfTort 
over a long period of time. As far as I know, cardiologists have found nothing 
necessarily abnormal about large hearts in athletes. 

In a man undergoing strenuous training llierc may be an increase in capac- 
ity for utilizing energy aeroliieally. A man before h<- has become trained may 
utilize three liters of o.xygen a minute, and maybe d.5 liters a mimite after 
strcnuoius training. 'With prolonged and very slrennotis training-, it can he 
incrca-sed more than that. There may also he. as reported by Kohin.son and 
Harmon of the University of Indiana, an increased en])aeity for anacrohic 
utilization of energy. 'J'ho highly trained man can jnish Ids blood lactate to 
twice as high a level as is attained by the untrained individual. That is an 
indication the anacrohic utilization of energy can be developed l)y long stremi- 
ou.s training. 

The third topic I wish to discuss is the fpicstion of tests of jdiysical fitness 
and the criteria of phy.sical filne.s.s. I'nfortunately, there i.sn’l any adcqvmtc. 
simple test of physical fitness. As physicians you all employ .some simple test 
of physical fitness. You liave your palient.s walk up and down stairs or .step 
up on a chair or sometidng of that .sort, and you get some .sort of idea as to 
their physical fitness. Some of you are familiar with Schneider’s test. 'While 
useful for some purposes, (his ajiparently doesn’t gi\-c a reliable index to 
physical fitness. It is still used by fliglit .surgeons, and it is believed to be 
useful in judging neurocirculatory stability. A reliable measure of physical 
fitness must put the whole body under a strc.ss, calling for maximum effort, not 
merely by a small group of .skeletal musclc.s but liy tlie heart itself. Enough 
skeletal muscles must be put in use to approach the capacity of your cardio- 
vascular system. 

In one such test developed at the Fatigue Lalioratory, the man first walks 
on a motor-driven treadmill at about 31A miles an hour and on a 9 per cent 
grade. This is continued for about ten minutes, wliile we collect expired air, 
determine his oxygen consumption, measure his iicart rate, make various blood 
tests, etc. This serves as a warming up period for the later test. After a few 
minutes' rest wo speed up the treadmill to 7 miles per hour and have him run 
for five minutes or for a shorter time if that is impossible. In this test a meas- 
ure of capacity of the individual to supply oxygen to his tissues is obtained ; 
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this, to our minds, gives the most precise index of the over-all fitness of the 
cardiovascular system, and for that matter of the whole body as a machine. That 
figure, the maximum intake of oxygen, shows a wide variation among indi- 
viduals, depending upon the original physical endowment,' the training which 
a man has had, and the age of the individual. He reaches his maximum around 
the age of 20 to 25, and thereafter declines, perhaps as much as 50 per cent 
by the time he is 70. This sort of te.st is like that the engineer makes if he is 
called upon to compare the performance of two engines. He doesn’t merely 
measure energy output and gas consumption while the engines are idling. 

Some such test, if simplified, may have practical applications. "We know 
that the Germans segregate unusually qualified individuals; veiy extensive 
psychological and neurological tests are made of men to find men of unusual 
mental capacities, and we know that they have troops sorted out on the basis 
of physical endowments. Storm troops were organized in the last ivar, and 
they are certainly playing a role in the present war. How can you select such 
men? That is a subject to which much thought has been given at the Fatigue 
Laboratoiy, Harvard University, during recent months. The “Pack Test,” 
developed there and widely applied in both emlian and mUitarj’- circles, ap- 
pears to give the most reliable index to physical fitness. i\Ien who pass this 
tost successfully not only are good athletes, they are tough fighters. 


the influence of AjMPHETAJHNE (BENZEDRINE) SULFATE 
AND CAFFEINE ON THE PERFORMANCE OF RAPIDLY 
EXHAUSTING WORK BY UNTRAINED SUBJECTS* 


E. E. Foltz, M.S., M.D., M. J. Schiffrix, M.S., Ph.D., axd 
A. C. Ivy, Ph.D., M.D., Chicago, III. 


JT Has been reported^'^ that amphetamine sulfate, d-desoxjmphedrine hydro- 
clfioride and caffeine increase endurance to muscular work of the tj-pe that 
IS performed by trained subjects during a hike or a march with a pack. Caffeine 
ms been shown to increase the rate of recovery in trained subjects after an 
austing rifig qj^ bicycle ergometer." We desired to ascertain the effect 
” ‘‘'mpbetamine and caffeine, given one hour before the work period, on the 
output of work in untrained male subjects doing rapidly exhausting work. 


METHOD 

i wenty-tbree untrained male subjects were used. They reported to the 
a miatory one hour before each first work period to take their capsules. Thc.se 
ooiitaincd a placebo, or 10 mg. of amphetamine, or 0.5 Gm. of caffeine sodium 
and were indistinguishable from one another. 

Physlologj- and PliarmacoloSi-. Xorthwe.^tom Univ<r.«Ity Alr-dl- 
AIiUii by the Abbott Fund of Xorthwosicm University. 
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TIIK JOUIIN'AI. or I-Al!OU\TOUV AND CI.INICAI, Mr.OK.’lNn 


The Avovk was done hy Ivaving each svdijeet Kk')> n)' wooden 

stand with one leg and down ini tin? saino leg once every three .seeoiuls until 
he conld no longer maintain this rate. Each subji'ct carried a knapsack on his 
back wliich was loaded, to the nearest r> poimds, with a n'eigdd equal to one- 
third of his own weight. Each subject would work to fatigue, re.st for three 
mhmics on a noar-hy bed. tlien work to fatigue again. 7'his jirfjcednre was 
carj’ied out three times on each sulijeet with at least a day’s rest in between. 
One time (he subject received the placebo: one time he received (he amphet- 
amine; and one time he rcceivefi (he eafi'eine. Tlie sulueets were staggered 
.so that at (he end of each double work pernul ajtproximatidy one-third of them 
had received the piaeeho, another one-third tlie amplielamino. and the other 
one-third the calYeine. 


Su.MMAr.v or \Voi;k Kxrri:iMi:sT.s 
(2.t Sulijects) 

TAtii.t; I 

ErmT or Dia'cs 



: isr wotiic rnaoK | 

1 2.M> woi:K ria;ioi> | 

[ TDT.M. WOliKI.Vt: 


iiANCii: 

AVKKAfa: 

TiMi: 

r..\Kor. 

AVr.KAdC 1 
TJMi: 1 

1 

KAKOi: 1 

AVKiiAta: 

TJMK 

rANOK 

.wrr.Aor. 

i 

{•OCQU<ls 

1 1 

1 I 

l^Or 

on(].< 

Placebo 1 

oo-:i7i 1 

IS!) 

1 o.l-.lnt I 

tor 

]21-(!2!i I 

200 

hi -9.') 1 


.Vinpliotamino 

S.'i-.Tl.'i , 

20,1 


Jt2 

I 

.'it;* 


1 c-f) 

CafTeino 

5C.-520 ! 

181 

1 42*272 ■ 

101 1 

102-7r.,> 1 

2S.') 


1 01 


T,\nt.r, H 


KKrriT or Ti:.\i.\ino 



l.ST woi:k PKiaoii | 

1 2xn woiac rr.r.ioD | 

1 TOT.M, Wor.ICl.VT, timkI 


UAKCn 

AVKKAdK 

TiM:r. 

KANC.r, 

AVEIUGI; 

TIME 

llANOn 

AVKIiAOn 

TIMH 

r..\N*r,!; 

.wi:r..\oK 

1 

Experiment 1 | 
Experiment 2 
Experiment .3 

.‘■•ecc 

50-251 

00-301 

102-520 

nuts 

M2 

100 

205 

Ib 

H 

.«CC01 

102-111 j 
115-02.') j 

irs-sis 1 

rids 

220 

202 

10.0 

H 

B 


ni-sruT.s 

The results are to be found in Tables I and IT. In Table T are the data 
showing the results with llio placebo, amphetajuino, and caffeine. As is evident 
tliere is no significant dift’ercncc between the tbi’Oc, In Table II arc the data 
.sliowing that the subject’s work output improved with jjractice. It is evident, 
tlicn, that training bad a much greater effect on peiformance than did the drugs. 
It will be noted that the general per cent recovery remains very constant in 
both tables. Table II, however, shows a tendency for it to decrease as the 
work output of the first period increases, wliieli is in keeping 'with n'liat we 
have found to be true m the past.^ 

The drugs produced no side effects, except that they caused most of the 
subjects to report that they felt euphoric and as if they could do a "lot of 
work today." The euphoria, howcA'ei*, did not permit them actuallj” to do more 
work of the type performed. 
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CONCLUSIONS 

1. In this experiment the effect of training overshadowed any eft’ect the 
drugs may have exerted. This type of te.st is inadequate to determine the 
effect of the drugs used on work output. The experiment emphasizes the impor- 
tance of training. 

2. The average per cent of recoverj' in this series is veiy constant. 

3. The average per cent of recovery tends to decrease as the average work 
output of the first period increases. 

REFERENCES 

L A. C., and Krasno, L. E.: Amphetamine (Benzedrine) Sulfate; Review of Its 
Phannacology, War Med. 1: 1.5, 1941. 

2. I\y, A. C., and Gotzl, F. E.: d-Desoxyephedrine (Pervitin or Methedrine), War Med. 

In press. 

3. Foltz, E. E., I^-y, A. C., and Barborka, C. J.: The Use of Double Work Periods in the 

Studv of Fatigue and the Influence of Caffeine on Eecoverv, Am. J. Phvsiol. 136: 
79, 1942. 


THE INFLUENCE OF xUMPHETAiMINE (BENZEDRINE) SULFATE, 
d-DESOXYEPHEDRINE HYDROCHLORIDE (PERVITIN), AND 
CAFFEINE UPON WORK OUTPUT ANT) RECOVERY WHEN 
RAPIDLY EXHAUSTING WORK IS DONE BY 
TRAINED SUBJECTS® 


E. E, Foltz, IM.S., M.D., A. C. Iiw, Ph.D., M.D., .vnd C. J. Barborka, 
M.S., ]M.D., D.Sc., Chic.vgo, III. 


INTRODUCTION 

^INCE it was found by Foltz, Schiffrin, and Lw' that practice or training 
overshadowed any effects that amphetamine and caffeine may have exerted 
on the work output of untrained subjects doing rapidly exhausting work, this 
study on trained subjects was undertaken. It has been shoivn that caffeine 
nicreases the rate of recovery from exhausting exercise in trained subjects." 


METHODS 

Pour medical students were u.sed. They were proiided with board and 
loom m a hospital near the laboratory". Their food intake was under control ; 

leir diet was adequate in all known components, a certain variation in tlie 
lielcefion of food items being permitted. The subjects were chosen on the basis 
of their willingness to cooperate, and not on the basis of muscular development, 
le vork of the tests being their only source of physical exercise. The double 
I'ork periods occurred on ^Monday, Wednesday, and Friday afternoons at the 
same time between 2 and 4 o'clock. The subjects worked 
figornotcr described by Kelso and Hellebi’andf,''- at 
uiclors (kg.m.) per minute, with a pedaling rate of 54 r.p. 

Phy."iolo(jj- „n4 riinrm;xcoloi-j-. Northweno.m 


on the bicycle 
a rate of 1,2.35 kilogram 

m. 


by the 


ScJiool, 

Abbott Fund of Northwe5tom trnivor5ity. 
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The periods of training of the siii)jcels prior to pcrforniing these tests 
varied from tliree to sixteen monliis. The sul).ioe.ts worlicd to complete fatigue, 
rested ten minutes, and then vorlced to complete fatigue again.- Tlic end point 
of fatigue was the point at wliich they could no hmger liold the needle on the 
dial at the rate of 54 r.p.m. 

The amphetamine (10 to 15 mg.), de.soxyophcdrine (5 mg.), and eatfeine 
.sodium benzoate (0.5 Gm.) were alway.s administered intravcnon.sly. I’liey 
were given at various times (thirty seconds to 'iO minutes) ])rior to the first 
work period to determine their efTect upon work output, and amplietaminc and 
desoxyephedrine Avere given immediately after the first work period to deter- 
mine their elTect upon recovery, as measured liere, from fatigue. Tlie effect of 
caffeine upon vecoxevy is reported el.se\vhere.= Placebo injections (.sodium 
chloride .solution) wore given at random as controls. All solutions Avere color- 
le.ss. The drugs Avere giA'en intraA-cnou.sly to ol)tain rapid action, and because 
this group of .subjects had previou.sly obtained A-arious therapeutic agents by 
a similar route to control the rate of absorption. 


ui:.si:i.T.s 

Various subjective sensations Avcrc reported by the subjects. After the in- 
jections of amphetamine, tAvo .subjects felt definitely "keyed up," and both 
experienced more leg pain during and after the Avork periods. The other two 
subjects reacted identically to both placebo and amidietaminc. Desoxyephed- 
rinc .seemed to increase the leg pain in one, to decrease it in another, and to 
cause insomnia in three subjects. In one case, Avhen it Avas given immediately 
after the fir.st period, it .seemed to di.spel fatigue. TJ)i.s sen.sation of being 
rested Avould last until he had Avorked for about ten seconds in tlic sceoiul 
period, Avhen ho Avould begin to feel as tired as tJiough he had only had a 
placebo injection, and his reeoA'cry Avas not enhanced. This is in contrast to 
the response of this subject to 0.5 Gm. of caffeine sodium benzoate, given in the 
same manner.- This drug Avould also stimulate the subject, but the stimulation 
Avould last throughout the second period, and gi-catly increase his reeoA'cry. 
After being given either desoxyephedrine or caffeine for the rest of the day, 
this subject would feel extremely alert, and Avould experience difficulty going 
to sleep at night. One subject complained of Aveakness and giddiness folloAviiig 
the fii'st Avork period, after having received de.soxyephcdrine prior to Avorking, 
and one reported no sensations from the de.soxyephedrine. All four subjects 
reported definitely stronger immcdijitc .subjective sensations from the caffeine 
and desoxyephedrine AA'hen the drugs Averc given before the first period than 
Avheii they Avere given after the first. 

The results obtained by giAung the drug before the first period are shoAAm 
in Table I. It is evident that the amphetamine had no significant effect. Hoav- 
ever, desoxyephedrine and caffeine definitely increased the AA'ork output. With 
the increase of AA'ork done in the first period, the expected decrease in per cent 
reeoA'ery occurred. 

The results obtained by giving the drug immediatelj^ after the first 
period are shoAvn in Table II. In the case of amphetamine it appears that the 
work output Avas enhanced. HoAveA-er, if this Avere true, the increment Avould 
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be in the second period -work output and the per cent recovery would be higher 
than that of the controls. Because these qualifications are not fulfilled, no 
effect can he attributed to amphetamine. In the case of desoxyephedrine the 
per cent recovery was increased over that of the controls. However, if this 
were significant, certain other data should he present ; namely, the first period 
work output of both the desoxyephedrine and the control series would be ap- 
proximately the same, or that of the desoxyephedrine would be more ; the sec- 
ond period and total Avork outputs rvould be significantly increased in the case 
of the desoxyephedrine. Since such is not the ease, it cannot be said that 
desoxyephedrine significantly increased recoA'ery. 


Table I 


Drug Givex Before the First Period 


SUBSTAXCE 

TRIALS 

SUBJECTS 

DOSE 
nr iCG. 

1ST PERIOD 
WORK OUT- 
PUT (KG.AI.) 

2XD PEPJOD 
WORK OUT- 
PUT (KG.AI.) 

TOTAL 'WORK 

OUTPUT 

(KG.iI,) 

% 

RECOAHET 


10 

9 

10-15 


2,862 

7,432 

63 

'JOTltTOlt 

10 

2 



4,793 

3,117 

7,910 

66 

l^esoxyepliedriiie 


4 

5 


5,750 


66 

ContTolt 

1 

4 

- 


5,105 


72 

Ualfeme 

iBS 

4 

500 

5,805 


9,716 

66 

Control t 

■■ 

4 

- 

5,201 


8,868 

70 


Table n 

Drug Gives liiiiEDiATELV After the First Period 


SUBSTAXCE 

TPOALS 

SUBJECTS 

1 

DOSE 
nr ifG. 

1 

1ST PERIOD 
WORK OUT- 
PUT (KG.AI.) 

2xd period 

WORK OUT- 
PUT (KG.AI.) 

TOTAL WORK 
OUTPUT 
(KG.AI.) 

% 

RECOVERY 

Amphetamine 
Control f 

17 

17 

4 

4 

w 

6,764 

6,478 

4,167 

3,931 

10,931 

1 10,409 

'63 

62 

Desoxyephedrine 

Controlt 

31 

31 

4 

4 

0* 

_ 1 

6,660 

6,790 

4,692 

4,510 

11,352 

11,300 

70 

66 


*In six trials less iivas used. 

ot training^^'°*'® 'work outputs of the several control series result from different stages 


SUMMARY 

The effect of amphetamine, desoxyephedrine, and caffeine upon work out- 
put, and the effect of amphetamine and desoxyephedrine upon recovery in sub- 
3ects doing rapidly exhausting Avork have been observed. All three drugs 
stimulated some of the subjects mentally, so that they felt “keyed up” and 
uiore alert. The immediate subjective sensations resulting from desoxyephed- 
I'lne and caffeine Avere much more pronounced when the drugs were giA-en to a 
nonfatigued subject than AA’hen given to a subject folloAA-ing exhaustion. Am- 
P letamine did not enable the subjects to Avork longer, nor to recoA’er more 
Lapully. Desoxyephedrine did enable the subjects to work longer, Avhen it Avas 
giAou before Avork began, but it did not hasten recovery when given to the 
cxiausted subjects. Caffeine also enabled the subjects to Avork longer and. 
'u ac dition, hastens recovery Avhen gii-en to exhausted subjects.- 


COXCLUSIOXS 

As measured by this method : 

wnrJ' amphetamine injected intravenously do not increa.se 

output in the trained subject doing rapidly exhaustive work. 
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Till; .TOUHNAI/ OK I<AI50UAT0UY ANI> CMN'ICAI, MICDICINi: 


2. Five milligrams ol! desoxyoiiliodrine iiijeclod intravenously into tlie non- 
fat igucd subject, increase work output. 

3. Onc-lialf gram of caffeine .sodium laoizoate injected intravenously into 
tlie non fatigued sulijeet inerease.s work output. 

4. Neither 10 mg. of amphetamine nor .o mg. of destt.syejtlicdrine injoelod 
intravenously into the fatigued subject actually enhance the rate of recovery 
from heavy work carried to the point, of '‘e.vhaustion”; caffeine in adequate 
doses docs." 

.'i. When stimulants are employed, they .should be chosen according to 
whctiicr it is desired to inei'case the work ouf)>nt of tinfatigued subjects, or to 
enhance the recovery of fatigued sulijeet.s, 

Tlie drugs in .some instances definitely improve subjective feeling tone and 
eau.se the subject to feel as though he can and is actually doing moi'c work. 

It should be remembered that the foregoing observations pertain only to 
rapidly c.xhausting work, and not to the type of work performed during a march 
or while standing guard. 
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PLANTAR RKFLRX AS A CRITERION OF ENDFRANCE® 


Paul I. Yakovi.kv, JI.l)., WAi>Tn.\M, Maks. 


Y OU HAVE ju.st heard an authoritative and instnietivo di.sen.s.sion of the 
problem of fatigue and endurance by Dr. Dill. 1 am quite aware, there- 
fore, that I am taking a measure of liberty in adding a few remarks of my 
own on the behavior of the plantar rclic.x following a prolonged locomotion as 
a criterion of endurance. 


It is generally known that the Btihinski sign or plantar extensor response 
of the big toe occiir.s as a result of a defieicncy of the function of the cortico- 
spinal tract. It is usually taken as a sign of a grave disease; in fact, of a 
destructive lesion in the nervous system. ,Such a view, hoAvever, is incorrect. 
The extensor response of the big toe is normal in infants up to eighteen months 
of age. It is also elieitablc in normal adults during a profound sleep. It is 
evident, therefore, that a Babinski .sign need not imply necessarily a structural 
damage to the corticospinal tract, for it may occur in normal physiologic states. 
However, in individuals with a constitutional weakness or fragility of the nerv- 


•Eecture XX. reprinted from Collected Lectures of the Seventh I" 

Neurology and Psycliiatry, first semester. Military Neuro-psychiatA'. Metropolitan State Hos- 
pital, Waltham, Mass., 1942. 
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oils system, the Bahinsld sign occurs readily under varying conditions ivhieli 
ordinarily are insufficient to cause its appearance m the constitutionally anc - 
endoAved persons. It may occur, for example, after a pro onge ^cr ion, su 
as a long march. I ivould like to make clear that potentially a Bahinski sign 
may ivell develop in any individual if the amount of exertion and fatigue is 
brought to the point of severe exhaustion, or beyond that point. oncAer, in 
the constitutionally inferior individuals it deielops aftei a leatnei sma 
amount of exertion, insufficient to cause its appearance in norma peop e. 
occurrence of a Bahinski sign after an ordinary amount of exertion in a person 
otherwise appearing healthy is a cogent indicator of a eonstitiitiona m erioii y 
of such a person, and may serve as a criterion of endurance. As a tes o en 
durance it has the advantage of being technically simple. 

The assertion of the significance of the "exertion Bahinski” as a criterion 
of endurance is based on the folloAving obser\'ations ; 

Three years ago Farrell and I' undertook to study the effect of exertion 
and particularly of a prolonged loeomotion on the plantar reflex in a group o 
young and healthy college graduates in a reserve officers’ training camp, and 
in a group of the constitutionally inferior persons at a farm colony for mental 
defectwes connected Avith Walter E. Fernald State School. The results ivere 


as follows : 

In a group of 168 college graduates in a reserve officers' training camp the 
plantar reflex was examined before and after a Tnarcb of fotirteen miles nr- 
ing fflihtaiy maneuver.^. Of the 168 men thus examined, a Bahinski .sigii 
developed after the march in 12, or 7.2 per cent. In 10 of these young and 
otherwise healthy men, a Bahinski sign developed unilaterally and in 2 bilater- 
ally. Having thus obtained a relative measure of the effect of exertion upon 
the plantar reflex in a group of normal individuals, Ave haA e examined the 
plantar reflex before and after seven hours of ordinary fann Avork in a group 
of 22.0 adult imbeciles at the state colony. Of 229 mental defectiACs thus 
examined, a Bahinski sign developed in 49, or 21.4 per cent. The incidence of 
exertion Bahinski after a day of ordinary physical Avork in this group of eon- 
.stitutionally inferior persons ivas, therefore, three times that of its incidence 
in a group of college graduates after fourteen miles of forced march. 

Effect of locomotion. When a group of 60 mental defectives selected among 
lliose in Avhom after a day of ordinaiy faiTti Avork the Bahinski sign did not 
develop were put to a test of a march of ten miles, 13 per cent of them dei eloped 
a Bahinski .sign. After a march of an additional fourteen mile.s, 23 pei cent 
developed a Bahinski sign. It should be evident that locomotion was a par- 
ticularly offectiA'e mode of exertion, cansing the Babin.ski -sign to appear in 
ceftahi predisposed individuals. 

The incidence of an ‘‘exertion Bahinski” is as high in indiA’iduals present- 
ing other evidence of constitutional inferiority. Thus, last summer f^emrad 
and P examined the plantar reflex in 64 adidt males with' varioti.s fonns r)f 
chcotiie psyeiiosos, chiefly selu'/.tiphrcnia. before and after a walk of only six 
miles. After the Avalk 10 per cent developed n frank Babin.ski .sign unilaterally 
or bilaterally. 
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AVlieii the factors underlying the oecurrence of “exertion Bahinski” were 
investigated closer, interesting facts came to light. It was found that the 
individuals ivho endured a prolonged locomotion wUhouf dcvclopiuf/ a JiahinsM 
sif/7i showed a relatively normal time of devcloimionl of locomotion in infancy. 
They w.'ilkcd at ahoul tlic normal ago of one and a half ijcais. On the contrary, 
the individuals who developed a Bahinshi sie/n after exertion began to walk 
much later, namely, at an average of lira and a half years of aye, and tliosc of 
them who developed a hiiaieral liahinshi styn were the most delayed in. t!ic age 
of establishment of erect locomotion, for they learned to walk on the average 
as late as at ihrec and a half years of aye. 

It should he quite evident, therefore, that in certain individuals the occur- 
rence of Bahinski sign under influence of exertion .stands in direct relation to 
their constitutional endowment. If appears to he a pertinent indicator of the 
constitutional stamina of the individual. I believe this fact is of a distinct 
practical interest for military medicine. A .soldier who after a march of a 
few miles or at the end of a day of routine work develops an e.xtcnsor re- 
.sponse, e.spccially a bilateral Ibibin.ski sign, regardle.ss of his intellectual and 
physical .status othcrwi.se, .should be considered a poor choice for an a.ssignmcnt 
to .special ta.sk units in which phy.sical endurance is a prime requirement, al- 
though this limitation does jiof preclude such a .soldier to be proficient in 
other military services. 

Concluding, I would like to emphasize that the occurrence of “exertion 
Babin.ski’’ has nothing to do with the “intelligence’’ of the individual. It 
may occur in mentally normal and phy.sieally healthy college graduates as well 
as in imbeciles and in p.syehotic individuaks. although in the latter groups it 
occurs more readily and more generally than in the former group. 
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]\nLITAEY ASPECTS OF ALLERGY*^ 


Captain* Philip Blaxk, ^LC., U. S. Arjiy 


T he advent of drafting men into the armed forces has brought udth it the 
problem of allergy to confront the Army Jledical Corps. Until nou*, prob- 
lems invoMng allergic diseases have been minimized by the simple expedient 
of refusing to admit into the service all men Avith a history of a major allergy, 
and by discharging from the service those persons whose allergic problems 
became too troublesome. HoAveA*er, man power is important; it must be con- 
served and it must be utilized as advantageously as possible. The drafting of 
class EB men increases the problem of the conservation of man poAver, and the 
allergist is participating in the solution of this problem by aiding in the treat- 
ment and assignment of these physically inferior men to places and duties 
that Avill utilize to the greatest extent po.ssibIe their abilities, and at the same 
time release for combat dut}' those men aaRo are physically able to do the more 
arduous Avork. 

In World War I the specialty of allergy was too new to attempt the solu- 
tion of so A'ast a problem as Avas presented at that time. Allergy then had no 
official recognition, nor is it recognized officially by the Army at present. The 
fesult is that Ave possess rather poor statistics for most allergic diseases treated 
during the period preAdous to the present Avar. Fairly adequate statistics on 
asthma alone are available in Volume 15 of the statistical report of the Army 
Jledieal Department.^ 

During the last Avar the draft board rejections for asthma Avith emphysema 
and bronchitis aA*eraged 2.45 per 1,000.- It should be noted, hoAvever, that not 
all asthmatics Avere included in this category, since a.ssociated emphysema or 
bronchitis Avas necessarj* for rejection. In the Army between April, 1917, and 
November, 1919, appi'oximately 2.62 A\-hite soldiers per 1,000 and 5.60 colored 
soldiers per 1,000 Avere admitted to hospitals AA-ith the diagnosis of asthma: 
and 2,948 soldiers Avere discharged for disability arising from that defect. 
This represents 5 men per 100,000. Asthmatic eases caused the loss of 190,273 
days. During World AVar I only 2 men per 1.000 Avere diagnosed as asthmatic, 
AAhereas fifteen years later 12 per 1,000 A\*ere receiA'ing compensation for this 
ailment. 


Since V orld War I the field of allergy has groAvn lo such a proportion 
that it is now capable of dealing Avith que.slions of allergA* as a distinct military 
pioblem. Thus, in place of the inadequate treatment of the past, allergic 
I iseascs are now diagnosed and adequate treatment is attempted. Reclassifica- 
tion is substituted for over-all discharges, and conclusions based on inadequate 

in ormation are replaced by decisions haA*ing their foundation in knoAA'n and 
proA'ed data. 


J rom thr- StaUon HoFplt.al. Fort EufU?. VirRlnla. 
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In World War II tlio latest statistics fiiriiislied by tlio ofiiee of llie Surgeon 
General"' indicate an annual admission rale of 2.r)7 ])er thousand per annum 
for allergic disease, tiie certi6calc of disability disehai'ge rale is 0.10 per thou- 
sand per annum, and the death rate is nil. 

From these statistics of World War I and II it is evident that tlie problem 
of allergy is not a .small one and. considering its nature, very difTicnlt. 

The, military aspect of allergy resolves itself into tlwee separate problems. 
The first concerns itself ivith the ])rofe.ssional duties of the ..Army allergist ; the 
second with the correct distribution of allei-gists in the tables of organization 
of the medical department : and the third with the formulation of .specific 
])hysicnl standards for all major allergic disorders. 

The profe.ssional duties of the Army allergist deal with the dingno.sis and 
prognosis of allergic di.seases. A discussion of the routine methods of diag- 
nosis used in the field of allerg}' does not fall ))ro))erly within the realm covered 
by this dissei'tation. ITowevei-. the ju'Ognosis of the ability of the allergic 
soldier must be considered, and it nuist be emjdiasizcd that tliis is the most im- 
portant single task of the Army .‘illergist. lie, while ntfem})ling to perform 
this ta.slv .sueec.ssfully, mu.sf discover the answers to numerous and perplexing 
questions. Is the soldier fit for duly or .should he be rejected or discharged? 
If fit for duly, does this mean full duty or limited service? If the conclusion is 
that the mau is .suited for limited service only, what ai'c the .services he is 
capable of performing and u'here can he peiTorm them to the best of his 
abilities? 

Not. o))]y is the allergist capable of handling’ the major allergie.s. .such as 
asthma and hay fever, but his services are of indispensable value to the derma- 
tologic, e.vc, car, nose, and throat .sections of his hospital. It is he who shmdd 
investigate and control the contact .skin pi'oblems, cspcciall.v those cases involv- 
ing poison ivy and “laundry dermatitis.” Furthermore, many cases seen in 
these departments will respond promptly to an allergic regime but not to 
ordinary methods of treatment. 

Inasmuch as the amount of serum and vaccine therapy is exti'cmely great 
in the Army, the supervision of these therapeutic measures is a duly which 
.should fall in the realm of the allergist. It is well known that all soldiers re- 
ceive typhoid, smallpox, and tetanus prophylactic measures. If indicated, 
yellow fever, typhus, aJid cholera prophylaxis are administered, jtlethods of 
administration and control of reactions require constant supervision in order 
to minimize untoward reactions. 

It is obvious that the correct distribution of allergists in the Army is of 
prime importance in the conservation of the material and men needed to carry 
on this tjq)e of work. Since the mo.st important work of the allergist is con- 
cerned with the prognosis of a soldier’s ability, it becomes evident that the 
allergist is best able to perform hi.s duties where troops are inducted and 
ti’ained. Howevei’, under the present organization of induction and reception 
centers, little time is available to the allergist to permit him to do more than 
eliminate those men who have no military value. It is rather at the training 
centers that the soldiers first come into contact with actual Army activities for 
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a period sufficient in duration so that they may be studied, their symptoms may 
be evaluated, and disposition of their eases may be made. Large general hos- 
pitals should also have allergists to take care of the allergic diseases diseoA'ered 
in the forward echelons. 

The problem of allergj* in the Army is further complicated because as yet 
adecpiate standards covering the allergic diseases have not been formulated by 
the Army jMedical Department. This does not necessarily reflect adversely 
on the medical branch of the Armj', but rather on the newness of the field of 
allergy. The formulation of an adequate allergy department must proceed 
slowly and must await the results and statistics uncovered by those medical 
officers sincerely interested in this field. 

From a communication of the Surgeon General’s® office regarding the phys- 
ical requirements pertaining to the person suffering from an allergic disease, 
the following is taken -. 


“The physical standards for admission to the Army make no reference to specific allergic 
conditions other than hay fever. Individuals with mild hay fever are accepted for general 
military service, those who have moderate hay fever are accepted for limited military service, 
and those who have severe hay fever are rejected. Other important allergic conditions may be 
disposed of as indicated in Paragraph 5 a MB 1-9, revised October 15, 1942, which reads as 
follows : 

‘If any individual is regarded by the medical examiner as physically unfit for military 
service by reason of physical or mental defects not specifically noted in these regulations, 
be will nevertheless be recommended as unsuitable for general service or for limited service 
as the case may be. A brief statement of the reasons for the rejections will be entered on 
the report of physical examinations. So far as practicable, however, the physical classifica- 
tion of individuals will conform to the specified requirements.' ” 


To illustrate the problem of allergy in the Army, the statistics obtained 
at the allergy' clinic at Fort Eustis, Virginia, from Jime 1, 1941, to October 1, 
1912, are here presented and evaluated. 

Table I represents the total number of cases seen at the allergy clinic and 
includes both outpatients referred to the clinic by the various infirmaries on 
e post and the hospitalized cases. No effort has been made to include in the 
a Huation those soldiers seen at the various infirmaries who were not sent to 
le clinic. The figures regarding the hospital cases were taken from the official 
agnosis file kept by the registrar of the hospital and represent only those 
cases with the primary diagnosis as stated. 

^ _ The total number of cases observed at the clinic represents approximately 
—1 per cent of all personnel at this post. It should be noted that this estimate 
• over than is usually quoted; however, it is not a completely accurate reflee- 
lon of the situation because undoiffitedly many soldiers afflicted with minor 
to report to the infirmary or were not referred from the infirmary 

ic clinic. We may anticipate that over 1 per cent of all men entering the 
ri'u will require allergic care. 


alleri!'^ Si'oup among the allergic diseases; in fact, .slightly over half of all 
■ u eases observed belong in this category. The greatest number of cases 
respiratory group are those of seasonal hay fever, these representing 


^ perusal of the table indicates that the re.spiratory problems form the 
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sli'^hth" less thnn lialf of tlie total respiratory eases and 22 jior cent of all 
allcrpie problems. The rafru’ced jiollen ea.ses far exeeed those involving grn.s.s 
pollen; only a very few tree pollen ea.ses have found their way to the allergy 
clinic. It is encouraging to realize that all the hay fever eases constitute a 
group for which excellent theraiieutie results may ho exi)eeled Avith only a 
moderate lo.ss of man liours. The problem is still further simplified hcenu.se 
there is a definite territorial ragweed belt. 'I'liis belt is eonfined mainly to the 
areas of continental United States and ('anada east of the Uoehy ^Mountains 
(.short and giant ragweeds), and thus all ragweed eases will he free from rag- 
weed hay fever .so long as they remain outside this ai'ea. 


'I’.Mii.i; I 

St.atistics or rni: Ai.i.rimv Cf.ixic, .St.vtio.v Uosistai,, Fokt ICrsTis, Va. 
rr.OM .Tusr. 1, 3P11, TO Octoiiki: 3, 3012 


TOTAI, CASKS OHSKr.VF.D i 

NUMllKn 

OF 

CASKS 1 

yf 

CASKS 

HOSriTAI. 

CASKS 

c.D.n.* 
c.vs cs 

AIIMIS- 

SIO.V 

i:ati:J 

i-Ki: 1, 000 

I'..\Ti; OK 
('.p.n.* 
I'K.i: 3,000 

i..s3;i 

3oo<;t- 

380 

mm 

3.3.0 

HuHl 

Ik-.spiratory Allergies 

iUO 

jnm 

ir.2 




Hav fever 

•117 


•I 

0 

3,.13 

0.00 

A.sthina 

2S!> 

35.7 


75 

2.3(1 

0.57 

Perennial rhinitis 

Hil 1 

8.7 

.31 

0 

3.31 

0.00 

Rinnsitis (allergic) 

I 28 1 

1.5 

t 

0 

0.23 

0.00 

Nasal polyps 

2-1 

3.3 

5 

0 

0.20 

0.00 

Donnntologic Allergie.s 

773 

•12. 1 

37.3 

3 

0.32 

0.03 

Contact (lerniatitis 

;M(! 

1.8.8 

310 

0 


0.00 

Id typo reactions 

12.S 


1 

0 

l.tM 

0.00 

Urticaria 

127 

().!• 

k; 

I 

1.01 

0.01 

Dermatitis inedieanientosa 

70 1 

•1.1 

]') 

0 

0.02 

0.00 

Atopic dcrinatiti.s 

57 1 

3.1 

32 

' o 

0..17 

0.02 

Angioneurotic edeniu 

3i> 

2.1 


0 

0.32 

0.00 

Ophthalmologic Allergies 

i.-to 

7.0 


0 

1.0.3 

0.00 

Conjunctiviti.>! 

KM 

5.0 


0 

0.S4 

0.00 

Ulcerative hcratiti.s 


3.1 

mm 

t 

0.20 

0.00 

Gastrointestinal Allergies 

mm 

0.2 

■i 

0 

0.03 

0.00 

Aligraino (allergic) 

mB 

O.g 

3 1 

0 

0.03 

0.00 


•Ccrtillcatc of disability dlschar/;^c. 
tNot classiflod accordlngr to tliis dlagrno.sis. 

$Ono case transferred to M’aUcr Rued General llospItaK 
gAdniissIon rate to clinic per 1,000 men on post. 

The policy of this clinic regarding the.se ea.ses has been to continue treat- 
ment of all persons Avho have previously' received medical care for this disease. 
(Many cases have been treated preseasonallj' or perennially prior to induction 
into the Army. The cases of mild severity Jiave been treated symptomatically 
with eye drops, nose drops, or epliedrine by mouth as is indicated. The moder- 
ately severe and severe cases are treated coseasonally Avith small doses intra- 
dermally accompanied by symiitomatic treatment. Almost all these soldiers 
AA'ere treated in an ambulatory fasliiou; only four cases Avere hospitalized. 
Those men Avho suffer severely Avere instructed to secure perennial treatment 
as long as they remain in the ragAV'eed belt. The results of therapy haA'e been 
exceedingly gratifying. 
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AltViough Ihc asthmatic group represents only 15.7 per cent of all allergic 
cases observed, tins group nevertliele.ss poses the most difficult problems. It is 
here that the allergist must be extremely perspicacious in order to attain cor- 
rect disposition of the ease. It is our opinion that practically all asthmatics, 
except those of mild seasonal type, should be reclassified into limited service. 


In our clinic we have divided our asthmatic patients into four classes: 
first, the seasonal asthmatics; second, the old chronic asthmatics nith or ■with- 
out secondary complications who have never been capable of pursuing a civilian 
occupation ivithout a great deal of lost time-, third, mild asthmatics who have 
been able to accomplish useful work in civilian life without undue loss of time; 
and fourth, those asthmatics who have had their first attack while in the Army. 
The seasonal asthmatics are treated similarly to severe hay fever cases, and no 
doubt can do well in foreign service, especially with noneonibatant units. Old 
chronic asthmatics with secondary complications should be discharged from 
the service as soon as the diagnosis is made. Therapeutic results Avith this 
class are very unsatisfactory under military conditions. Asthmatics who have 
never been successful in civilian employment can hardly be expected to be of 
any greater r-alue in military service. Thus, it is e-xtremely beneficial both to 
the Army and to these men that they be discharged as promptly as possible. 
Those asthmatics without complications who have been able to follow a voca- 
tion in civilian life without undue loss of time are reclassified for noneombatant 
duties. The positions to n-hich they are assigned should simulate their civilian 
occupations as closely as possible. These men can be hyposensitized and a 
lather moderately effective allergic regime can be instituted because their re- 
classification into noncombatant units makes treatment possible. Territorially, 
these men can be re.stricted to .specific ai-eas. 


The last class of soldiei-s suffering from asthma includes those persons 
"hose cases in the asthmatic group are the mo.st difficult to handle. These men 
^aAe had no or few preA-ious attacks. They generally possess a past hi.story of 
some allergic manifestation and a familial history of allergy. These cases 
should he skin tested for those materials Avhich they noAV encounter in their 
lieu Army environment. One must ahvays keep in mind the high concentration 
certain substances in the barracks, e.g.. feathers, tobacco smoke, mattress, 

* anket, and Avood dust. Experience at this clinic has indicated that barracks 

* list is much more antigenic than ordinary house dust, and we have attributed 
iis condition to the ahoA'e-mentioned factors. It has been found that many 

Patients allergic to barracks dust respond promptly to a coseasonal type of 
icatincnt. i.e., small frequent doses intraderinally. If such measures do not 
']'!• f mid proper response from these men. they .should be reclassified. 

^ iia s of duty are essential in fonniiur an opinion in these cases. If the pa- 
ifiits become progre.ssively worse, thev should he discharged from tlie sendee 

mi 

Oi.v .*'* cases in the respiratory grou]) may lie termed harassing 

fclliug in this category are frequently on sick call or are 
irol]”.i"l"-**r throat clinic. Many of these cases can he con- 

Ihe ofr inie I’f ephedrine drops, others by the elimination of 

cm in*.: inhalant or by hyposensitization to tlic .mtiucnic .siihslnnee. 
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Nasal and sinus polyps may require surfiical removal. .Never! heless, llicy 
should be examined from an allerj'ie aspect and, if feasible, measures .should 
be taken to prevent tlieir recurrence. 

The second large group of ca.scs with which the allergy clinic is confronted 
consists of the dermatologic allergie.s. As might be anticipated, the ease.s of 
contact dermatitis occupy the ju-edominanf position. In this g’rotip the most 
habitual olTender is poison ivy, and the parts of the bod.v usually affected arc 
the hands, arms, legs, face, and peni.s. The most cfiieacious therapeutic mea-sure 
which should be instituted is prophylaxis, which is extremely simple because 
it can be accomplished by the u.se of material available to all .sohlier.s— 0. I. 
soap. If pcr.sons who are aware of their .suseei)libility to plants, or \vho know 
or suspect they have contacted ])oison ivy, will merely bathe with 0. I. soap 
as .soon as po.ssible after contact, making certain to wa.sh the parts of the body 
most frequently' affected, much of the dermatitis venenata due to poi.son hy 
will be eliminated. It must be emi)lia.sized that overtreatment of these cases 
produces unfortunate residts. The value of the injectable extract of poi.son ivy 
twenty-four to forty-eight houis after contact is questionable, ajid is too costly 
for rocitine use beforehand. Most posts will have fewer casualties from this 
disease if by cooperative efforts of the allergist and post medical in.spcctor 
there is an intelligent mapping and clearing of areas known to have pohson ivy. 

Wool is another important irritant. To determine whether or not a pa- 
tient is .sensitive to this material, a patch test, consisting of a patch of the wool 
underwear or shirt the soldier has been wearing, is used. However, such a 
test does not eliminate “laundry dermatitis.” As has been reported in a pre- 
vious article by the author,^ the mn.iority of our so-called “wool dermatitis” 
cases have been caused by laundry soaps and more I’ceently by waterproofing 
fluid. “Laundry dermatitis” occurs more often where thick fal)rics are in- 
volved, because, if woolen and cotton articles are sulijcctcd to an equal amount 
of rinsing, a greater proportion of the laundry materials used in wa.shing will 
remain in the heavier than in tiie lighter garments. By enlisting the aid of the 
laimdry officer so as to insure more thorough rinsing, the so-called wool derma- 
titis cases drop remarkably. 

Other objects giving rise to contact dermatitis are the aluminum in the 
identification disks woi'u by tlic .soldier.s, the metal pnvis of watches, and the 
plastics used as W'rist bands. There was one case of ulcerative stomatitis 
which was due to sensitivity to dentures, the patient lieing sensitive to all t.vpes 
of dentures except vitallium. 

Urticaria is proliably much more frequent than the reported figures would 
indicate because of the great number of vaccine injections administered in the 
Army and the drastic transformation undergone b.v a man who changes his 
status from civilian to soldier. This is because most of the hives are quite 
evanescent. The majority of the cases of hives seen at the clinic are those that 
have either lasted several da.vs or are of the persistent or recurrent type. Most 
of those in the nonpersistent group clear quickly, but those of the recurrent 
type offer a very difficult diagnostic problem inasmuch as many eases are not 
allergic in origin. Other factors must be .sought, c.spccia]ly those of a neuro- 
genic character. It is rather astounding to note how much a chaplain’s per- 
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sonal conversation rvith a patient, Y-hen accompanied by a little sedation, can 
accomplish in the "way of alleviating a case of hives on a ftinctional basis. 

Atopic dermatitis cases should be handled in much the same way as the 
asthmatics. If a case is mild, tar ointments and moderate control will result 
in marked improvement ; if moderate, the patient should be reclassified. The 
latter cases require definite allergic regimes and therapy which can only be 
given in the rear echelons. The severe eases should be discharged from the 
sen-ice, and tins should certainly be the solution adopted after a trial of ther- 
apy and a trial of duty residt in little or no improvement. Throughout any 
discussion of allergy in the Army, it must be remembered that each soldier 
represents a financial investment to the Government, and if the return on the 
investment does not warrant the expenditure, the sooner the finaneial operation 
is terminated the better for all concerned. It must also be recognized that of 
all the diseases, except venereal, confronting the Army, the dermatologic ones 
can destroy the morale of soldiers more rapidly than any other group of dis- 
eases. ilen are exceedingly sensitive to deformities and to skin disorders both 
in themselves and in others. Thus, it is often wise to transfer from combat 
branches to service units those persons possessing unsightly skins if the skin 
disorders are of a permanent or semipermanent nature. This will prevent the 
disintegration of morale among the fighting divisions of the Army where morale 
is especially vital. 

Dermatophj-tids of the hands are quite common in the Army, but they should 
be differentiated from other lesions, such as nvunmular eczema, contact derma- 
titis, and psoria.sis. However, once dermatophj-tids are recognized, they respond 
c.veeptmnally well to local treatment of the original lesion accompanied by in- 
tradermal doses of the fungus extract for the purpose of hj-posensitization. 


Many examples of drug allergies are seen at the post and these are espe- 
cially noticeable in the wards of the hospital. At present, the sulfone drugs 
cause the most trouble. Cases involving drugs rarely represent an allergic 
problem except as a matter of diagnosis, and the diagno-stician is hindered by 
c lack of good methods of testing. It is hoped that the latter problem will 
soon be solved by a more effective testing procedure than is presently employed. 


Although the ophthalmologic allergies represent only a small group of the 
It cliseases observed at our clinic, they are nevertheless quite fascinating. 

s lould be noted that we have reported separately only those cases in this 
group devoid of concomitant symptoms. Thus, where conjunctivitis has been 
< ceompanied by hay fever, rhinitis, or asthma, the .statistics have been includcfl 
u er the specific headings of the respiratory allergies. The majority of the 
were due to pollens and dust. Conjunctivitis may also 
^ e assi led as an harassing disease because it leads to much physical disconi- 
rcs decreases the efficiency of the soldier. Most conjunctivili.s ca.sc.s 

hyposensitization, but overdosago must be carefully avoided 
result. IVe have found small intradermal doses, eomliined 
ocal treatment, to be most satisfactory. 

benrr'''' previously reported.’ an iimisuaily large number of ulcerative 
uf snmiT observed at this clinic. The clinical picture is that 

Miperficial ulcers located around the circumference of the cornea about 
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1 or 2 mm. from the limlms. Tliese nic.or.s are very smal! ami .shallow. niKl arc 
usually multiple; with pro;iro.ssion they inerease in size and eoale.see ami may 
form a coutimious marfrinal ulcer. Itlarked eou.iuiieliviti.s aecompanie.s the 
keratitis. IVhile pain is not usually ]>resent, itehinp: may he intense. Central 
keratitis sometimes occurs secondarily due to lack of nouri.shnient. Mo.sf eases 
re.spond well to hyposensitization, hut hospitalization is indicated. 

The frastrointestinal eases and the other minor alleriiies constitute interesf- 
inp diagnostic situations foi- the allergist, hut they are not significant as a 
military prohlem because of the small number of eases involved. 

The statistics of the Station Hospital at h'ort Hustis, Virginia, reveal that 
1,833 cases were observed at the allergy clinic. This repre.sents an admission 
rate to the clinic of 1.1 men ])er thousand for allergic study, treatment, and dis- 
po.sition. Slightly over 20 i)cr cent of the.se eases were admitted to the ho.s- 
pital. or about 3 men i)er thousand were hospitalized for allei’gie disease. This 
figure compares favorably with the admission rate quoted earlier from the office 
of the Surgeon General of 2.17 i)er tliousand. It must be noted, however, that 
as only a .small pi-oportion of the cases of ina.jor allergy were admitted to tlio 
hospital, the problem is actually much larger than is indicated by the adini.s.sion 
rates to the various hospitals. 

The total number of men di.seharged from the Army at b’orl Hustis as 
being unfit for any military duty is 78. which repre.sents 4.3 per cent of all 
cases seen at the clinic, or 0.60 men per thousand on the post. This also com- 
pares favorably v'ith the certificate of disability rate of 0.40 pei' thou.snnd. a.s 
reported by the office of the Surgeon General. 

This di.sscrtation is an atlem])! to pre.sent a comprehensive anal.v.sis of the 
military a.spccts of allergy in the Army. The study has led me to sugge.st the 
organization of the Army allergy service. I do not profc.ss to po.ssess the 
qualifications needed to set up the va.st organization which would be required 
to take care of the thou.saiids of men in the Army of the United Stales who 
suffer from allergic diseases, but 1 rather offer this suggestion with the hope 
that it Avill be of some constiTietive a.ssistanee in the solving of the problems 
of allergy in the armed forces. 

The training camp is the focal point in the organization of Army allergy. 
As has been previously .stated, training camps pre.sent the allergist with the finst 
real opportunity to observed adecjuately the allergic patient. The allergist at 
such camps should be well trained not only in the routine diagnostic and ther- 
apeutic measures pertaining to allerg 3 '-, ljut he .should al.so have available all 
pertinent information concerning ])o.ssible allergic factors pre.sent in all thcatei-s 
of operation and in all branches of the arms and services. Tf pci'sons suffering 
from allergic diseases arc adequatel.v dealt with b.v .such specialists, the prob- 
lem of allergy in forward echelons would be of slight significance. 

However, it is inevitalile that the allergic diseases of some persons will 
not manifest themselves until after the soldiers have left the training centers. 
Such cases can best be handled at the large general hospitals where competent 
allergi.sts should be stationed. There the dut.y of the allergist should include 
the routine care and disposition of allergic patients, and it also should be 
incumbent upon him to collect pertinent data relating to the various allergic 
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factors of those areas Y-hich his liospital services. These data then could be 
gathered by a board or committee of allergists in the office of the Surgeoji 
General, and subsequently evaluated and distrilnited to the various hospitals 
having an allergy service. Thus, vithout the nece.ssity of maintaining a large 
organization, it would be quite simple to colle<-t and to disseminate significant 
information concerning allergie factors present throughout many areas. The 
function of such a board or committee would be not only to correlate scientific- 
data relating to allergic diseases but also to .standardize material and proce- 
dures to be used in the diagnosis and treatment of allergic eases. Testing 
material would conform to specific standards, thei-eby eliminating variations 
found in the different extracts now being utilized. Aceompanj-ing the stand- 
ardization of diagnostic procedures would be tbe realization that militai-y needs 
must be of primary consideration. In this way, adequate and reliable data 
can he compiled, evaluated, and used for the purpose of solving the problem 
of allergy in the Army. Chart 1 diagrammatic-ally represents the organization 
described. 


CiiAr.T 1 


OFFICE OF THE SFEGEOX GENEEAL 

I 

BOARD OF ALLERGISTS 


Induction and Reception 

Centers 

i 

I 

) 

DATA 

Trailing centers- ! general hospitals 



'cal st-ii"l gradually becomes more comprehensible, definite phy.s- 

■'"'rh stnn,L''i^ into the Army can be promulgated. The use of 

''V'-* ^ eliminate the nece.ssity of haviinr luLdily trained allergi.sts 

"unction centers. With the passaim of time the field of allernic- 
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diseases assumes greater importance in medicine. It thus becomes incontro- 
vertible that tlie problem of allergy is one that must lie met and .solved. 

SUM.MAKY 

From this article, which is an attemj)! to analyze the problem of allerg}' 
confronting the Army Itledical C'or]).s, certain conclusions may be drawn. 

1. Over 1 per cent of all soldiers entering the armed forces require allergic 
care. 

2. The problem of allergy in the Army may be divided into three categories: 

a. The profe.ssional duties of the Army allergi.st. 

b. The organization of an allergy section in the Army Medical Corps. 

c. The formulation of specific phy.sicai .standards for all major allergic 
diseases. 

3. The professional duties of the Army allergist consi.st of: 

a. Diagnosis and prognosis of tiic capabilities of the allergic soldier. 

b. Treatment of allergic eases giving .sufficient consideration to the al- 
lergic prolilems which confront the ophthalmologic, otorhinolaryngo- 
logic, and dermatologic sections of the ^ledical Corps. 

c. Supervision of vaccine therapy. 

4. The organization of an allergy department is .suggested. This organiza- 
tion should consist of first, a board of allergists to control activitie.s, to collect, 
correlate and di.sseminatc pertinent data and to standardize ail material and 
procedures to be used in the allergy department; second, allerg.v sections .should 
be e.stablished at training centers and general ho.spital.s. the former to prog- 
no.sticate and classify allergic patients according to their capahilitic.s, and the 
latter to collect significant data relating to tlie district they service and to 
handle eases arising after soldiers leave the training cen1cr.s, 

5. Inasmuch as the Ijoard at the ofTiee of the Surgeon General is the onl.V 
body having available to it all the .statistics regarding allergic diseases in the 
Army, it is that board which should formulate the .specific physical standards 
to guide these Army physicians scehing to arrive at a solution of the problem 
of Army allergy. 
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HEAET DISEASE IN :MIDDLE AGE^ 


Lteut. Cojt. Christopher C. Shaw, M.C., U. S. N. E. 


TT HAS been said that "life begins at fortj'” but it might better be said that 
A "life begins to go downhill at forty,” for heart disease resulting from de- 
generative changes in the cardiovascular system is the most common, single 
cause of death and disability in the middle-age group between 40 and 65 years.’ 
Disorders of the cardiovascular sj'.stem which occur during middle life ma 3 ' be 
classified under three main headings : 

1. Heart disease caused by infectiou.s agents. 

2. Heart failure resulting from metabolic and endocrine dy.scrasias. 

3. Cardiovascular disorders due to degenerative processes. 

Within the first division one finds lesions of the cardiovascular system re- 
sulting from typhoid fever, sypliilis, diphtheria, scarlet fever, bacterial endo- 
carditis, glomerulonephritis, pyelonephritis, tuberculosis, and lead poisoning. 

Of these infectious diseases involving the heart and blood vessels during 
^biddle age, syphilis is of prime importance. The Spirochaeta pallida attacks 
the myocardium and aorta and larger arteries in the general systemic invasion 
bhich follows shortly after the initial lesion, or chancre, appears. The organ- 
isms are distributed throughout the hody^ and remain quiescent in the cardio- 
vascular tissues during the long period of latency which precedes the onset of 
tertiary syphilis. When the signs and sj-mptoms of cardiovascular lues appear 
cj may develop with almost explosive violence. 

The pathology in the mjmeardium consists of either a diffuse inflammatory 
vement of cardiac muscle tissue with progre.ssive congestive failure or the 
eve opment of gummata with destruction of the intrin.sic nervous pathways 
^ svihsequent arrhythmia, often in the form of heart block. The diffuse 
Jocaiditis alone may he a cause of sudden death in middle age.* 

b^aslon of the arterial tree by the spirochete of lues centers about the 
aorta and begins as an obliterating arteritis of the vasa vasorum 
neci'o.sis and degeneration of the media of the aorta (a mesa- 

This process continues and may cau.se formation of an aneury’sm, or 
coro'^'^'^ iiisufficiencj' of the aortic valve, or encroach upon the ostia of the 
nary arteries which arise in the sinuses of Valsalva. 

iiv dilation of the aorta maj’' be either saccular or fusiform but 

places practically no burden on the heart. Aneury.sms cause 
V'pon '"•hen they erode bone — ribs, vertebrae or sternum — or impinge 

'’■'iiRcr of mediastinum. Their presence, however, is a har- 

_ death due to the danger of rupture with .sudden exsanguination. or 

lirlntf.l from U. S. Xav. Mf.I. UuH. 10: 7n'> (July). 1 !M 2 . 
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the possil)ility of shnv iK“iiU)rrIi!i';(' from necrosis fiml jx-rforalioii of liic aneu- 
rysmal wall. Tnsiifnciency of the aortic valve and coronary stenosis produce 
typical elinieal syndromes and refillin’ no further elahoration at this jioint. 

Unfortunately for the patient ami for the clinician, cardiovascular syphilis 
frequently develojis in the ])rcscnee of a ne^mtive AV.-isserniann so that the 
diafruosis (and treatment) cannot he eslahlishefl by serolo^dc tests. This prob- 
ably occurs in In jier cent to 20 jicr cent of luetic patients with cardiovascular 
.syphilis, and is most likely the result of inadef|Uate thcrajiy duriii'r the jiriuiarv 
and secondary stafres of tlu* disease. 'I'he treatment received Avas siifiicieut to 
reverse the positive AVassermaiin at that time but insuflicient to prevent the 
development of cardiovascular involvement 10 to ‘20 years later, in spite of the 
fact that the jiatient’s blood serolouy continued nc^uitivf’. In such instauce.s, 
the doctor must lay p:reaf slrc.ss on the history of veiifU’cal infection and speeitic 
antiluetic therajiy in youth and not be •luiflfMl ton stronply by repeatedly netra- 
tive blood rejiorts durinir middle aire. Trf’atnu'nt shoubl be flirectcfl to'vard 
alleviation of the coiifiestive failurf’ first, ami then supplemented liy careful 
administration ol spirochet icidjil druirs. 'I’he iiroynosis is poor in any toriu of 
cai'cliovasf'ular .syphilis. 

AA ith the exception of disefise of llu' thyroifl plaml. metabolic and endo- 
crine disturbances smdi as p'out. obesity, pituitary, and adrenal tumors are rela- 
tively rare in older jiilots and for this ris’ison will not be considered in this 
discussion, 'riiyrotoxicosis, howev(>r. jiroduces certain disturbances in the cir- 
culation which are worthy of comment. 

The increase in metabolism due to an altercfl or toxic secretion of the 
thyroid hormone whijis up the <reneral circulation, causes slifrht peripheral 
dilatation, and increases the ])ulse pre.ssure. The metabolism of the heart nnis- 
cle itself is also elevated and results in a nmrkeil ri.se in the pulse rate with 
proportional dccrea.se in the lenp:th of the di.-istolic ))ha.se of the cardiac cycle. 
The combination of these factors throws a tremendous load on the myocardium 
which will eventually show siiiiis of eoiip:e.sti\’e failure unless and until the 
toxic secretion is reduced by admini.sl ration of iodine and then ablated by 
.subtotal thyroideclom.y. 

In deficiency of the thyroid }rlaml the patient becomes myxedematous, and 
as a result of the lowered metabolism the myocardium becomes .soft and flabby 
and sluggish and unalde to maintain an adequate circulation. Congestive 
failure Avill re.sult but can he iiromptly mended by admini.stration of thyroid 
extract by mouth. The ba.sal metabolic rate is an index of diagnosis and of 
adequate thyroid medication in such ca.ses. Sudden cardiac death has been 
repoi'ted in untreated myxedematous patients." 

Finally, mention nuust be made of the importance of masked hyperth.vroid- 
ism in heart disease.^ This possibilitj' should be boime in mind in all cases of 
congestive failure Avhieh fail to re.spond to bed I'cst and adequate doses of 
digitalis. Such patients often exhibit transient auricular fibrillation, ncrvoiis- 
ness, loss of weight, tremors, and excessive perspiration and 3 ’et thej’ present 
no exophthalmos nor enlargement of the tln'roid gland. Blood pres.sure read- 
ings, pulse pressure, and pulse rate are frequently found to be within normal 
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limits in spite of tlic clyspnea. cyanosis, and odoina which alarm the patient and 
confuse the physician. Ijow-firadc plyeosuria and mild diarrhea may also he 
present. 


The hasai mctaholic rate in such eases will he elevated to -30 or even to 
t 70 and vill determine the true cause of the failiu’c of the heart.' l\hen 
masked hyperthyroidism is eii'rrafted upon a heart already emharrased by 
previous disease — rheumatic fever with mitral stenosis or coronary occlusion 
with infarction — the diiTcT’entinl diagnosis I'crinires clinical acumen of a high 
order. The fir.st .syndrome may dovetail into and almost completely obscure 
the second. AYhen the two conditions arc found to coexist — based on repeated 
basal metabolic rate determination.s — treatment should be directed toward the 
control and removal of the “masked” thyi'otoxicosis. 


By far the largest and most difficult field of heart disease in middle life 
comes under the heading of the “degenerative processes.” This is especially 
true since the exact cause, or causes, of vascular degeneration are not known. 
However, because of the magnitude and importance of the problem, a short 
re^•iew of the salient points may not be amiss, even though our present knowl- 
edge of the sub,iect is far from complete. 

Begenerative diseases of the cardiovascular system include arteriosclerosis, 
coronary di.sease and angina pectori.s, hypertension, and h.vpertensive heart 
disease. In this same category most authors include cor pulmonale and chronic 
nonvalvular heart disease, or chronic myocarditis. 

Recent .studies indicate that the underlying factors in all these degenera- 
ti'e states are heredity and the wear and tear of existence caused by the 
physical, mental and nervous strains of living and making a living in the 
b'eiifieth century. The adage, “a man is as old as he feels.” might be more 
'athfully paraphrased to read, “a man is as old as his arteries,” that is. as old 
as the (piality and function of his vascular tree inherited from his ancestors. 


At the present writing, medicine has no control over heredity, although 
's constantly striving to patch up inherited defects. By the same token, 
e can he done to conti’ol the .speed of modern living or to lessen the wear 
•nc tear on the cardiovascular sy.stem incident to high-speed flying in modern 
Both the strain and the stress are plunging forward at 
c -itucly inei'casing velocities and show no immediate evidence of reaching a 
^cnsoiinhle eciuilibriuin. And the cardiovascular system pays the piper in the 
I an. .Sometimes the nervous system goes bankrupt first; but even in this 

'*■''0, the sears of battle have alreadv left their indelible mark on the heart and 
l)lnod vessels. 


'vlii freriuent “mark” is the atheromatous i)Iafiue of arteriosclerosis 

> i.s manifestation of senescence of vascular tissue. The undeilying 
he'''' be found in a faulty metabolism fif ehole.sterol. as it lias 

•I't'.'* Ibe cholesterol content of the thoracic aorta increases with 

ifist '1 'b‘"cnerative process termed “atherosclerosis” may be general in 
sun'll *"*'**" .''"''Bving all the arteries of the body from the largest to the verv 
b'calized in one or more specific areas such as the hraiii. 
oi unary vessels of the heart, or in the liidneys. 
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As the vascular clof'cnevation pvofircssos, tlioi-c dcvclojis a relative ischeinia 
of the tissue supplied liy the atherosclerotic vessel. H the jiroee.ss is gradual, 
a more or le.ss efiieient collateral circulation may he estahii.slied which vill 
serve to mask for a time the in.sidious and progressive nature of tlie atheroma- 
tosis. On the other hand if the diminution of blood How to a part or organ he 
.sudden or eom])Iefe, as in thrombus formation over an nleerated .sclerotic 
plaque or in fracture of a ealeified atheroma witli emliolii; phenomenon, then 
infarction of the ti.ssne peripheral to the sudden oeelnsion results. In cither 
instance the end picture is jirimarily a difi’n.se or localized (ilirosis of the 
parenchyma. 

Avascular dcgenoi-ation in tlie brain eau.sod by athcro.selerosis gives rise to 
the signs and symiitoms of cerebral arterioselerosi.s. Tn the kidney the di.sease 
may remain quiescent until the rather .sudden onset of marked renal impair- 
ment or progressive renal insufficiency apjiears.- Arteriosclerosis of the ve.s.sel.s 
supplying the pancreas gives ri.se to a true diabetes wliich is usually compara- 
tively mild. In the extremities tlie proco.ss produces causalgia and intermittent 
claudication. Thrombosis and/or embolism raiiidly lead to gangrene. 

Arteriosclerotic aortitis is usually symiitomle.ss until the procc.ss invades 
the ring of the aortic valve causing stenosis, or unle.ss the coronary ostia in the 
sinuses of A^alsalva arc impinged upon by atherosclei'otic plaquc.s'. An aneinysm 
of the aorta due to arteriosclero.sis may be a simple, diffuse, silent dilatation 
or it may occur as the dissecting type which is spectacular, excruciatingly 
painful, and usually causes sudden death from shock or from rupture of the 
aorta in a few hours or days after the .sudden and dramatic onset of the di.s- 
seetioii of the media. 

Atheromatosis of the eoi'oiiary ve.ssels leads to coronary insiifiicicncy and 
occlusion witii imiiairod cardiac elTieiency due to myocardial ischemia and 
infarction. In this eonneetion it is interesting to point out that coronary 
occlusion per sc docs nol necessarily produce any characicristic clinical maiii- 
festation.^ 

If the occlusion develops very gradually (as it may in atherosclerosis), 
nature will improve the opportunity to develo]) or expand the potential col- 
lateral circulation in the heart inu.scle and produce anastomoses sufficient to 
prevent, or circumvent, infarct ion of the inyoeaT'dium. This is brought about 
by opening of the Thehesian capillaries coursing within the muscle bundlc.s 
and by the propagation of vcs.sels from the circulation of the pericardium at 
its attachment near the base of the heart. 

The extent and efficienc.v of this collateral circulation liavc not been gen- 
erally realized, but its importance is evideiiecd by the fact that it i.s found 
operative in approximately one-fonrth of the patients with coronary occhtsion.' 
Their lives have been prolonged for years and they may have remained symp- 
tomless because of the very ehronicity of their vascular degeneration. At post- 
mortem examination extensive atherosclerosis of the coronary vessels maj' be 
present out of all proportion to the clinical manifestations.” Cases are on 
recoi'd in which one or both coronarj'^ arteries have been found compIetel.V 
occluded at autopsy, yet the patient remained free of symptoms referable to 
the heart during life and succumbed from noncardiac causes.^ 
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If, on the other liand, the occlusion occurs I'apidh', the classical picture of 
myocardial infarction develops. This is characterized by substernal pain and 
oppression due to anoxia of the infarctcd area of heart muscle.' There is con- 
comitant fall in blood pressure, pallor, shock, fever, leucocydosis, pericardial 
friction rub and typical electrocardiographic changes. In such cases the clini- 
cal diagnosis is usually coronary thrombosis, but the term “myocardial infarc- 
tion” ivould be more accurate. 

Pain is commonly’ an outstanding symptom of this syndrome and fre- 
quently is crushing or grinding in severity and of prolonged duration. In 
other cases pain may' be notable by its absence, since there are certain areas 
along the lateral ■wall of the left ventricle which are relatively' silent as far as 
sy'mptoms and .signs and electrocardiographic evidence of infarction are con- 
cerned. ilany eases of painless myocardial infarction have been recorded in 
which the only complaints wei'e sudden dy.spnea and progressive congestive 
failure.® 


Sclerosis of the peripheral ve.ssels is not a true cause of heart failure, for 
It has been shou'n that extreme degrees of peripheral arteriosclerosis have no 
deleterious effect on cardiac function f nor is there necessarily any' relation- 
ship between peripheral and coronary' vascular degeneration. The former may 
exist in the entire absence of the latter, and, conversely, coronary atheromatosis 
"lay he present to the point of death and show no evidence of narrouing or 
tortuosity or induration of the peripheral arteries, nor of the retinal vessels in 
the fundi. The term “arteriosclerotic heart disease” is, in a sense, a misnomer 
and should be dropped in favor of the more truly descriptive phrase “coronary 
artery’ heart disease.”’ 


Angina pectoris manifested by substernal or precordial pain of agonizing 
oharaeter and short duration is a sy'mptom complex and not a disease entity. 
P is the consensus that it results from anoxia of the heart muscle' — in other 
iiords, a cardiac “cramp” — which may' be brought about by’ angio.spasm or by' 
P-iitial occlusion of a coronary artei’y’ or one of its branches. Vasospasm oc- 
curs m about 10 per cent of patients saiffering with angina and is induced by' 
. Persensitive nervous mechanisms, by' thyTotoxicosis, by' inge.stion of certain 
poisons, and by’ excessive inhalation of nicotine. Coronary’ thrombosis with 
‘lugiiioid pain is three times more prevalent in hea\'y’ smokers than in non- 
smokers during middle age.* In 90 per cent of the cases diagnosed “angina 
pectoris,” degenerative disease of the coronary’ arteries can be demon.strated. 


A Word of caution in regard to the close association between arterioselero- 
I'ls and hypertension. It is definitely accepted that arteriosclerosis does not 
to hypertension. Hardening of the peripheral ve.ssels alone is conducive 
° kHiolension rather than high blood pre.ssurc since the elastic recoil of the 
ailciial wall is greatly’ reduced by’ atheromatous infiltration of the intima. 
^^Heiioselerosis may’, therefore, exist for years without any’ rise of blood pres- 
•'^1 other hand, hypertension cannot be present for long without 

snv* ‘Ifgcnerative changes in the vascular tree. Hence it is difficult to 

lether the high blood prc.ssure caused the arteriosclerosis or whether the 
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unknown can.se, or eanscs. of (he liy|)er])i(‘sis exerletl a coiicoinilanf flcleterious 
effcet on or williin the intiina of tlie blood ve.ssels, 

]>e tliat as i( niay, the adnal cause of liypcrfcnsioii still remains a lays- 
lery. Xnmerons llieories liave been apjdicd to llie ))i'ob]cm I)nt all liave bten 
found wanliiifr. 'I'lie most rational hypotlu'sis tbsiis with tlie irritability of 
the ai’lcrioles cansiii": vasosjjastic const I'ict ion which i)rodnccs a ])ro])ortionnl 
inci'case in pciaphcral resistance and tliis in turn necessitates an increase ni 
hydrostatic force — that is, an elevation of the l)lood |)ressnre — to eo])e with the 
antrmented or heitrhtened resistance in the peripheral cirenlalion. 

Dnrint’' the past decade considci-abb* cxpm-iineiital W(»rk lias been tlone on 
this problem, and it has been shown rejicatcdly that ex{>erimental hyperten.sion 
can he produced by I'cnal i.scheinia.'’''- Furthermore, this rise in blood pres- 
.snre (produced exiierimentally) is of humoral oritrin and arises as a re.sult ot 
the presence of an exce.ssive amount of pre.ssor substance in the eircnhition. 
This pre.ssor substance is not actually produced in the ischemic kidney but 
rather is a combination of a precui-sor (renin) lilierated by the damatred kidney 
and an activator (anpdotonin ) already in the blood. Moreover, this Jire-ssor 
substance (hypertensin ) acts directly oji the arterioles to i)rodnee vasocon- 
striction. The clinical application of this recently aerpiired knowledir(‘ i-s. 
pro.sperity, probably ‘'.just around the corner.” In the meantime the clinical 
problem of hypeHonsion — both the bcui^ui and the malijrnant I.vjjc — continues 
to baflle the internist. 

A confusion of tonjrues has arisen in the matter of nomenclature. The 
terms ‘‘malignant sclerosis.” '‘malit-nant hyperten.sion,” and the ‘‘maliKi'i’'b 
phase of essential hypertension” all refer to the same syndrome, llitrh blood 
pre.ssurc is not a di.sease entity but rather a .symptom comiilex in •which the 
hypertension is either i)rimary (e.s.scntial) or .seeondaiw to any one or any 
combination of a numlicr of different di.seases. 'Phis coneeiit is not <rencrnlly 
entertained but its validity is atte.sted clinieall.v by the fact that in the lonsr 
run the modus operandi of evm'y case of J).v})i‘j'j)iesi.s is identical, no matter what 
its pathofrenesis is or nm.v have been. The malignant jiha.se frequentl.v develops 
after hypertension in the 1)010*511 form has been ju-e.sent for a variable leniith of 
time, ])erhap.s oven unsus])ectcd. 

In a small pcrcenlaj’c of jiatients hyper])ie.sis may apparently be mahtr- 
nant from its onset. This is termed (he dr novo foi’in of the disease and ma.' 
occur explosively in certain cases of jn-imary hyjiei'tcnsion or develop fjuilc 
dramatieall.v in patients who for many years have sufl’ered from latent renal 
disease without any jirevious inerca.se in their blood pre.s.snre.” 

The onset of the malignant phase of hypertension (be it “primary” or 
“secondary”) is characterir.ed by .severe headache, visual disturbances, vomit- 
ing, anorexia, cachexia, and exhau.stion. These signs and .symptoms in the 
presence of a systolic pressui'c bordering on 200 mm. Ifg and a diastolic pres- 
sure in the neighborhood of 110 mm. Hg, or higher, jirediet a progressively rapid 
failure of the cardiac or renal functions. Patients with hypertension are all 
potential cardiacs or nephrities. Their clinical course is downhill (rapid in 
the essential or malignant type; slow in the benign or secondary form) and 
almost always terminates fatall.v in cardiac failure, or in apoplexy, or in uremia. 
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Patients snffcviug and dying from hypertension, or the effects thereof, 
can be segregated into several ■well-defined etiological and pathological groups, 
depcAuling on the pathogenesis of. their underlying disease, as follows 

1. Primary or esPcntial hypertension (cause, or causes, still in (loul)t). 

2. Secondary hypertension due to — 

A. Renal disease; 

a. Glomerulonephritis. 
h. Pyelonephritis. 

c. Intercapillary giomoruloscterosis. 
fj. Congenital unilateral hypoplasia, 
r.' Obstruction of renal artery hy atheroselerotie, plaque. 

f. ilultlple occlusions of small renal arteries. 

g. Renal infarct. 

h. Periarteritis nodosa of renal ve.sscls. 

i. Polycystic kidneys. 

B. Chronic lead poisoning. 

C. Polycythemia ■vera; leucemia. 

B. Endocrine disease. 

a. Pituitary — hasoplvilic adenoma. 

1). Adrenal — hypernephroma ; paraganglionoma. 

c. ThjToid — thyrotoxicosis. 

d. Hj'pereme.sis gravidarum. 

Time and space do not permit further elaboration of the factors listed in 
the table. During life it is usually impossible to tell whether the patient is 
suffering from hypertension which is primaiy unto it.self or is secondary to 
some unrecognized morbid lesion. \\Tiatever the nature of the underlying 
pathological process, the prognosis is poor either in the long or the short run. 
Treatment is purely palliative except in those rare cases where the renal or 
glandular pathologj' is amenable to surgerjE The re.sults of sjunpathetic sur- 
gery in patients with the malignant form of hypertension have been unifoi-mly 

disappointing.'^ 

The term cor puhnonale refers to failure of the right ventricle as a re.sult 
of increased pressure in the pulmonarj' circuit. This may occur in the acute 
fom following a large pulmonary embolus but more frequently is a chronic 
affair as seen in emphysema, silicosis, stenosis of the pulmonary artery, and in 
extensive fihrotic tuberculosis, or in spontaneous pneumothorax (especially 
A\hen bilateral). These conditions, when they do develop, usnallv appear dur- 
ing middle life.- 

Cardiac disease caused hy avitaminosis and dietary deficiencies, such as 
pi otein starvation, is rare in this country but is a possibility among the civil 
population during wartime. ^Myocardial failure due to the presence of a 
peripheral arteriovenous fistula — the traninatie variety should present no diag- 
nostic difficulty — to tumors of the heart muscle and to deformities of the .spine 
ond thoracic cage is so rare that it will practically never enter the phy.si- 
f n picture of the aviator approaching middle age. 

There is one form of chronic myocardial insuffieieney. however which 
1 hceause its etiology is not clear, because it is frequently over- 

no -ed. and fieeanse its onset is in.sidious and its com. sc progressive. 
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This is a lumvalvuliir cardiopathy cliaraclcrizod hy coiificstivc failure of 
unknown cause. Clinically, there is no evidence of hyperthyroidism or em- 
physema or avitaminosis or protein deficiency or blood dyserasia. Neither are 
there any sig:ns or symptoms of infection of the endocardium, myocardium, or 
pericardium. Nor can vascular dcKeneration nor hypertension he indicted— 
and yet the myocardium tires out durin<r middle afro, cither early or late, and 
runs down like an alarm clock and stops. 

At autop.sy, the heart is found to he both dilated and hypertrophied, hut 
the heart muscle otherwise appears normal to all intents and purpo.se.s. For 
lack of a belter name such cases have been termed "chronic myoearditi.s,” 
which is another misnomer since no inflammation of the myocardium can he 
found. The term "chronic myocardosis” has been .su':{,a'.stcd'” to account for 
the dy.spnea on exertion, the flatulence after meabs, and the mild precordial 
pain (transient but recurrent) which warn of imiiendiiifr cong:cstivc failure. 
These symptoms, however, are quite frc<iuenlly found in many cardiac syn- 
dromes and should not be assifrued (or consiijned) solely to chronic myocar- 
dosis. It may be more satisfactory to de.sipnate this .symptom complex by the 
term "nonvalvular heart disease.” or simjfly “chronic myocardial insuflieiency.’ 

Since heart di.sease is so prevalent and ubiquitous in middle life and since 
it is the most frequent cause of death and di.sability between the ages of 40 
and 65 years, its prevention and early detection are of paramount importance. 
This is especially true for the profe.ssion of aviation, for while it is significant 
that anoxia causes a rise in Iilood pre.ssure and puhse rate equivalent to that 
produced by mild exercise only, it has been realized more recently that the 
chronic stresses of flying eventually induce a generalized (and rapid) deterio- 
ration of the cardiovascular system.'* 

In most instances this premise applies, not only for the aviator but for 
the entire personnel of the Navy. In the past 20 years, the Bureau of Jlcdicinc 
and Surgery has recorded an alarming increase in coronary disease. The age 
incidence in these coronary deatlis is lowering year by year and the morbidity 
is getting higher.'® lilcintire'® states : 

Are we crowding our ofIicer.s to a point wliere tlic cardiovascular .system can no longer 
carry its load, or are we piling on so much rc.sponsibility that the nervous system cannot 
maintain its stability? ... In the Navy a man must bo physically lit to perform his duties 
at all times, in all places and under any condition. ... It is the duty of the internist to 
find means of preventing disabilities, especially tho.se due to degenorativo disease. 

While the call to duty in this respect is clear, the means of fulfilling this 
phase of our mission still remain obscure. This, in part, may be due to the 
fact that many of the methods and instrumentalities of modern cardiology lack 
precision. Some of the problems in this field of internal medicine yield only 
to empirical solution — or remain unsolved. Others are forced to rely for an 
answ'er almost entirely on the patient’s history, which may be accurate and 
intelligent, yet incomplete; or it may be inaccurate and, therefore, worthless. 
Many of the signs and symptoms are transient; others notoriously absent when 
needed most to clarify the diagnosis. Even our present laboratory raethods are 
far from infallible. Much must still be taken (and given) "on faith.” 
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Pending that happy day when detection, recognition, prevention, treat- 
ment and after-care of the patient with degenerative eardiovascular disease 
shall reach a more rational (and simpler) plane, we must use our present scanty 
knowledge of the problem to the best possible advantage. Many time-honored 
procedures have proved their w-orth and have behind them the authority of 
regulations; other and newer concepts and diagnostic methods deserve con- 
sideration and fair trial. 


Determination of the fitness of the cardiovascular system for continued 
military service is difficult because the examiner must rely chiefly on signs 
alone, and often these signs are of questionable significance. Tachycardia, 
systolic murmurs, slight elevation of blood pressure may attract the attention 
of the examining physician. Usually these findings are of no particular impor- 
tanee, yet their presence demands careful investigation. Is the tachycardia 
due to nervousness or to the presence of a “hidden” infection (notably tuber- 
culosis)? Is the elevation of blood pressure relative or absolute? Is it a pre- 
cursor of essential hypertension? Does poor response to exercise indicate an 
impending effort syndrome? Hoav can these questions — and a host of others — 
be answered unequivocally? 


In an attempt to arrive at a reliable evaluation of the cardiovascular sys- 
tem of the middle-aged flier one must first have a base line on which to “base” 
bis judgment. This may date back to the general physical examination at the 
time of his enrollment or commission.’® In addition to the routine >Schneider 
test and examination of the ocular fundi, an electrocardiogram and teleroent- 
genogram of the heart ivould be desirable. The cold pressor te.st and “circula- 
tion time” may provide important information on the “tone” of the peripheral 
lascular tree. Annual fluoroscopic examination of the heart and aorta and 
routine electrocardiogram every year after the age of 40 may some day be 
included in the Manual of the Medical Dej>artment. 


In regard to the .strain of modern living and the extra stresses placed upon 
the heart and blood vessels by^ commercial and especially by military aviation, 
little can be offered other than education and ad\’ice concerning the value of 
rest and the art of relaxation while off duty. Excessive indulgence in alcohol, 
tobacco, and other foirns of dissipation are no respecters of persons or oceupa- 
tion.s. Such habits probably hasten the onset and speed the progress of de- 
generative diseases of both the cardiovascular and nervous systems. 

The personnel of our armed forces who are approaching middle age must 
earn to acknowledge and respect their phy'sical and nervous limitations. To 
old gracefully and graciouslyr still remains an art which is worthy of 
en ti-v ation and patronage. By so doing, our officers and men will be enabled 
o render better service to our country and live longer, more useful, and 
nnppier lives. 
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RESPONSIBILITIUS OE THE ARMY ROENTDEXOLOf.’JST' 


IjIKut. Coi.. Ai.rrtri) A. dk LoitiMiKit. M.L'., T. S. .Vkma' 


N ot iufi'cqueutl.v tlio sttiteiiicnf i.s made: “Koeiil;.ieiiokig.v is roeiit{reiioio 5 r,v 
whetlicr il )>c pi-aefieed in (Itc Army or out of Hit* Army.” At first thoiiglitj 
this e.Ki)res.sion might .seem to .specif.v adetiuatoly tlie situation. In man.v re.spccts 
it is true. 

Scientific practice of j'oentgenolog.r requires deliitcrative tinaiy.scs of pro- 
jected images on film.s or a fluoro.seo])ie screen; ti mental or recorded listing of 
tangible findings — the evidence described as ‘‘roentgen criteria”; tin evaluation 
of sucb findings with respect to one or anotiier paliiologic entity; and finalR', 
correlation of the possihiiities with considei-jition of lltc clinical a.specfs and 
laboratory .studies. Tlie roentgenologist must be recognized as a consnltant. As 
sucji he must Iiave a grasp of the entire field of medicine. He nui.st excreisc .ividg- 
ment just as required of a .surgical consultant or tiny other type of medical 
adviser. These requirements are common both to the Army roentgenologist anc 
to his confrere practicing this specially in civil life. 

There are a number of sulrspccialized qualifications fi'cqnently required o 
the roentgenologist practioing in civil life, whioli cannot be expected as demands 
uuon the''Ai‘my roentgenologist. For insttince, rtircl.v would the Army roen - 
genologist be concerned with pelvimetry, gynecologic roentgenology, or studies 

~^rom tlie Department ot RoentgenoloKy. Army MoCical School. 
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of infants and children. ^lorcover, in the theater of operations it can be ex- 
pected that he n'ill seldom have to deal with the treatment of malignancies 
though this latter responsibility must be handled in certain general hospitals 
located in the Zone of the Interior. 

These exemptions are moi'e than offset by other requirements. The Army 
roentgenologist must posso.ss an exceptional degree of ingenuity and the ability 
to command men and to coordinate very diplomatically the roentgenologic serv- 
ice; the ability to discern diagnostic criteria by way of roentgenoscopy Avithout 
requiring film evidence'; familiarity with foreign-body localization; special diag- 
nostic acumen in the field of maxillofacial abnormalitie.s; and a familiarity Avith 
requisitioning and handling of supplies. 


Let us consider the magnitude of special qualifications such as these. 

At a general hospital the I'oentgenologic ser\'ice can be expected to be simi- 
lar to that of any large civilian hospital. Similar serAUces might be required at 
a station hospital.’ HoAvever, at a fixed or a motorized CAmeuation hospital, at a 
surgical hospital, at a conA-alescent hospital, or on a hospital transport ship, 
in any of these locations, it can be expected that the roentgenologist wiU haA-e 
to assemble his equipment ; he Avill liaA'e to ad,iust it to one and another type of 
electrical supply, possibly disa.ssemble it, moA'e to a ueAv location, and repeat this 
process over and over. In most instances, Avhen trouble develops he will have to 
analyze the nature of the trouble and pi'obably repair it himself. Time enough, 
he AA-ill haA’e assistance by way of enlisted technicians, but in most instances such 
assistants aauII be of unknoAvn trust, and even though eventually trained thej* 
wiist be considered as transient. At best, he AA-ill be dealing Avith strangers much 
of the time. True enough, there Avill be repair centci-s, but these may be located 
a considerable distance and available only after much delay. Therefore, the 
Army roentgenologist must develop himself to a standard of self-reliance, not 
only AA-ith respect to diagnostic problems but also in the handling of equipment. 


In this connection it might be mentioned that the type of electrical currents 
aA-ailable in one or another part of the AA'orld is very A-ariable. The conA-entional 
current as found in the United States, 110 A-olts, 60 cycle, single phase, Ls not 
UA-ailahle Avidely throughout the rest of the Avorld. In some locations, even here 
in the United States, 50 cycle current is used ; in a fcAv locations, it is a 30 cycle 
current. In our oaa'u Canal Zone it is 25 cycle. In most parts of the world, 50 
c.'cle current, Avith a A-oItagc of 200 to 260, is supplied the communities. IMore- 
O'er, the most common type is three phase rather than .single pha.se. 


It has not appeared to he practical to proA'ide means for altering the cycle 
iiiicli a.s might l)e availalfie in one or another locality, since equipment re- 
fimrecl for sAich conversions Avould haA-e to be A-cry bulky and A-ery licaAu-. Hoaa-- 
i^'or, u has been deemed practical to proA-ido for ad.iustment of the A-oltagc and 
|l>e plm.se. Tills can he accomplished by use of a portable autotransfonnor. This 
Item AvcigUs approximately 80 pounds. It has a 70 foot line cable of a gainre 
■A’atisfaetory to handle relaliA-cIy high Avattage under conditions of voltages of 
)o 200 to 260 range, and its design is such that it can be connected into the 
ng icr A-obage line and deliver tlic ]oA\-er A-oltagc for which the portable field 
.--i.u cquijmiciit and many other electrical dcA-icc.s have been de,signcd. It mav 
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be connected into tM’o loads of a lliroo-pliasc eirciiil so as to deliver .sinj,de.pl)nsc 
current. Forfunalely, the .Army finld equipment has I)e(>n dosifrued for oj)erntion 
on either oO or GO eycIc eurront. Thus, ^vitl, the aid of thi.s autotransfor/nor, 
our held x-ray equipment ean funelioii in most, jmvts of the ^vor]d. AVherc the 
c'ce J.S C.S.S’ than oO, a special porlahle tm.solino-elcetrieal "cncrator, having a 
apacit\ 01 -.joOO watts, may lie used. Larger eajiacity mobile generatons arc 



ot)ene(F*fhoiviriff '70*foo?'cable^i'eaci\" p.Tcldner nrranfrement : B. t®'’ 

tion box Note Uic motor fc^ si'Cli .n.« avnilablo In a clistriba- 

into the secondary circuit of the autotransfonne”r iwnrthifc'"'''’ electrical aeparatus connected 


provided w’herever needed. The requirements ean be expected to differ in one 
and another location, and con.stant].y it w'ill be necessary for the roentgenologist 
to deliberate as to wdiat adjustments are indicated. In those iiroblems lie cannot 
depend upon factorj- personnel or local electricians. 

All field x-ray equipment has been designed on the basis of several limiting 
axiomatic principles.^ All of it is portable. That wdiich is to be used farther 
forward than "fixed types” of evacuation hospilal.« is packed in field chests. 
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Originally, it was intended that no one o£ these chests when packed should weigh 
more than 200 pounds. Because of various requirements including limitations 
on priority of materials, it has been necessary to deviate from this fixed policy. 
However, no one chest packed weighs more than 357 pounds (the gasoline- 
electrical generator) . All the chests ai’c balanced and so constructed that they 
can be carried by two to four men. Each item has been designed for multiplicity 
of adaptation. Single purpose application has been considered impractical. 
Besides pronding that, each item be usable for many purposes, the policy has 
been to provide usefulne.ss for any type of hospital installation and to meet 
any type of situation. 



portable gasoline electrical generator. T-nro gallons of gasoline provides for a 
supply of 2,500 watts continuously for approximately four hours. 


For instance, the x-ray tent may be used for roentgenoscopy, ivith one 
arrangement of its inner curtain, or it may be nsed for film processing by merely 
changing the arrangement of its inner curtain and auxiliaiy di‘ape.s. ^loreover, 
this tent may he erected by itself on the outside ; it may be erected ivithin another 
tent such as a ward or corridor tent, or it may be erected in any room or dugout. 
hnder very windy conditions, it may be reinforced ivith the use of guy ropes. 

oil ever, guy ropes and ground poles are not necessary. It is anticipated that 
m many instances dugouts or cellars will be utilized. The tent as well as all the 
other equipment can be adjusted quickly to such a situation. In fact, with foree- 
hil supervision and ivith very little training of three or four technicians, it is 
possible to move into a new location and to set up the entire equipment as needed 
or roentgenoscopy and to be ready to function within fifteen minutes after the 
ime of arrival. This same equipment might be mounted onto closed trucks, 
lereby being made available for u-sage at a moment’s notice. 
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The x-viiy liiblo vuiit, tojiellwv with tlu; x-Visy lOiiehiiic unit !Uk 1 its ehessis, has 
been desi^niecl i'or a niiio-way ai]aj)fatjoii, Tlicy may l)e adajjlocl For JiorizoJilal 
roenigenoseopy ; foi" a i"ij)i(] iwiitgenoseopie inotliod of foreign-body localization: 
for silling roentgenoscopy; standing roentgenoscopy; borizonlal roentgenog- 
raphy, with the tube above the table: horizojita! roentgenography, with focal filni 
distances as great as 6 feel, the palieiil being ])ositioned on a litter at the floor 



Pie:. 3. — Tlie Oiirkroom tent: ^l. As erected for rocntpenoscopy — note the forward 
tion of tlie inner curtain. Tlie litter he!irer.s .simply butt throuph four drapes. B, -ts 
for film proce.ssine — the inner curtain has been set hack 32 Inches; the inner drapc.s liave Beta 
ciosed by way of a zipper .so that tlie teclinician enters throuph labyrlntli. 

level; vertical roentgenography, using similar long focal film distances; bedside 
roentgenography (utilizing a mobile arrangement of the x-ray machine unit) ; 
and finallj^, this equipment may be used for roentgenotherapy for conditions re- 
quiring a quality of x-radiation, .such as produced with a kilovoltage of 100 
infections (including gas gangrene) and dermatoses. 

All these applications must be understood, and tlie roentgenologist must be 
capable of quickly adjusting not only to new conditions but also to any of a 
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variety of demands with llio minimum of equipment. In connection M'ith foreign- 
body localizations, it should be emphasized that another item has been developed, 
a “biplane marker and reorientating device.” This item is of a design such as 
to provide for its being adapted to tlie roentgcnoseopic screen. It is designed 
to serve for spotting onto tlic skin of the patient, the location of the foreign body 
with respect to a plane at right angles to the plane concerned vith the roent- 
genoscopic localization. This sccorid spotting and localization are accomplished 
without any x-radiation exposure of the patient, and without the use of x-radia- 
tion at all. It provides for spotting of the position of the foreign body just as 
might be accomplished with the use of biplane roentgenoscopy. Yet, the short- 
comings of biplane roentgenoscopy: the bulk of a second tube and second roent- 
genoscopie screen or the time delay concerned with shifting a single tube and 
screen from the first plane to one at right angles to it; difficulties of visualization 
of a .small foreign body through great thickne.sscs and densities concerned vrith 
lateral planes, and the increased x-radiation exposures with respect to both the 
patient and the roentgenoscopist such as required for viewing in the two planes — 
all of these shortcomings ai-e overcome with use of the biplane marker. 

This •‘spotting” in the two planes serves for more definite guidance to the 
surgeon. It can be anticipated that tiie patient may be Iving in one position 
during roentgenoscopy, whei-eas he might be rotated to a different position for 
the surgical approach. The surgeon may not appreciate these variations of 
velationship and he may, therefore, approach the foi-eign body along a plane at 
variance with the plane conceraed with the alignment of the foreign body to the 
spotting on the skin surface. Perhaps, due to anatomic limitations, the approach 
may have to be from an altogether different plane relation.ship than either of two 
planes so far considered. In such ca.ses, biplane marking itself should indicate 
the tine relations and guide the approach. 

In some instances, it can be expected that the surgeon mu.st be a.ssisted even 
further. It may he nece.ssary to rc-e.stablish more thoroughly the relations on 
the operating table, as they pci-taincd during the localization procedure. For 
this, the two spottings on the .skin surface alread.v mentioned may he used in 
connection with the re-orientating device to indicate very definitely relations 
for proper positioning. This device contains three ad.justable probe directors. 
They can he detached for sterilization pui-poscs and if needed they can be repo.si- 
tioned onto their I'cspective supports and used right in the operative field under 
conditions of surgical asepsis. One'probe may be positioned for indicating the 
plane with respect to the spotting as accomplished with the roentgenoscopic pro- 
cedure; a second one may he positioned for indicating the plane concenied with 
die spotting as aecompli.shed with the biplane marker; the third probe may be 
positioned for directing the plane of any operative approaeh that the surgeon 
might have selected. Thus localization may be aecompli.shed with ic.spect to anj/ 
plane. The roentgenologist is charged not only with tlie ‘‘spotting” of the 
foreign bodies and calculating dejUh values with respect to them, but he must 
•'ictnally coordinate with the surgeon in accomplishing their removal. 

Tiicsc procedures do not require the u.se of films. All of them can be acconi- 
plushod within time limits of n few minute.s. Actual energizJition of the .\-rav 
equipment and radiation exposure should not exceed fifteen to fort v-five .second.s 
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Fig. 4. — Adaptations of the x-ray machine nn.-f i mi 
arrangement of the tube and fluoroscopic screen for V,n^w’ ®®t-iiP with the fleld table Avith 
body locaiization ; B, the arrangement for sitting 'o^ntgenoscopy and for foreign- 

fluoroscopy: D, over tlie tabie roentgenography^^ h^rirnnt^’i arrangement for standing 

film distance ; r, vertical roentgenoirapln- n-ith’ ionJ '■'’?."‘eenography with long focal 

x-ray machine unit to the chassis «nirfor"A^Sblfe”^™X'en"^^^^^^^^^ 
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depending upon llic exjiericnco of the rotMilgenoscopisl. Koi- precision, f hough, 
it is necessary that one lie alert to conditions which might result in orroi’s and 
tliat lie be undei'standing of the means of correcting smdi. With cacli dis- 
asscmblage and witli each asscmhlage of the c(|uiiimont following jiacking and 
transportation, at least minor damage, .such as strii)ping of threads, perhaps 
bowing of the localization scale or bonding of the dejdh marker, warjiing of the 
rocntgenoseo])ic screen, <‘tc.. can b(> e.\pecled to occur. I'nless the roentgenologist 
is constantly alert, siudi defects will lead to not one or a few mistakes but to a 
continuous repetition of mistakes. 

A small dej)th jihantom has been provided, this being .su])j)lied for the ])ur- 
])ose of ])rcliminary (diecking of the accuracy of the localization, ^foi'cover, an 
ad.iustmcnt means is incorimrated into the .su])i)orting arm of the I'oentgenoscojiic 
screen to cori-ect for vari.-itions in focal-spot-roentgenoscopic sci’cen distance duo 
to abnormal pasitions of the focal spot itself. Ad.justment of the reading level 
concerned with the de])th scale has also been provided. This lattei' jirovidcs for 
cancellation of errors whicdi would olherwi.se oecui’ due to ^varI)ag(' or coriaigation 
of the roentgenosco])ic screen or to tangential viewing by one oi' another roont- 
gcnoscojiist with resultant jiarallax. In shoi-t. jn-ovisions have been made to 
compensate foi- those vaiiabh's wiiich arc Inwond tiu' scope of conti'ol by the 
manufacturers. Those provisions tln'oretically mean absolute accurac.v. Never- 
theless, the degree of a(;euracy is dependent u]>on knowledge of the funda- 
mentals, together with the integrity and .scruiile of the I’oentgenoscopisl. 

This general ]iroccdure of foi-eign bod.v loiudization has been considered 
adequate to handle foreign bodies in all locations other than in the e.ve. For 
localization ot intraocular foi'eign bodies, the “.Sweet method,” such as used in 
World War I, still ap]iears to be the most jiractical. This method requires the 
use of film. Therefoi'c, such localizations cannot be exiiected in the ver.v for- 
ward zone. They will be accomidished in the more fixml t.vjies of evacuation 
hospitals and general hosiiitals, wiiere films ami i)i’ocessing e(|uipment are avail- 
able. This particular method is well known to I’oentgenologists in civil life, de- 
tailed description of it, as well as explanation of the i’()entgenoscoj)ie iirocedure, 
is published in the Trclmicnl Mamutl 8-275^ and elsewiierc.-' 

In the very forward in.stallations. such as the surgical hospital, the roent- 
genologist is the sole diagno.stician. In the motorized evacuation hospital, he is 
one of four diagnosticians. Internists and collaborative consultants are included 
w'ith installations located farther to the rear. However, duo to the requirement 
of having to arrive at quick decisions and. of having to handle so many hundred 
eases each day, the roentgenologist ma.v be rated as one of the most useful con- 
sultants. He must be capable .scientifically, and he must also be very ethical in 
dealing with his eonfreres. He must be a cooi-dinator. TJie attitude of service 
must dominate his actions. 

His coordinating spirit must not be limited to his own relations witli re.spcct 
to his doctor confreres. He must be able to command men. In certain locations, 
he may have onlj’^ three technieal assi.slants; in others, as many as ten or twelve. 
Under conditions of w'arfare, the doctor, the officer, and the enlisted personnel 
must w'ork shoulder to shoulder. Nevcrlhele.s.s, the enlisted personnel must not 
be leaned upon too strongly. The roentgenologist must conservatively control 
the group. 
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. Fig. D, — The biplane marker. The operator is about to fix this device to^ the roentgeno- 
scopic screen, Marking in the second plane is accomplished without any x-radiation exposure. 
Aote the pilot lights and cables, provided for manipulating this apparatus without losing ac- 
commodation of the darkroom. 
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As iiientioiicd in the bopinnin'r, the diaiino.stic rcspon.sihilifio.s nro almost of 
as great a scope as those with which the civilian roentgenologist lias to deal. 
There will he need I'or roentgenoseojiy of the e.xtremities, with intere.st as to .soft 
tissue wounds — po.s.sibly with interest as to gas bacillus infeetions. There will 
be problems relative to fraclnre.s; tbe.se under conditions of fixation with .sjilints 
or plaster casts. There will be problems pertaining to wounds in the abdomen 
and thorax, and there will be problems concerned with a gamut of pathologic 
conditions besides those of trauma for any of lhe.se jiarl.s. True enough, similar 
diagnostic iiroblems are e.xiierieneed by a well-pi-ae(iced roentgenologist in civil 
life. Howcvei', in Army roentgenology it can be e.xiiected that roentgenoscojiy 
will have to be emphasized over roentgcnograiihy. Hesort to films reipiircs more 
time than can be expected to be allowable during slrc.ss of activilie.s such a.s are 
to be expected in the theatci' of ojierations. The i-oenfgenologi.st mirst have 
developed a very keenly discerning eye. Of all pha.ses of roentgenology, it would 
seem that the field of maxillofacial abnormalities must i)romi)t his particular 
study and proficiency. Tank and air .service casualties, as well as those con- 
cerned with ordinary motor transportation, must be expected. There arc so 
many contours concerned with the facial bones and the cranium itself that di.s- 
tinct visualization of any one i)ortion of the head is a difficult ta.sk under any 
conditions. The Army roentgenologist must be thoroughly understanding of all 
of these contours and of the several posit ionings concerned with most adequately 
visualizing one or another portion. lie must have a knowledge of anatomic weak 
sites. He must be equipped with a knowledge of the physiology concerned with 
the various muscle actions which might .serve to alter relations in case of frac- 
ture in one or another location. He must be able to discern i-oentgcnoscopically 
these conditions which are admittedly difficult of diagnosis even with the a.s- 
sistance of films. 

The Army roentgenologist must be ac(}uainted with the jiormal j)rocediu'c.s 
which pertain to proenrement of x-ray o(|nijmient and materials and. thereafter, 
their proper handling. Witli most civilian institutional connections, the roent- 
genologist may sense merely a moral responsibility for protection of the equip- 
ment in liis de]3artment. Unless he has actually purchased it, j)aying from his 
own resources, it i.s very nature! tliat he should consider it the property of the 
institution, and it is very unlikely that unscrviceability of any pert of the 
apparatus would result iii any financial lo.ss to the doctor. Not so in the case 
of the Army roentgenologist! Though the cqnii)meut belongs to the United 
States Army, it i.s nece.s.sary tJiat it l)e entrusted to a responsible person, an 
officer. In case proper accounting cannot he made for unserviceabilities or los.ses, 
a depreciated value of the equipment may be deducted from his pay. 

Except during periods of actual combat, llie Army roentgenologist must an- 
ticipate equipment and properly necd.s. He nnist initiate the requisitioning of 
these. In tliis regard, he must realize the necessity of confining liis wants, as far 
as possible, to a list of items considered most practical by our Supply Depart- 
ment. These items are contained in the .suppl.v catalog, wliich is ordinarily in the 
possession of the medical supply officer. The listing is of “standard items.” 
A supply of such items is usually maintained at a neai’-by depot. Standard items 
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are listed according to classes. TJiere ai-e nine such classes. The cla.ssification 
has been made on the basis of general pru’poses or the type of the commodity. 

The roentgenologist is mainly concerned mth Class 6 or Class 9, insofar as 
x-ray equipments miglit be needed. Cla.ss 6 contains a listing of standard x-ray 
equipment such as might be needed for general hospitals and peacetime installa- 
tions. Class 9 contains a similar listing of equipment -which might be needed 
for installations such as the mobile surgical ho.spital or the evacuation hospital ; 
installations operating in the theater of operations. Processing chemicals, snch 
as would be needed for roentgenography, are contained in Class 1. For police 
and maintenance of a clinic, snch as might be concerned with a fixed evacuation 
hospital or a general hospital, including furniture, cleaning items, stationerj', 
miscellaneous office equipment and linens, are all listed under Class 7. 

Nonstandard items are always more difficult to obtain, though where espe- 
cially needed they can usually be obtained. They are not described in the supply 
catalog. Spare parts and replacements may be listed, though in many imstanees 
they, too, must be purchased as nonstandard items. 

Items are carried as expendable or as nonexpendable. Furthermore, they 
may be identified as deteriorating or nondeteriorating. The roentgenologist must 
appreciate these characteristics and supennse the care and handling of this 
equipment as scrupulously as possible. In order to provide for efficiency in 
handling purchases and unit requisitions, it is necessary for him to understand 
the problems of the medical supply officer and to anticipate his needs so as to 
provide for including his requisitions as far as possible at prearranged times. 

Except for expendable supplies, a central record is kept of all items issued. 
The roentgenologist is given a copy of the list for which he is responsible. It 
is important to inventorj' the property records and to identify each item when 
packing for a change of location, when reassembling and otherwise, at least once 
each month. 


Illegal sales have been made of all tjqies of Government property, but in 
particular, “consumption” of x-ray films must be watched. It is advisable that 
ims be stored within a locked cabinet or a locked room, and that the keys to 
such, be held by one person in the department. A tabulated record of quantities 
received versus quantities removed from this storage .should be posted -within 
t is cabinet or room. This record should include the date, the film size, and the 
quantity concerned -srtth each increment and -ndth each i.s.sue, together -ndth the 
initials of the person receiving them. This record need not be elaborate but it 
should be complete. 


In larger x-ray clinics, besides keeping a record of all films received and all 
1 ms issued, it is advisable that each roentgenographic technician and also those 
concerned with proces.sing in the darkroom be required to report the total num- 
)ei of films used or handled each day or each week, as well as the number of 
1 ms wasted. This sj-stem provides for checking the reports of the individual 
roentgenograpbic teehnieians with the .summation report by the technician or 
cc uucians m (he procc.ssimr room, and both reports with the records contained 

m mil counteract any inclination toward “bootleueing'-’ of x-rav films 
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There is a similar lemptatioii for certain lu-ople to eiiier into illeiral sales of 
intensifyijii: screens. Tliese screens are veiy (.‘xpensive. 'I’liey can easily be 
removed from cassettes, and secondhand .screens or blank cardlioards may be used 
for subsfitntions. Because of such practices, it is advisabh; to identify each 
screen with the words: "I’roiierty of the I'nited States riovernmcnt.” This 
description mi>rht be written with indelible ink alon^ a maiyin of the .screen 
whereby the wording will not bo reproduced onto useful jmrtions of the roent- 
genogram. If thc.se captionings arc accomi>lished in the handwritimr of the 
radiologist, there will be ju'ovided a definite challenge in ca.se roentgenograms 
are found in the department which do not bear his handwriting, even thou"h it 
be evident that .such roentgenograms were obtained with the use of casscttc.s. 

The.se responsibilities pertain, in a general way. to all Army roentgenologists. 
Whereas one day ho may be a.ssigncd to a task requiiang knowledge in one phase 
of roentgenology, at another time he can e.xpect a different or more compre- 
hensive a.ssignment. Anticipation of duty in the field of combat should be in 
the minds of all. In a jircvious jiajicr- the rcsimnsiliilities of the roentgenologist 
were considered in terms of the home communities versus the anticipated duties 
in the theater of operations. Breliminary work has been c.ssentially concerned 
with che.st examinations.'’ Tliis ])ha.se. too, is subspecialized to the extent of 
having to deal with miniature films and with hundreds of studies each day — 
mass survey studios— -and being guiilod by regulations with resju’ct to acceptable 
versus unacceptable findings. lifost of this work has been concerned with chest 
roentgenology — known to qualified I’oentgcnologists and jilithisiologists. The phm 
of this pha.so has boon so well crystallized that detailed de.scriiition of it would 
seem to be unimportant at this time. It must be realized, however, that these 
activities are continuing, and they must be expected again on a very large scale 
at a time of demobilization following completion of the gigantic ta.sk in which 
we arc now involved. 

SUMMARY 

In general, it is realized that “roentgenology is roentgenology ivhether it 
be practiced in the Army or out of the Army.’’ Tlie Arm.v roentgenologist is 
.spared certain responsibilities, such as tiiosc concerned with obstetrics, gync- 
cologjq and to a large extent, those concerned with children’s diseases and radia- 
tion therapy of malignancies. However, thc.se excmjitions are more than com- 
pensated by a number of requirements such as cxcc])tional ingenuity, an ability 
to command men, and very diplomatically coordinate the roentgenologic service; 
particular acuity of diagnostic ability by way of roentgenoscoiyv witliout requir- 
ing film studies; familiarity ivith foreign-body localizations and familiarity 
with requisitioning and handling of equipment and supplies. 
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EFFECTS OF :M0DERN WARFARE OX ClVn^ POPULATION 


ExpKPviiiKcr: of Grfat Britain^ 


D. Den’N'v-Browx, jM.B., F.R.C.P. 


^0 BECIX' with T shall outline some "cneral aspects of air bombing^ and 
procedures taken by the civil authorities, such as evacuation and provision 
of shelters, because these affect the type and kind of nervous casualties from 
air raids. Indeed, prophylaxis is more important than treatment. 

It was anticipated that any densely populated area which was subjected 
to militaiy bombing would be the .scene of mass panic and mass hy.sterical 
phenomena, as well as mass destnietion. Yet, bombing of civilian population 
has failed to produce any sort of mass panic or nervous manifestations. That 
lias first evident in Barcelona during the Spani.sh War, where the population 
settled dovTi to a daily routine of their occupations for months of severe bomh- 
’ng. Y e have very little direct information of the effects in China or War.saw 
or in Rotterdam, but there is certainly no report of such mass nervous reaction. 

lore has been nothing of the sort in London or Coventry or any of the other 
-jiitish cities that have been intensely bombed. I think the chief reason is 
at the population is prepared by earlier, milder experience. If the Luftwaffe 
ac taken the opportunity to bomb London on the very first day after war was 
(Geared and had caught a denselj' populated area at a time when nervous 
^ension was at its height, the talc might have been different. But, in actual 
act, there was sufficient warning, it was always obvious that things were get- 
ing Morse, and nearly always people have experienced bombs at a di.stancc 
^c oic they have experience of bombs close by. Possibly most of those who 
ce t ej cannot go on M'ith it manage to get away somewhere where bombing 
not so intense. 


lim'f r effect of a bomb dropped from the air is extraordinarily 

e( . I 7 , the toM-ns that have been bombed, you will see a house missing 
^eie, a .shop missing there, or a large hole in the .street. Houses on either side 
<uc lattered by flying masoni-y but are not blown fbnvn. Within a radius of 
left",?, ynrds there is utter destruction, and beyond that things are 

off ^ ’Ihin finite a much wider radius all glass, windowpane.s, and 

cuinsf^ ^ broken by the blast of the explosion. Under those eir- 

to T therefore, fairly obvious that though a shelter of any sort has 

the'Ifr!'/. built, and if possible, to be deeply built in order to escape 

A ^ ^ bicre are relatively very few chances of such a liit. 

hit ‘''■"'■'*’””1 shelter is about the only place that is safe from a direct 

b'd’ld Mimeient"'T‘'"^ shelters are very expensive to build. It is impossible to 

virtuallv l,e -.n U I>'’P('b-dion of a city. Jt M-ouId 

•inolher city tinder the around. Further, even deep shelters have 


W;iHl, 


liitil. f'l’rlnt'il from ColUrtrif J.rr-t 


il,f Mttrr.jKiIit.'.n .<;t 
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disadvantages in tliat occasionally aii explosion Ticar 1jy will fracture deep water 
and gas conduits, and so bring danger of drowning or poisoning to the occu- 
pants. Many nervous peoi)le will literally spend all their time in deep shelters 
if they can. They are better evacuated from the area. It is Jiiore satisfactory 
to have people seattei'cd as nuieh ns iiossible rather than have them all together 
in one place. The ordinary ])ei-.son is accordingly encouraged to take shelter 
in basements undei’ oi' near his luvii home oi’ near his place of work rather 
than to seek some large i)ublic shelter. A iicrccntagc of bombs dropped 
indi.scriminately fall 7iot in building.s' but in streets, yards, and other .spaces, 
even in a city. Any modei'ii sfecl-franie building offers fair ])rotoction. Bomb- 
ing of towns in broad daylight in the face of an aii- force that has any real 
strength has proved to be too exi)ensive for the air force concerned, .so that 
it is mainly a nocturnal experience. Shelters should be warmed, should he 
provided with some sort of sleeping accommodalions, bunks, .•ind they should 
be provided with adequate sanitation, and, if liossible, with some tir.sl-aid 
arrangements. 

While many people will take .shelter, there is juueh to be done on the 
surface. The most etTicient weapon of an air foi-ee seeking to destroy industry 
or communications is the ineendiai-y bomb. Thousands of these bombs can be 
dropped rapidly in a small area, and twenty mimites later, when a few fires 
have started, another group of bombers can drop more high explosives and 
more incendiaries. If the incendiaries arc e.xtinguished, the damage is min- 
imized and the bombei-s do not .see their targets. If is c.ssential to have large 
munbers of the population on the watch for fln'in, on every roof with sand 
and spray pump to extinguish them rapidly wherever they fall. For this rea- 
son, in every area likely to be bombed the pojmlation has much to do bo.sidcs 
take .sheltei'. Clerks, bus drivei's. profe.ssional men and women, all except 
children, have to take turns in tirc-watching homes, industries, offices. Thus 
people are as widely dispersed as ])o.ssil>le in any underground shelter or base- 
ment, and many othci\s are fire-watching. In addition there is the ordinary 
force of civil air-raid wardens, ambulance and first-aid posts, and accessory 
fire tenders manned by part-time and full-time pei-sonncl. as well as the regular 
municipal hospital and fire service.s. One-third of the population is engaged 
in some form of “air-raid defense." In such a scattered and occupied popula- 
tion the casualty rate in one heavy night bombing in a place of 100,000 pop- 
ulation would be appro.ximately 2.50 to .500 people in.iurcd in the raid, depend- 
ing upon its intensity. 

A number of problems arise from tins sort of organization. An air raid 
is a terrifying happening, but the effeets are minimized by good organization. 
Hospital services are scattered as much as possible. Emergency light and other 
services are prepared. The sorting of casualties is arranged so that someone 
responsible sees every casualty on arrival and immediately attaches an appro- 
priate label. The most impoi-tant category is shock, because many patients 
with multiple injuries arc dug out and are found to be severely shocked on 
arrival to the liospital. All patients referred with purely 2 iervous sjnnptoms 
are segregated. The responsibility on those who segregate the patient is high, 
for they should be able to distinguish shock and hysteria, be immediately able 
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to direct the excitable patient or the patient who is simply mute, or the patient 
who is in a state of stupor, to a place where he can he dealt with separately. 
It must not he forgotten that occasionally patients who are in a state of stupor 
may get very cold and shocked, even though they actually may not suffer any 
particular bodily injury. For many patients a hot drink and a sedative are 
sufficient. The most useful drugs are bromide and chloral, a mi.xture of -30 
grains of bromide with 20 grains of ehloi'al, but occasionally morphine is 
used. From 50 to 75 per cent of the patients suffering from nervous conditions 
during air raids will be ready to go home after having hot coffee and a sedative 
and after having been allowed to rest or .sleep until morning. The remainder 
are admitted the next day to a subsidiarj^ ho.spital outside the towm. A large 
building in the country, a big school, or more often a mental hospital, part of 
Bhieh has been evaeuated so that three of five or six wings would be rised for 
the reception of casualties, is used. 


With this sort of scheme, the original lai’ge city hospital is arranged to 
accommodate perhaps only 150 patients as a casualty hospital. In between 
air raids the normal population still attends out-patient cHnies of the original 
ospital, and patients requiring hospital admission are admitted not to the 
Paient hospital but to one of the rural subsidiaries. The arrangements are 
a ways such that the subsidiary keeps about three-quarters of the beds pre- 
pared for easualties. This system has never at any time been overstrained. 

act, there are many critics who say it is too elaborate. However, it is very 
po^ible that air raids %vill be more frightful .still, since so far all belligerents 
a'e been spared the horrors of gas warfare. 

all S®*ieral procedure wdth nervous and psychiati'ic casualties is to move 
^ 0 have not recovered in four to six weeks to special hospitals for such 

ases. It has been found necessary' in London to have only two ho.spitals 
m ote entirely to nervous disorders, and neither of these has ever been com- 
nc- ^ ^ If has never happened that such a large number of strictly 

^^enous casualties has occurred in any' one place that they .should have to be 
atTh^ ^ireet to any' particular hospital for nervous disorders. There were 
ties h least three other special ho.spitals set up for nervous ca.sual- 

^ , ut these -were long since disbanded, IMost nervous casualties recover rapidly*. 
Wh common type of neiwous casualty* is stupor or hy'sterical fugue. 

Peonl” ^Of^bing goes on night after night for two weeks or more, a number of 
to down, but usmally before this condition occurs they* are pensuaded 

zatT ° ^ countiy for a one or two niglit re.sl, and are aided by* .some m-gani- 
timt”*- purpose. Everyone feels it is his or her duty to .stay, so 

supervision is necessary to make the best of such arrange- 
wiil n'f . people need very hadly is sleep, and a good organization 

two beforehand to send cveryl)ody in rotation away from the city for 

twciul? country. 'I'hey sleep solidly for the first 

. - our lours, then relax for another day and are ready to go back again. 

raZiTZ exhaustion, witli anxiety symptoms and depre.ssion 

kinds of fugues are extremely eoinmon. There are di/ferent 

i rsi:: T- , "\-'r ^ 

etallcd u ith only slight assistance. In others it is deeper and .some 
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assistance by suirpestiou or hyjniosis is viH|uirc(l. 1 litiiilc il is cssciifia! to 
recover the amnesia in most eases, hi still ot/icr ease.s tin- rJi.ssociatcd state or 
fugue is only one aspect of what is very niiieli deeper emotional depression, 
and even if you succeed in clearing the fugue, a depressed state U'itli z’ctarda- 
tion, often some depersonalization, remains. 'I'iie iline.ss has then a certain 
momentum ’ivliicli will talce several week.s. jierliajis five or si.\ months, to over- 
come. Such patients ninst he dealt with in special hospitals with such ti'oat- 
ments as continuous Juircosis. which iti my experience has hcen most satisfae- 
toiy. except that it does rcfjuire very .skillful nursing and personnel. Convul- 
sive therap.v is little used for such eases. 

It is diflicult to g-et ;ttiy slatislie.s. for psvudiiati'ic casuidties are mixed up 
U'ifh all others at the stai't. and urc moved so rapi<ily and so far. Xo doubt 
official figures will he available in lime. Jfiit J can .say that from very large 
citie.s, .such as London, the .scale of inrsisUnf <lis;il)ilify is very little more than 
the rate of peacetime nervous iline.ss t their [mpidalion being now mueh lower 
through evacuation of womvn. ehihlreii. ami soim- industries to the eouutry). 

'I’hose dealing with jxsA-ehiatide casualties ha\'e found, just as those dealing 
■with ixsyehiatrie eoiiditious in the ,\rmy and olliei- services have found, that 
it is the per.son who has had consfilniional history and previous had personal 
history who is liable to hroiilc dawn. If yon sele(-t tiio.se patimils who have not 
recovered after six weeks, tiie jiroporlion of them who have* either had famil}' 
lihstoiy, or history of previous hreakdown, or both, is very high indeed, .soiue- 
time.s over 90 ))er cent. .So it is the peacetiim* ps.vidioueiirolies that turn up 
under war eoiiditious with breakdowns. People can adapt themselves to all 
conditions. If hreakdown does occur, il has a natural leiideiic.v to recovery. 
Certainly I am sure young children are affected very mueh less than adults. 
Children up to the age of ;l or 4 do not ajipmir to realize what is .going oil. 
I have seen nervous children between the ages of (1 and 12 years with lie.s. 
eimre.sis, troubled sleep, scroaiiiing attacks, tantriims. etc., if they are up-‘’'('t 
ly an air raid, but most of them .settle down very (piiekly. A very small per- 
centage of children suffer from persistent nervous comlitioiis, and tho.se are 
usually constitutionally iiervou.s children. In some all this disturhaiice of 
ordinary life is a help to psyehoneurosis. .Some ehruiiie neurotics of peacetime 
now drive ambulauees or tire tenders ami eomplaiti no longer of ibcir nervous 
s}Tnptoms. The more simple anxiety state, if there is soiuelliing rcall.v worth 
while to get on witli, can he really benefited by all lliis organization and feeling 
of urgency. If a breakdown oeenns. il will, of course, be more severe. But 
the herd instinct can have beneficial effeet.s, and the rejuvenation of the chronic 
psychonenrotie is one of them. 

Apart from the direct effects of the air raid, there are other problems re- 
lated to evacuation. It is important in densely j)opulaled areas to try to get 
eveiybody who is not oeenpied in e.s-.scnlia] work out to some otiier place, to move 
industiy, and women and children from the densely populated arca.s to country 
areas where bombing is either not likely or not dangerous. Coniinunications iU’C 
not alwaj^s good, and the wife with her cliildren in the country soon gets worried 
as to what has happened to her husband in town. In England all evacuation 
is jiurely voluntary. The government pays the expenses of moving the family 
to the country, but, of course, the wage earner still has to pay tlie rent for his 
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apartment or house in town, and he has to contribute to the upkeep of the 
family in the country. There is a much greater stress on the family budget. 
Such an.xieties can in part be dealt with by a good social service organization. 
A framework of experienced social service workers can function very efficiently 
if sufficient voluntary help is available from women's societies. A small bureau 
is established in every town and village for .evacuated people, managed usually 
by one paid .secretary and a number of volunteer workers, and is called the 
Citizens’ Advice Bureau. Advice is given on all. problems, eommunieation with 
relatives, notification of casualties, procedure in relation to pajnng rents and 
claims for damages. Such an organization is an excellent prophylactic for 
psyclioneurosis. 


THE CHEiilOTHERAPY OF BACILLARY DYSENTERY* 


Further Observations ox Sulfaguaxidu:e 


CoAiM.vxDER George il. Lvox, M.C., U. S. N. R. 


'~PHE use of sulfaguanidine in the treatment of acute bacillary dysentery 
ha.s been described in a report' based on the study of a small series of pa- 
tients having the disease in a severe or moderately severe form. In this study 
alternate patients were treated with the chemical while others, as controhs, 
were not. Since that time sulfaguanidine, the guanidine analogue of sulfa- 
Pyridine, has had extensive practical application in the management of patients 
"ith "bloody flux” in the offices, homes, and hospitals of an area wherein 
bacillary dysentery is an important disease. An unusual opportunity for this 
study Avas presented bj' the occuin-ence, during this time, of what was probably. 
Ill the counties concerned, the highest incidence of the disease since 1926. ^More 
than .300 patients with ‘‘bloody flux” were treated with sulfaguanidine. Their 
lecords permit an appraisal of the effectiveness, and the suitability of this 
chemical agent for general practice in the treatment of acute bacillary dysen- 
tciy, not only in the hospital, but of perhaps even more practical importance. 
Ill the offices and homes as Avell. A more detailed analysis of these records has 
‘ilready been presented."" 

Y ith few exceptions the method of administration employed was that 
ciiginally recommended by ^larshalP and employed in the previous clinical 
studj T],c initial dose u as 0.1 gi’am per kilogram of body weight. Avhile the 
laaiiUenance dose was 0.05 gram per kilogram of body Aveight administered 
oiallj ei’cry 4 hours until the stools were less than 5 in 24 hours, and then 0.05 
plains per kilogram of body Avcight every 8 hours for 48 to 72 hours. That an 
cf|uate urinary output should be maintained, had been stressed repeatedly 
am in general was well observed. Particular attention was paid to the detec- 
loii of any untoward effects Avhich might result from the administration of the 
_‘''^'^'c ly new chemical. 

Uf'ci'WpA for imbUratlon. Octobe r 7.0, 1941. 

^printfd from the I'nitod Naval Medical nulklin 40: COl (July). 1942. 
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>rom ihiH cxim-ioncv cortniM jmpmssion.s liare boc.i i.i mldilion to 

Juch thorc nio sonw more dofiintc conr-lu.sioD.s udiich ni.-iy he drawn, and it is, 

t eieloic, possihlo nou- (o pro.scnl Airthor m'onMncndation.s in rcfrard to the 
clinical use of Die dMi4'. 

efteetivo fliofapeut ie af'cnl in the treat- 
wW, f ‘T When used in the manner de.serihed, and 

w.c 1 I f “ "*■ ''■■''■lariees. .a day.s of eheinothernpy 

tnvl <r '*^4 lerpiiied. hen so used .snJf{i<r|i.'mifiine was enfireJv free from 
fn'rLf ffi ''f/^anwrs frmn toxic e/reefs is in strikintr contrast 

e,^r-‘i}nri j ^ ^^aaniiile eonipoiinds, one of which, sulfatliinzoie, is de- 

hioiilntvll ^Hite as effective as .sulfatriianidine in the iivniumit of acute 
in ihe f'l f indeed may he more eflV'etix-e flian siilfagtianidine 
m the treatment, of Dm diarrlieas resultinir from jiareiitera) infoetion.s-.''- 

oncAt ^ *^)ated, ulien ehemotherajiy was- he'riin wifliin o days of the 

rnvoT ’ 1 (i>y i ion, and when omjiloyod in the manner deserihed. re- 

Jate!. i, 2 to 5 days. When not employed mifil 

enentitif /V icsults were frequently am!r/in'.:Iy frond, hut failures were 

was Wn f'-oquently. M'hcii treatment with the drug 

were IwiA-h ^ hefore the eleventh day. results, as a rule, 

the first fibrin eleventh day. hut not as good as duiiiig 

,,r, ^''dmi fance of carl.r (I'catmeiif cannot he overemphasized. 

nreseiit-^^A^'A hlood and pus in the stools and when there was fever 

wcT'A nn t 1 ‘ ^ treatments were nut heguii carlv in the disease, results 

howeve? ihV" patients treated earlier. AVlien. 

noc i' H ^^eilli had disappeared, ami when there was no blood 

sfnni ^ m soos, uheii the stage of haclerial aetivifv was past and the 

ellter!r] -n a '"u charaeteristie of the frequently en- 

IcTst heoAfi ; indigestion), .sulfagunnidinc had the 

Ivino- +1 7 ^ ^ expected, however, in view of the under- 

lying pathology. 

frAA,!! outstanding characteristic of acute bacillary dv.senterv, altlioiigh one 
freqncntl.y overlooked that with rcmarkahle frequency the stage of active 
bacterial infection 1.S followed by an impaired ability on the pai-t of the in- 
e 1 la tac o igcst and to assimilate food. It is generallv accepted that 
his oeeiirs as a result of the damage produced within the gastrointestinal tract 
by the dj'sentery bacilli, or their toxins. This form of “post-infection” in- 
cs ina in igestion was formerly very common among infants and .A’onng cliil- 
ren, anc is not infieqnent today iu those dysentery patients not receiving 
chemotherapy. Although le.ss common in adults, this sequela is not at all 
an infrequent one. Since this condition results from damage done to the in- 
testinal tract by the bacilli tlieimselve.s, or by toxins produced by them, and 
since t le baeilh by this time have usually left the iiite.stinal tract, or liave been 
supplanted by secondary invaders, one cannot cxfiect sulfaguaiiidine to be such 
ail effective agent in clearing up this diarrheal state. In actual practice it did 
not do so. 

Sulfathiazole is said to be effective in those cases where the contiiiiied diar- 
rhea is the result of secondary invaders, wiDi or without deep ulceration. On 
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theoretical grounds there is indeed much to recommend it, or sulfadiazine, in 
such instance;?, and either may be more effective than sulfaguanidine. Foi’tu- 
nately, such conditions are not commonly encountered and practically never 
occur if chemotherapy is instituted early in the infection. Occasional cases of 
diarrhea were encountered which appeared to ])e simple watery diarrhea, with- 
out significant bacterial infection, without blood and pus in the stools, and 
which, despite adequate chemotherapy, did not yield to either sulfaguanidine 
or sulfathiazole. In such eases the diarrhea may possibly have been due to : 

1. A previously undetected acute bacillary dysentery with the subsequent development of 
the “post-infection” intestinal indigestion already described. 

2. A parenteral infection not discovered. 

3. A diarrhea due to a local or systemic virus infection. 


In general, the best results with sulfaguanidine were obtained in those 
patients treated earliest after onset, who were most ill, and who had blood 
and pus in their diarrheal stools at the time chemotherapy was begun. It was 
least effective in those in whom treatment was not started until after the acute 
bacterial invasion was over, when the stools were simply green, watery, and 
Ynthout blood, pus, or dj'senteiy bacilli. 

Sulfaguanidine appears to be equally effective against all of the Y'arious 
strains of dysentery bacilli. Paradoxical as it may seem, it has appeared to 
have its most striking effect in the treatment of the toxic Flexner and Shiga 
strains. Two instances of Shiga were added and the results were the same as 
Ynth Flexner. This has since been amply confirmed by Hard 5 ' and others. 
There is some limited evidence to suggest it was somewhat less effective 
against the clinically less toxic Sonne strain, one which so frequently gives 
rise to mild afebrile diarrhea without blood in the stools and often with 


httle pus. 

Most of the toxic effects which have been observed in the nse of the other 
sulfonamides have also occurred following the use of sulfaguanidine. Such 
have, however, occurred almost invariably when the drug had been given in 
doses larger than recommended by Marshall and doses that were larger than 
those employed in the present study, and when, likewise, due regard was not 
paid to the importance of the frequency and the character of the stools, and 
lo the relationship this has to the concentration of the drug in the intestinal 
tract when the stools are infrequent. Such toxic effects can be avoided aImo.st 
entirely by employing the drug as recommended originally by Marshall, pro- 
vided thei'e is meanwhile an adequate urinary output, which definitely en- 
lances the likelihood of there being no toxic effects. An adequate urinary 
output is always a desideratum in the treatment of acute bacillary dysentery. 

le fact that treatment is usually terminated in 5 to 7 days is an added safe- 
guard against toxic effects. Toxic effects may have been encountered some- 
VV 'at more frequently in adults than in infants or young children where they 
'e> were almost entirely missing. 

ill sulfaguanidine was least effective after the first 5 to 10 days of 

VvUess, and after the blood and pus in the .stools had given way to the plain 
a cry stool \vhich contained no dysentery bacilli, there is sufiieient evidence 
noMi "’'T'eate the de.sirability for the use of .sulfaguanidine in all sus- 
o'l casc.s of bacillary dysentery, “flux,” or “infectious diarrhea” with 
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fever. It slioiild lie friveii for 5 to 7 ilay.s and tliereafter if recovcM-y lia.s not 
oeeurred it may lie liest to ”:ivo .sulfatliiar.ole, or still better, perhajis sulfa- 
diazine, tor anollier o to 7 day.s. In tlie meantime, strict refrard must lie paid 
to the urinary output, tor witli ail of the .sulfonandde eomjmunds there is a 
strict relationship between ade(|uale urinary outinit and freedom from to.xreity. 


I'his is jiartieularly to be remembered in the use' of sulfathiazole and sulfa- 


diazine. 


here there are obvious or suspected infections outsidt* the "aslrointestinal 
tract, it may be desirable, at the onset, to use sulfathiazole, or sulfadiazine, in 
the iilaee ot sulla'ruanidine. While in suc.h instances this i)ractice may iierhajis 
be more efieetive. in the e.xperience describ(‘d. it was lu'ver necessary to resort 
to it in the early stafres ot the acute infection. Also it })resented no strikiii'ily 
favorable I'esults in the treatment of those eases with such complications ob- 
served 10 or more day.s after the onset of diarrhea. 

AIthon<:h imtentially cariyin'j' a ureatei- risk of to.\i<dty. both sulfathiazole 
and sulfadiazine have lu'cn shown to be ell'eclive in the acute stat-'cs of bacil- 
lary dysentery, lleeause of their p-reater tendency to ])roduce to.vic cfi'cct.s. 
and because of the irreater cart' with which they must be fr'Ycn. it would sccni 
that they should be the druiis of secondaiw choice in the treatment of acute 
bacillary dysentery in the early stafies. In the latei’ staL'cs. or in the state of 
post-infection ’ intestinal indi<restion. their use may be more stroiifil.v indi- 
cated. I'or use in the home, office, or disjiensary thev are definitely not .so safe 
as sulfasuanidine. and slioidd not be enijiloyi'd as sulfafiuanidine may be. One 
of the most satislaetor.v leatui'cs of sulfamianidine is the larjxe marfrin of 
safet.v permitted in this respect without saerificinir theraijeutic eflicacy. If is 
ncce.s.sary, frequently, to treat eases of acute bacillary dysentery without the 
benefit of hospitalization. ]‘or them .sulfauuani<line is distinetlv the drug of 
choice. Lxperience has proved that pood results have followed this jiractice. 

I'jXcepting newborn, no disiths oceurre<l among the ))atients treated with 
sulfaguanidinc. provided tceatmenf was begun duiang the first 5 days of illness 
(dial rhea and fever) and such case.s did not have other important infection 
outside the intestinal tract. Pai'cnteral infections, whether due to a virus of 
the influenza type, or to jiyogcnie baiTeria. were observed to exert a detri- 
mental influence on the clinical ])rogce.ss of the jiatient with bacillar.v dysentery 
,iust as they have on other diarrheal .states. It is not logical to expect that such 
parenteral infections woubl yield to .sulfaguanidinc therajiy. On the other 
hand, it was observed, more fretpiently than not. that under the influence of 
the drug, the stools became normal promptly' and the intestinal tract appeared 
better able to cany out its work. 

In the latter stages of acute bacillary dysentery or its sequela, it may' 
be impossible to determine which of the difficulties encountered arc due to a 
continuation of the firimary bacterial invasion, to secondary' invaders of the 
intestinal tract, to parenteral infection, or to damages within the intestinal 
tract due to the primary bacterial invasion. This complicates the problem of 
appraising the effectiveness of any chemotherapeutic agent used in acute bacil- 
lary dy'senteiy or other diarrheal states. 

No persistent states of “post-infection” intestinal indigestion developed 
in any' of the patients in whom chemotherapy' was started within 5 day's of the 
onset of fever or dianhea. 
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Those cases receiving tlie chemical early shoved surprisingly little clis- 
turbance of digestion either during the period of active therapy or following 
recovery. In spite of this,, however, it has seemed advisable to employ a bland 
diet, moderately restricted in amount, during the period of active treatment. 
There is some reason, based upon cai-eful observation, to believe that those 
patients who were on a diet which was high in protein (casein), and which 
was moderately re.stricted in amount, presented the best and most prompt 
recoveries. Cultured lactic acid milk, cottage cheese, Philadelphia cream 
cheese, and custard, when given in moderate amounts, seemed to be the diet 
of choice. Vitamins, in powder form, were added to the cultured lactic acid 
milk and may, or may i\ot, have influenced the recoveries. 


Sulfaguanidinc Avas most effective during the time when the dysentery 
bacilli were more active. It was least effective Avhen the activity of these bac- 
teria Avas absent and Avhen their residua remained Avithin the intestinal tract 
in the form of abnormal physiologic states. "While the chemical effectiA’ely 
controlled the activity of the bacteria, it did not, by itself, correct damages 
already produced by the bacteria, or their toxin.s, once such damage A\-a.s al- 
ready established. By controlling the bacterial infection, sulfaguanidinc may 
have aided such supportive measui-es as adequate fluid intake, intravenous glu- 
cose, calcium gluconate, transfusions of serum or Avhole blood, etc., so that 
they might, more effectively, correct attendant chemical pathology. It .should 
be emphasized that sulfaguanidinc did not and Avill not overcome acidosis, de- 
hj'dration, fluid imbalance, or electrolyte disturbance. 

V hen altered physiologic states, or those characterized by imusual chemi- 
cal pathologj>-, Avere already present before the institution of chemotherapy, it 
''as necessary to employ measures directed toAvard these specific conditions. 
^ the more protracted forms, and in the absence of such special measure.s, 
chemotherapy Avould undoubtedly haA-e been much less effectiA'e. 

SuLfaguanidine AA-as not as effectiA'e in I’ecurrent attacks of bacillary dys- 
entery, nor in the more chronic forms, as it Avas AA'hen used Avithin 5 days 
after the onset of the original attack. If, on the other hand, the stools con- 
amed blood or pus, and there Avere dysentery bacilli in the stools as sIioaa'u by 
cn ture, the results Avere generally A'ery good. It Avas difficult to predict Avhat 
c result would be. At times, so striking and so prompt Avere the beneficial 
cets of the drug, in these forms of bacillary dysentery, that one cannot 
conviction that sulfaguanidinc should be administered in all foi-ms 
’‘acdlary dysentery for at least 5 to 7 days in the manner recommended. If 
a the end of that time recovery is not apparent, then sulfathiazolc or sulfa- 
^^azine should be giA'en for 5 to 7 days. Sojne of the most amazing re.sults so 
< encountered in the use of sulfaguanidinc octuirrcd in stubborn, ser-ious cases 
01 chronic bacillary dysentery. 

s If Avhether early or delayed, Avere extremely rare after the use of 

Av- in the ti-eatment of acute bacillary dysentery. Certainly this 

in tV” contrast to the frequency with Avhieh such conditions occurred 

lose Avho did not receive chemotherapy. 

<lii 1 reason to believe, either from the bacteriologic or from the 

' eimolog|e standpoint, that the use of sulfaguanidinc tended to “ma.sk” 

li. or to complicate the cominunity health situation 


j"‘rctions of dysentery bacilli. 

• "“•‘•'■•'‘•''ing the “carrier” rate. 
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Tiji; .rovitsM, or i^AisoRATonv ax» ciaswMj jfrmoiKt: 


Ju liomcs vJiero outbreaks resembling llic institution type of outbreak of 
hnciUnry dysentery oecuived, it iras possible, with sulfaguaiudine, to control 
pvompDy and effectively, not only tlic individual cases, but also the spread of 
the outbreak as well. The clicmical has great value ns a coulvol agent in out- 
bi’caks ocetiiTing among those rvliose living conditions arc crowded, wliicii so 
frefjucntly arc encountered in mining ni'cns, in the poorer districts, and even 
in military cutups and ostablislimcnts. It is possible in an institution to check 
such an outbreak witliin a fexv days Ity giving everyone in the institution the 
chemical for* a period o£ 5 to 7 days. It must be remembered that in so doing 
the maintenance dose should be employed and given onlj' every 8 hours if the 
stools are less limn 5 a day as they arc apt to be in those not already stricken 
witlr the maladj'. 

Sulfaguanidinc is of dofi/iitc value in reducing the number of days of ill- 
ness due to bacillary dysentery. TJji.s gives it unusual importance in iiulustriai 
and military medicine. Its wider use will result in a continuously lower dysen- 
tery nrovtality rale. 

Earlj' recognition and early treatment are just ns important in the ti'cat- 
ineirt of bacillary dysentery as the antibacterial activity of the chemical itself. 
Best 2 ‘esults rvei'c definitely attained whorr chemotherapy was applied early rn 
the di.sease. 

Sulfaguanidinc is quite as effeefire in the trcnlmcnt of acute bacillary 
dysentery in adults a.s it is in infants and young children. 

Chemotherapy has completely revolutionized the treatment of bacillary 
dysentery. Sulfaguarridino is quite as effective in the treatment of acute 
bacillary dysentery as sulfanilamide is in the treatnrent of some strejrtococcal 
infection.? or as flic other sulfonamide compounds arc in the pneumococenl rn- 
feetions. Besides its therapeutic effectiveness, tlio chemical is easy to give and 
has such a wide margin of safely- that it is the ideal agent to rrsc in the frent- 
nient of bacillary dysentery. 

Note . — Since submitting tliis report, it has been passilgc to observe the tre.^tmenf of 
patients with severe or moderatclj' severe bacillary ilyscutory, who were treated witb .sueem) 
sutfatbiazole. In severity- and in ciinicnl cliarncteristics tlicsc wore in nil respects similar 
to those previously described in a controlled study.i Tiio initial dose was twice tlic main- 
tenance dose. This in turn was 0.04 gram per kilogram of body weight every 4 Iionrs if 
six doses rvero given daily, or O.O.I gram per kilograni if five doses wore given daily at 
appro.xiniatcly 4-liour intervals. After the diarrhea had boon “checked” for 72 hours the 
drug was discontinued. In this admittedly small series of cnscs, siiccinyl sulfathiazole ap- 
peared to have all the virtues of sulfagunnidiiio ns to therapeutic oflicacy and as to 
freedom from untoward effects. It was exceedingly well tolerated. — [G. b'-] 
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]\IEDICAL ILLUSTRATION IN THE UNITED STATES ARMY« 


Historical and Present Considerations 


Captain Ralph P. Creer,! U. S. Army 


TT HAS been said that the only wortliwhile result of any war is the great 
advancement that is produced in medical science. If this is true, then it fol- 
lows that proper and adequate illustrations of these achievements are important. 

^Medical illustration in time of war is by no means new. The ancient 
Greeks and Romans produced illustrations of a medicomilitaiy nature (Fig. 1). 
As early as 1497 line drawings appeared in The Booh of Surgery. One illus- 
tration entitled “The Wound hlan” shows many types of injuries by various 
■"'eapons and external agents, such as those acquired from a thorn, an arrow, a 
club, a knife, a sword, and similar devices (Pig. 2A). Another woodcut pub- 
lished in 1528 illustrates the disinfection of a wound by cauterization (Pig. 2R). 
The extraction of an arrow from the cardiac region by militarj’- surgeons was also 
depicted in 1528 (Fig. 20).^ 

The surgical work of Ambroise Pare,® famous French surgeon, published 
ju 1634, contains medical drawings. The Memoirs of Larrey,'* surgeon to 

upoleon, is illustrated with fine steel engravings of war wounds and instru- 
uients. 

There are many other examples of early medicomilitarj' art. However, 
>u the interest of brevitj' this paper is limited to medical art in the Anny of 
1 ’c United States, beginning with the Civil War. 

On Nov. 24, 1863 Gen. Joseph K. Barnes, Acting Surgeon of the Ai-my, 
'ssuecl the following Circular Letter No. 26 : 

The attention of Medical Officers in charge of U. S. A. General 
Hospitals is invited to the importance of preparing illustrations of the 
results of surgical operations. These can in many instances he con- 
veniently obtained by means of plaster casts, wiiich are readily made 
"ithout subjecting patients to the slightest inconvenience. 

TIic casts most desired arc those of stumps of amputations of 
c'cij \ariety, and models of limbs upon which exci.sions mav have 
neen perfoi-med. 


of War Between the Statas, The Medical and Surgkal Hislon, 

___ «’ of ihe Rchclhoik was published. This group of stately volumo.s gave 

laanU.irj-'^Cor'*'^ Mc(Uc.^l Museum. WashInBton. D. C. 
mcrlveti fQp publication. Januarj' j. 1943. 


Gjl 



G52 


TIIK .TOUnNAI, or r.AIIOItATOKV AND CI-INICAO AIKDICIXn 


:i clear visual idea oi' tlie tyi)e ol' woinuls ciicoimlered, llie means of surgical 
repair, and the many traiimatie <liseases wliieli tlieii as now were jiroblcms of 
all wars. 


There were a niiinl)er of eontril)ulor.s lo fliese well-illustraled hooks. Of 
eour.se, the early photomierographie aehieveineids of Col. J. •). Woodartl, 
Major Curtis, and W. M. Cray are well known lo students of pliolomierograpliy. 
William Bell. Charles Throught, anil C. d. Blaeklidge made most of the clinical 
and gro.ss pathologic photographs. 

The drawings were eontrihutcd by Baumgrass, i)r. .7. C. ^MeConnell, William 
Scludtze, Edward Htauch, and Hermann Falier. 'l’I\e latter iiad a distinguished 
eareer as an artist. At the outbreak of the Civil War he cnlistiid and was a-S- 
signed to the Surgeon Ceneral's Ofiiee as a medical artist, although rated ns a 
hosiiital steward. lie remained in the Service for live years and after the war 
returned to Philadelphia, wliere lie eontinued to practice his profe.ssion. To- 
gether with his two sons, laidwig and Erwin, and Louis Schmidt, he illustrated 
Piensol's llumun Annloviii'' and otlier impoi’tant texts. 

Special mention sliould also be made of fi’en. Ceorge Id. Sternberg, ivlio 
served as a medical otlieer in l!\e Civil War at tlie age of twenty-tlirco. Bac- 
teriology and idiotomierograjdiy were Ids main interests and in his biograph.' 
publi.shcd in 7920 by his wife ^lartha* the following statement is found: “After 
our arrival at Fort Mason, ])!•. Sternberg was not long in establishing at hi.s 
own expense a laboratory for biologic research. Tt 'vas here in .1SS1 that ho 
demonstrated and i)hotogra[»hed the tubercle bacillus, discovered by Professor 
ICoeh earlier in the same year. I am informed on good authority tiiat this "'US 
the first demonstration of the organism in America." 

He 'vas the author of a textbook entitled Pltoiomicroijraphif (tnd 
io Make Thcin^ In 7879 Stendierg published a 'vcll-illustratcd atlas oi photo- 
micrographs. He later became Surgeon fienei'al of the l.biited States Army. 

Jledieal illustration in the United Stales Army received its greatest impetus 
during Woidd War I. In Juno. 7977. i\Ir. Boy Peeve 'vas a.ssigned as pho- 
tographer at the Army Jledieal Museum. Almost immediately the need for a 
more active service 'vas recognized and in le.s.s than a year the personnel of 
this department "-as inerca.sed to ajiiji-oximately t'vcnty. Their duties for the 
most part consisted of photostat copying, and a number of lantern slides 'vere 
prepared for leaching purposes. Tin’s was the beginning of a I'crmanent pho- 
tographic department 'vhieh has contributed ever since to the cfi’cetive and 
efficient dissemination of medical knowledge. 

In the same year, 1917, a medical art dciiartment 'vas organized under the 
supervision of Lieut. William T. Schwarz and IJeul. M. L. Bauer; a motion 
pictnre section under the direction of Incut. Thomas Evans also 'vas started. 
The function of the art department is best described in an article by Jlajoi 
B. W. Schufeldt published in July, 1918.'® 


The scope of the Art llepartment 'vas, 'vhen first jmt on loot, ^ei.' 
modest, being principally confined lo the making of a series of dranhigs 
and designs for use in motion pictures. Then man after man "'as adde , 
each skilled in some special line, until at this 'vriling there are firs - 
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class painters in l)ol]i oil and water colors; anatomical and patholofrical 
artists, histological artists, as well as modelers and casters, designers — 
indeed, technical artisans of nearly every sort known to the professions 
and trades. 

Another field into which the output from this art department finds 
its way is the instimctioji of men and officers at the various caTitonments 
and camps, in this country as well as in France. This is accomplished 
through the scientific use of the motion pictui'c macliine and the lantern. 






CiK. 


'• The phj-.>!lclan lapyx extmetinK an 
hero Aeneaf!. From 


arrowhejul from the thiffh of the wounfled Trojan 
a Ponipenan wall painting?. 


'oinpctent medical officers, wlio are good instructors, ai’e sent out on this 
"mk, cfinipped with ])ro.iecting in.strument, screen, and films or slides, 
■"'d give a complete set of lectiu-es at the camp nr cantonment to whicli 
'c.\ are directed to i)roceed. This entire scheme has i-esulted in vastly 
'mpio\ing the fitne.ss and health of both officers and men of our army, 
the amount of improvement so i)roduced is now being very rai)idly 
’oncMsed. Ovn- art de])artmcml has very substantially aided in this, and 
s.issistaiice is being felt more and more <‘aeh day that ]>asses. 

litti aitists assimied were portrait or eomniei-eial painteis with 

n>Min medical illustration. Therefore, a eom[.lete disseetinir 

mi.ler'ti''^ diss(s-tions upon a cadaver 

'• le supervision of a eomj)etent anatoini.st and teacher. 
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llic motion ])k-turo d(>]):u1inenl wa.s cliafm’fl Avilli tlic resjionsibility of 
piomicin'j instructive loacliiiifr films in relation to Jioaltli for .Army consump- 
tion. The original ncgative.s wore made liy this doj)artment and a number of 
duplicate fdins ■were pi’occ.ssed by fl)c j)cr.sonn(‘l. Tbe inotion picture “Fit to 
Fight’ is an cxanpde of the 1yj)e of film i)roduced by tiie department; nine- 
teen copies were distributed throngliout Die .Army camps. Other two-reel 
anatomic pictures relating to vonoral di.seases were also made. 


During tlie course of and directly follo\ving the last war two c.\cci)tionnlIy 
^\Olth-^\hilo texts were published. In each instance medical illustrations were 
of incalculable value. 


^ A Manual of Surr/ical .lao/omi/” was authorized by the Secretary of 
AAai. Supei\ised by the Sui'geon G'cncral, this manual was i)j‘cj)ared at flic 
Unhcisity of Illinois and the illustrative work was executed under tbe direc- 
tion of Ulr. Tom Jones. 

Li 1020 a book entitled iSludics on Pathohum of ^Var das Pounnintj was 
published by Dr. lifilton AVinternitz. The work was done with the con.sent 
0 tie Siugcon General of the .Army and the f.’liemical AVarfarc Service. Tbi.s 
volume was well illustrated by .Air. .Armin Ilemberger, a medical artist at the 
A ale University School of Aledieine. 

Eaih^ in A])vil, lOlS, Col. Uouis B. AA’ilson rejiorted to France for 
duty as Director of the -National .Army Aledical .Aluscum Unit. Soon after his 
arrival he visualized the need for a competent medical illustration service 
an in Afai, 15)1S, a request was made for clinical photograiihers and artists 
who were already on duty at the Army .Alcdical Aluscum in AA'ashington. This 
request was disaiiprovcd by the general staff “in view of the e.visting tonnage 
.situation, and in the belief that the requirements could be sueccssfullv handled 
by the Signal or Dnginecring Corps.” 

An attempt to locate qualified personnel in these organizations proved 
futile. Thus, a second re(|uest was made to tbe AAhir Dcimrtment and finally 
on Sept. 14, 1918, one officer and .seven enlisted men arrived in France pre- 
pared to make motion pictures of war wounds and in.invic.s. A few weeks later 
several medical artists and moulagc experts rcjiortcd for duty and a general 
illustration unit rvas establisbcd at A’ichv in the central hospital laboratory 
of the Base Hospital Center. 

Prior to the arrival of this last group a number of units had brought 
■with them fairly good amateur idiot ogi-ajihers. However, in many instances 
these men ■nerc put into work entirely foreign to irhotographv and considci’ablc 
time ivas lost in effecting tlieir transfer to dejiartments wlicrc their pliotographia 
ability would be available to the medical service. Furthermore, Colonel AA’ilson 
eircoirntered some difficulty in arousing interest in medical motion pictures. 
Alost of the surgeons at tliat time did not see any value in motion pictures 
of surgical operations, and this particular branch of medical illustration was 
not encouraged. 

Furthermore, General Orders No. 15, H., A. E. F., Jan. 24, 1918, limited 
the practice of photogi-apliy in the American Expeditionary Forces to the 
Signal Corps. On Alay 25, 1918, another General Order was issued which 
amended the previous orders and cliarged the medical department with making 
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tc’clmiciil i)lK)t();i:r!ii)li.s of siiiVicnl iiml pjitlioinjiic iiilcj-csi. hi order lo winy 
out this responsiiiility ji survey of the inedieiil (l(‘|>iij-hneiit \v;i.s made to asecr- 
taiu the availalhlity of suitalile ]ihot()":raj>liie eiiuijuiieiil, 

Ik'cause of llie ju'evions ban on pliolo^rapliy by the Mediral Dejiavtment 
jiraetically no liosjiitals wei-e found e/|niiifie(l witli siifbeienl ajiparatus or 
materials. A few eanuu'as W(*re pr/xuired from l‘’reneh sourees, Ihrec were 
borrowed from (he Mijiual ('orp.s. and twenty-four from tlie roent!;ciiolo!:ie 
department of (iie professional sm-viee. When finally eipiipjied (his "rou!i I'lo- 
dueed thirty-five easts of surpieal ease.s. about 200 drawiiifTS, and more than 
1,000 photojjraphs of teehnieal subjeels prior to (he si^niin: of (lie armistice 
of Nov. 11. IfllS, appro.ximately three months of aefual .serviee, 

Althoufjrli the Signal ( 'oeps hud been authorized in Mareh, 1018. to 
illustrate (he medieal history of (he war, (liey Iiad been able to eover hut little 
of (lie medieal aelivities of (he Anierieaii K.xpedi I ionary Force, exeejit ior 
popular sulijeets which uviv used foi- (iroim^anda juirposi’s. After the si.irmnu 
of (he armisliee, and as soon as the clinical photographers could he released 
from their dutii's witli (‘ombat divisions, (hey cooperated witli tiie Si.imal 
(,’orps in illu.stratiii'r the medieal liislory with still and motion pietures. This 
bureau made more llian lO.flOO .still pictures and ahoiil -l(),0bb b’l-d 
pictures of hospital aetivilie.s, hospital locations, and proup mul individual 
picturo.s of (he medieal oftieei's of the (ionmail Staff. 

As a result of Ids K’nowled<re of the oi-franization difiieulties which were 
encountered duriiuj (lie First World War. Colonel Wilson wrote in the Fehriiaiy. 
1920, issue of the Mililari/ as follows: “ Nest rict ions on I)hotoJIraph.^, 

sncli as operated early in (he history of tlie A. K. F. so preatly to hninpcv 
llie activities of the Medical Depart rnent. would .seem to he uimeco.ssari 
for .safe^ruardinp: information, the Laboratory Division no doubt bein^ as inist- 
worlhy as (he Sijpial Coriis. Ib'oparalion .should be made in jieaee lime ior the 
selection of trained personnel for the various Idpbly sjieeialized functions which 
must necessarily be iierformcd. Provisions slumkl also be made, for a standaid 
pholofjrapliic eiiuipmciit to lie supplied to the laboratories of various types. 
Special attention should lie paid to jiholo^raphs of methods of handlin.sr the 
wounded and of the apiiearance and treatment of battle iigiiries in ioimaul 
areas, an adequate knowledge of the conditions of which is so e.sscnlial and 
yet so difficult to convey to the inexjierieneed medieal officer.” 

.Similar ideas were .sui>-<jested and the value of medieal illustration^ m 
time of war was outlined by llie author in a jiaper presented at the Annual (.on 
vention of the Association of Jl Hilary Surgeons in Oetoher, 3938.'' 

At the request of the Surgeon (teneraCs (Jfficc tiie Biological Photographic 
.Association in 1940 fnrnislied a list of competent, and qualified clinical pho 
tographers. Sir. Tom Jones and hlr. Jack Wilson cooijoralcd in siippL''''’ 
a similar list of medieal artists. 

Early in 1942 Col. J. E. Ash, Curator of the Army Medieal Museum, 
was charged u'ith the responsibility of organizing the ‘‘Museum and 
Arts Service. '^ The purpose of this newly formed unit is to provide an adequa 
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‘Ifll.iti'rrom t'l*,.’ •m'l nit?i hf-miri of tlif lunc V n tiro- 

Ihr ilniwiriK by Edwnril Staucli. /Jltdicrtl and Suniical Hii'toru of thr 

iii^fonZ) f;!r o7\,fo"'rrtoH;o^ r.Uorf„.a; 
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!iik 1 efficient illustration service for tlic jMedicnl (jorps. Tliis new organization 
is attached to the ^Inseuin for training inii'iioses and all material collected 
by such units will be ship])od to the JInseuin, where if will he available for 
study and research. 



Fitr. 4. — Photograph of a gross specimen. (Jfcdicol and Surgical History of the tVar oj the 

Rebemon.) 


In addition to the illustration activity this organization will also be re- 
sponsible for the collection of missiles and helmets that have been struck 
by gun or shell fire, of medical and surgical instruments of American, allied 
or enemy origin, especially those which have been developed or materially 
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modified during the progress of the 'war, and of any other similar apparatus that 
might prove of historical value. Pathologic .specimens are also to be included 
in the collection. 

Units will be attaehed to the larger medical installations in the various 
important theaters of operations and will be under tbe direction of the surgeon 
of each theater. It is highly probable, therefore, that a unit may be temporarily 
divided and a photographer or artist ordered to cover an individual assignment. 

Provisions have also been made for the employment of a limited number 
of Ci\-il Service personnel. These men or women will be attached to the larger 
general hospitals within the continental limits of the United States and will 
be assigned wherever their services are required. 

These imits udU be equipped with stiU and motion picture equipment, 
together vith material to produce color as well as black-and-white photographs. 
Suitable and adequate art supplies mil be furnished to the medical artists. 
All of the photographic supplies and most of the art matei-ials will be furni.shed 
bj' the Signal Corps while in the theater of operations. 

Arrangements have been made whereb 3 ’ the Signal Corps facilities will 
be available for photographic processing. Pi'oper labeling and the identification 
of all illustration material is of the utmost importance, and each man is specifi- 
cally instructed in this regard. 

The qualifications of the officers in charge of each unit will be of special 
interest, and the following is a brief, concise outline of the requirements. 

1. It is essential that the officers have a rather broad training with ex- 
perience in the field of medical illustration, particularly photography. 

2. They must be experienced in super\'ising, planning and directing the 
activities of a medical illustration department. 

3. According to The Adjutant General’s Office, applicants for a First 
bieutenant in the Sanitarv Coitis must be at least thirty years of age, have 
a college degree, and, of course, there is always tlie matter of an Army pln'sieal 
e.xamination. 

4. Last, but bj' no means least, the candidates must be officer material. 
11 that phrase is embodied a number of qualities which are quite aside from 
^ professional requirements, but are extremel.v important to the success of an 

0 leer and his entire unit of men. 

ith regard to the enlisted men, thus far we have been able to select 
iiicn who have served as assistants in various medical photogi’aphic and art 
departments throughout the country. Jlost of them were already in the armed 
son ice prior to the organization of the ^luseum and iledical Arts Service, 
be nccessaiw to effect a transfer so that their special training would 

•nailable to the Jledical Department. In other instances, thej* have been 
dll isted for duty at the Armj* iledical ^luseum. 

it is essential that each enlisted man receive the required 

‘•‘0 months basic militaiy training at an Army camp. 

same requirements hold true for the artists. The majority of tbe 
formal trainins: in medical art. A great many 
I’diil and landscape artists have applied in writing or in person. One of our 
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p:rt‘atcst problcins is tlic nialter of cxplaitiiiifr flic fad tliaf medical illustrafion 
requires a speidal fyiic (d' 1raiidu<r decidedly sejiarale ami disfinet fi'oin (lie 
usual aeadende art course. 


At jireseid tlie artists oii duty at tlie Army Medical ^Museum are under- 
going a training program e.sjieeially designed to lielp those wlio reipdre further 
instruetion in surgical drawing and inoulago. They are also jireparing ha.sic 
anatomic drawings for the surgical service of the Surgeon fJeneral s Office. 
In addition, the.se men jirepare drawings of unusual gross specimens which arc 
shipped to the iMu.soum from various Army nu'dical emiters. Tlieir cooperation 
is also .solicited in the jireparation of scientinc exhiliits. 

The pliotographers receive training and actual experience with the ap- 
paratus and materials whicli will he employed in an overseas assignment. The 
jihotography of jiatients, gi-oss specimens, and surgical ojierations will account 
for the greater jiortion of their work. There will also he a limited amount of 
])hotoniicrography. 

Although the iirofessional relationship helween the medical artist and 


clinical photograidicr has shown a decided cliange for tlie hotter in recent yearn, 
nevertheless there is still much room for inqirovement. The majority of en- 
listed personnel attached to the Itru.scum and .Medical Arts .Service arc younger 
men. It is necessary that they drill together, work together, often live in the 
same barracks, and enjoy the same recreational facilities. As a result, it is oidy 
logical to assume that in the future men in this jirofe.ssion will enjoy a better 
understanding and aiipreciation. and a keener respect for each other's .specialty. 


Inasmuch as both officers and enlisted men will eventually he a.s.signcd to 
military hospitals or field units, a military training jirogram is essential. Tins 
program consists of lectures, training films, and drill formation. 


The Training Division of the Surgeon (I'eneral’s Office is working on a 
plan whereby realistic full-size wax models of various war injuries will he 
used to demonstrate tlie actual appearance of war wounds to the enlisted men 
of the Medical Corjis. In addition, duplicate casts will he ]u-ei)arcd of latex 
or a suitable .substitute. Tliese thin, sleeve-like ajiiilianccs, molded and colored 
to simulate actual war injuries, can he affixed to the arm, leg, or other parts 
of the body. Worn Ij.v men on maneuvers they will convey a realistic sight of 
what may he encountered on the .scene of action. Drc.ssings, splint.s, and 
tourniquets may he ap[)lied and later cheeked by the IMcdical Department 


instructors. 

Prom the foregoing it can he concluded that the Medical Corps is fulb 
aware of the importance of medical illustration, especially in time of war. 
Careful preparation and planning have been accomi>lished, and we are non 
ready with suitable equipment and trained personnel to meet the illustration 
needs of the Medical Corps. Obviously this entire program places in the hands 
of the Medical Department the same powerful documentary and educational 
implement of visual description which is rapidly revolutionizing the entire 
teaching profession. 
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^VAR AND DISEASE 


Ralph H. Major, M.D., Kansas City, Kan. 


IjlSEASE profoundly influences the course of men’s lives. ^lan, from the 
day of his birth to the day of his death, is in constant battle against 
disease, either tvarding it off or trjdng to conquer it. Disease has determined 
the migration of races, their colonial expansion, their geographical distribu- 
flon. It has conquered armies, overthrown empires, and changed the course 
of history. 

In times of peace, as well as war, great epidemics have left their marh 
upon the history of nations. The fall of the A’enetian Republic was caused as 
'I'uch by the constant incursion of bubonic plague as by the armed attacks of 
er warlike neighbors. The Black Death in England produced as great a revo- 
ntion in the social and economic life of Britain as all the wars that hardy 
'sland waged. The terrific toll the plague took among priests and liigher 
oeelesiastics necessitated the filling of these depleted ranks by ill-trained and 
0 ten ignorant peasants. Many historians have considered that these clerics, 
possessed of little respect for the prerogatives of the clergy and more concern 
O' the lot of the common people, were among the most powerful influences 
fading to the English Reformation. 

D'-ainatie as are the changes produced by disease durin'r times of peace, 
dis disease in times of war are even more eataclysmal. AVars .spread 

'scn.se, and disease, in turn, destroys warriors. Ilpidemics in past wa,-s hiivo 
} loo often destroyed armies and left nothing behind but a melaiicholv 
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iiecoiuU of tlicir 2 )rog:ro.s.s. In some Avars, epidemics, nllliongli tlie 3 ' have dc- 
stro.A'ed llioiisands, liaA'c left some clue that enables later general ions to con- 
quer or to i^rcA'cnt them. In other Avars avc liaA'e the melancholj’ picture of the 
deaths to thousands which could liaA'c been prcA'cnted bj’ the intelligent ap- 
plication of measures already’ known to medical science. This picture, un- 
loi tiinatelA", aj)i)ears Avith distressing frecpiencj' as avc turn the pages of med- 
ical histoi’A'. 

Ihe great plague of Athens Avas one of the most dramatic epi.sodes in the 
historj' of ciA'ilization. hether this Avas a bubonic ]daguc, as Francis Adams 
of Lanchorj’, Avho Avas not onh- an eminent plij-sician but an outstanding Greek 
scholar, asserted, or Avhethcr it Avas tA'phus fcA'cr or scai'let fe\'er as others 
maintain, is beside the point. The Athens of Pericles presented a level of cul- 
ture and intelligcjiec ne\-er before or .since equalled. AVithin the Avails of this 
cit.A of some tAvo hundred Ihou.sand, liA'cd and worked the dramatists AescliA'lus, 
Sophocles, Euripide.s, and Aristnjdianes; the philosophers Plato, Xenophon, and 
Anaxagoras; the sculptors Phidias, Praxitele.s, aiid Polygnotu.s, and the his- 
torian IhucA'didcs. AA^’licn the Spartan king Arehidamus attacked Athcirs, 
Pericles followed Avhat is called todaj* a "scorched earth” policy. He Avith- 
dicA\ all his soldier's and jreoplc fi'om the ontlA’ing eounti'A' and the\’ swanned 
into the Availed citj' of Athens for pi'otcction. The housing conditions Avero 
inadequate, and the food supph- was insufficient ; the irroper disposal of refuse 
became imirossiblc, and the Avatcr supplj* became contanrinated. Then, like a 
tlnrndcrbolt, the plague apjreai'cd Avith all its horrors Avhich liaA'e been so 
gi airhicallj' described bj" Thucj'didc.s, an ej'c Avitness of the harroAving scenes. 

The Spartan king prudcntl.A' AvithdreAv and attacked elsewhere. lie feared 
the ciridemic might sirread into his oavu arnn', and he also Aviscly reckoned 
that the plague Avould destroy' more Athenians than could the Spartans. Ac- 
cording to some arrthor'ities, the first AvaA’c of the e])idemic dcstro.A'cd one-third 
of the inhabitants of Athens; accordirrg to others, tAvo-thirds. After the first 
AvaA'e had sirbsided somewhat, Pericles sent arr expeditioir to captrrre Potidaea 
arrd harass the Spartans fr'oni the rear. This expeditiorr, if srrccessfrrl, Avorrld 
IraA^e charrged the errtire corrrse of the Avat'. Urrfortrrrratelj', the men carried 
the seeds of the pestilerree AA'ith them and, before the ships reached Potidaea, 
the disease raged arrrong the soldiers arrd sailors, and the fleet Avas conrjrelled 
to return to Atlrerrs. Pericles then irlarrned another brilliant stroke. He sailed 
AA'itlr his troops to Eiridarrrrrs, hojrirrg to captrrr'e that citj' arrd agairr strike the 
Spartarrs from the rear. This expeditiorr Avas also a dismal failure because, 
according to Plirtarch, "the distemper AA'hiclr preA'ailed irr his armj* broke all 
Iris measures, for it rrot orrlj’" carried off his OAA’rr merr, but all that had irrter- 
course AAutlr tlrem.” 

Athens sloAAdy Avent to her doom. AAGren the plague struck doAA'u Pericles 
hinrself, no leader of eqrral ability arose to take his place. Finally, the Spartarr 
admiral, Lj’^sander, sailed into the harbor of Piraeus; the Spartarrs tore doAAm 
the long Avails of Athens to the merry tune of Spartan flutes, and jmung Spartan 
Avomen danced gaily to the music Avhile the Atherrians filled the air Avith AA'ails 
and lamentations. The Athenian Empire Avas humbled to the dust, never to 
rise again. The plagire of Atherrs had played a catastrophic part in her defeat, 
and had left no clue to prevent similar catastrophes. 
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Unfortunately, the historians of the Peloponnesian War — the war between 
Athens and Sparta — ^were not medical men. If Hippocrates, as well as Thucy- 
dides, had described the plague of Athens, there would probably be no uncer- 
tainty concerning the nature of this epidemic. Fortunately, some of the epi- 
demics accompanying later wars were described by surgeons in varies armies 
mth siieh accuracy and fidelity that the diagnosis is certain. 

Few wars in histoiy have lasted so long or have been more de.stnictive of 
life and property than the Thirtj' Years’ War. This war, which began as a 
straggle between Protestants and Catholics, became a war in which the Protes- 
tants of Germany and Sweden were allied with Richelieu, the great Catholic 
prelate, in the struggle against Catholic Austria. This war was a "total war" 
in the modem sense. Far more ennlians — men, women, and children — were 
destroyed than soldiers. Germany, according to some authorities, lost one-half 
of her entire population; according to others, two-thirds. A century and a half 
passed before the population of Germany reached its pre-war level. 

The Thirty Years’ War is commonly dimded by historians into the Bohe- 
mian period, the Palatine peinod, the Danish period, the Swedish period, and 
the French period. The medical historian, Prinzing, divides it into the tjT)hus 
period and the plague period. 

The disease which carried off so many victims in the early part of this war 
was the notorious Hungarian disease, a disease accurately described by Tobias 
Coher, who served as surgeon in the aimiy of Rudolf IT, King of Hungary, in 
the wars against the Turks. He notes that the disease raged especially in 
camps heavily infested with lice, and his description leaves no doubt that it 
Was tj-phus fever. 

Measures were taken by certain cities to prevent the twin pe-stilences, 
tJThus and plague, from entering. In lilunich, for instance, the city fathers 
shut the city’s gates against all strangers, disinfected all incoming letters, and 
hashed with vinegar all the money that came in. These measures stayed the 
hand of the plague for a time but presently, infected Spanish soldiers forced 
their way into the city and spread the disease among the inhabitants. More 
than one-half the population died from the plague in a few months. 

^lany great generals, Tilly, Wallenstein, and Gustavus Adolphus, perished 
m the course of the war. When we balance the results of this war in the terms 
great victories, territory gained, and prcstine enhanced, as against the losses 
rough pestilence, we mav safely conclude that the real vietoi-s were tvphus 
end plague. 

Yapoleon, the greatest military "enius of the nineteenth century, was 
^ '-^'^^^eted before Waterloo; he was defeated by his ill-starred campaign 
nussia. The Grand A rmy. to quote Larrey. Napoleon’s great surgeon, set 
out or Russia 400,000 strong. Six months later this ai-my, retreating from 
nssia, finally reached Gumbinnen in East Prussia, numbering only 3.000. 
of disastrous adventure of Napoleon has been described in every history 
bloody battles, the intense cold, the ferocity of the Russian 
ossncis, have all been stressed as the cause of Napoleon’s defeat. The role 

important. Typhus fever seems to have 
■ the major role, ably assisted by typhoid and dysentery. 



664 


TIIK .TOUnXAI, 01’ I.AIIOKATOHY AND CIANlOAl- MICDICINK 


The aecoiuits left by (lie .siirj'eoiis in Xnpoleon'.s aniiy ix'ivo us a clear pic- 
ture of the devjislalioii caused by disease. Ofie of Die iiiosf drairiafie was 
irriDen by Kerldiofis. a Dutch surfreon aflaehed to llie Third Army Corps of 
^farsliall X'ey. This Corps. Kerklioffs relafe.s. was finally reduced to twenfy 
men. as the result of privation and disease. In «liscn.ssin<r the failure of the 
campaign, Kerkoffs remarked that if Najioleon had contented himself with 
ocenpyiii'f' Poland aiul orfraniziinr sanitation there, the campaipn would have 
succeeded and chantred the whole cour.se of liistory. 

But Xapolcon ivas in a hurry. In spile of bloody battles and ever-inercas- 
iiifj number of sick, lie pressed on to Mo.scow, eairyinj,’’ wnison loads of infected 
.soldiers into tliat city, leaving the desperately .sick in towns and villages where 
they infected the new troops pressiinr on eastward. 

Serpeant Bour'ro'rne of the Grand Army wrote an interesting account of 
the march into Russia, lie was imrlie.ularly impre.ssed by the larpe number of 
vermin he .saw. He went to sleep on a rced mat in a little town of Poland. 
Presently he awoke from Ids sluiuher and timline: himself covered with licc, 
stripped off his shirt and trousers and threw tliem info the tire. There 'core 
so many of these animals on his <rarmcnt.s that they “exploded like the fire of 
two ranks of infantry.” 

The role of lice in the production of typhus f(-ver was not di.seovered until 
a century later. However. Napoleon’s .surfreons write .so mneh about lice that 
'VC "'ondor if tlicy did not suspect fliem. They 'vero a"’are, lio'vcvcr, tlmt 
typhus "-as iiifthly coiitairious. One surgeon ohs(>rvod llial Yorks Jb’U.s.sian.s, "'ko 
iiad not been in 3fo.seo'v at all, bad no ea.scs of typhus fever until they followed 
the rctreatinpr French. Another army corps liad no typhus until it passed along 
a road previously used liy tlie Fi-cneh. After a mareh of fourteen miles on this 
road, there "-ere fifteen to twenty men in eaeii company ill from this disease. 

Napoleon's disaster in Russia "'as not the first lime ho had been defeated 
by di.sea.se. His previous campaifrn in Syria bad ended in retreat before an 
advanein«- epidemic of bubonic plafrne. History records that Napoleon mingled 
freely among the plague-infested soldiers at Jaffa to .show his contempt for 
the disease and that his .surgeon, Dc.sgencltos. inoculated himself "'ith pus from 
the buboe of a sick soldier, to prove that the disease was not contagious. De.s- 
geneltcs I’cmaiued perfectly well, probably because, as we now kno"', the pus 
from plague boils often contains very few plague bacilli. 

The ravages of typhus, typhoid, and dyseulei-y did not cease "'ith the end 
of X’apoleon’s Ru.ssian campaign. The retreating army scattered pestilence far 
and wide. Typhus fever broke out in East Pi'U.ssia and caused the death of 

20.000 inliahitaiits. From Ea.st Prussia it spread rapidly to other parts of 
Gcrinaii}', to Silesia, .Sa.xony, Bavaria, and tlic Rhineland. Prinzing e.stimatcs 
that 10 per cent of the population of Germany contracted typhus fever, and 

200.000 to 300,000 died. From Germany it spread to France, "'here it also 
caused an appalling toll. Tn Metz all the physiciaii.s co7itraeted the disease 
and many of them died. In the Department of IMosoHo alone, more than 10,000 
died from typhus, this figure not including soldicr.s. 

Typhoid fc'^er, long confused "'ith typhus, has caused a greater number 
of deaths than typhus in the ai'inies of nations whose hygienic standards do 
not tolerate the presence of lice. 
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Ie the Aiitevicau Civil AVai-, 186,000 tvoops of the Lnion Army died of 
disease as compared with 44,000 killed in battle and 49,000 who died of woimds. 
Typhoid fever caused the death of 36,000 soldiers. 

The health record of the American Army during the Spauish-Ameriean 
War gives us no cause for pride. During this minor struggle sixty-seven 
ofBcers and 1,872 men died of disease, and twenty-nine officers and 440 privates 
were killed in action. The death rate in the army camps became so high as to 
constitute a national scandal. A eommi.ssion headed by W alter Eeed. ivas 
appointed to study sanitation in the arnw camps. They found that “more 
than ninety per cent of the volunteer regiments developed typhoid fever within 
eight weeks after they came into camp.” 

The report of this commission remains a monumental eonti’ibution to our 
knowledge of typhoid fever. They found that the most important carriers of 
the infection were flies, which feasted on the de.ieeta of patients and then 
crawled over the food in the mess halls. Ignorant, untrained hospital orderlies 
also spread the disease. Without even washing their hands, many of these 
orderlies left the hospital wards and walked into the mess hall where they pre- 
pared food for the soldiers. 

The typhoid bacillus was discovered eighteen yeai-s before the Spanish- 
Ameriean War, the Widal reaction had been in use for three yeai’s. the mode 
of infection and methods of prevention had long been knowm. Yet in an army 
of 107,973 men, there were 20,738 cases of typhoid fever. 

The Boer War was an even greater blot on the pages of the history of 
sanitation. The British had apparently profited little by the American ex- 
perience. In this Avar, the British Army lo.st 22,000 men. of whom 8,000 had 
been killed in battle or died of woimds, while 14,000 died of prei'cntable dis- 
eases. There ivere 57,684 cases of typhoid fever with 8,022 deaths. The ty- 
phoid bacillus had killed more men than the Boers. 

The high typhoid fever rate in the British Army during the Boer War. 
scein.s inexcusable in the light of present knowledge. Three years before the 
oer liar, Wright bad demonstrated the protective value of antitA*phoid vac- 
cines, and two years later had inoculated four thousand men of the Briti.sh 
nclian^ Army, with excellent results. The British Army in South Africa 
authorized — permitted is perhaps a better word — voluntary I'aceination. The 
aecination was carried out in a rather haphazard fashion, records were poorly 
'cpt and often lo.st. The army authorities finally forbade the inoculations 
•ihogcther. 

Tuo years after the clo.se of the Boer War a Boyal Commission appointed 
u sfucly file value of antitj-phoid vaccination issued a favoralile report whieli 
f ’'I ubtated the procedure of antitj'phokl inoculation. It came too late to aid 

C'Phoid victims of the Boer War. but it carried a poignant messairo to the 
'"•"ucs ill future wars. 

riirn of the century there eamc a turn in llio hoalfh record of 
I^nriiiK their war with Cliina in 1894 and ]S!)5. Die 
times as many soldiers from disease as from bullets. In- 
111^1 * record of armies for decades. These figures appalled 

'' • apnneso govcrnmonl, which reorganized its military medical .service and 
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sent thousands of young Japanese all over the vorld to study the latest ad- 
vanees in sanitation. Japan, to quote Jrajor Seaiuan, writing in 1005, “even 
had the temerity (.strange as it may .seem to an English or American Army 
official) to grade her medical men as high as officers of the line, who combat 
the enemy that kills only 20 per cent.” 

The report of the Japanese Army at the (Uid of the Kns.so-Japanc.se ^Var 
showed the wisdom of their policy. Seven ])er cent died in battle; 1,5 per 
cent died of disease. 

Ihe first World 'A ar jirovcd that the l.hiited States Army had profited by 
its own mistakes in the Sj)ani.sh-Ameriean War and hy the mistakes of the 
British in the Boer "Wai-. 'I’hc lessons of the Kn.sso-Jai)ane.se War had also 
been .studied and learned. 

Typhoid fever, the great scourge of past war.s, claimed only 21o victims 
in the American Army of 4,000,000. If the tyj)hoid death rate of the Spam’.sb- 
Ameriean ar had ju'cvailed, more than (58,000 soldiers would have lost tbeir 
li^ cs from this disease. Surgeon General Ireland of the United Stales rightly 
attributed this decline to vaccination and improved sanitation, including care- 
ful examination of cook's and food handlcr.s. 

retanus caused only four deaths in the American Army, less than two out 
of e^elJ hundred thousand wounded. This figure is especially noteworlby, 
since the British in the early years of the war had 02 cases in every thousand 
wounded. Prophylactic injections of tetanus antitoxin in all the wounded 
explained the astonishing American figures. 

'Ijphus fever did not cause a single death in the American Army. The 
figures from Russia were quite different and, indeed, appalling. During the 
uai and the .succeeding revolution, sanitation broke down completely in Russia. 
Ihcic were more than twenty million casc.s of typhus in Russia, with three 
million deaths. 

The medical experiences of the World War demonstrated the great ad- 
^ ances made in the prevention, control, and cure of cert.aiu infectious diseases. 
T.WO great groups of diseases remained, however, untamed. "The sputum- 
borne infections, observed Colonel Garrison, *‘])articulnrly the pneumonias, 
remained the insoluble problem of the war.” To this must be added strepto- 
eoccic infections, which caused 70 ])er cent of the fatal infections in the British 
Army. The discovery of the therapeutic effeet of the sulfonamides in 1933 bids 
fair to mark the beginning of the solution of what Garrison called the insoluble 
problem of the World War. 

While we think of disease and Avar, avc are prone to thiidv only of infec- 
tious diseases and gloss OA'er or neglect the role that disease due to faulty or 
insufficient nutrition plays. Pi'oininent among these diseases is seurA'y. 

Scui’A'y appeared in the armies of the First Crusade. Jacques de Yitr.A', 
one of the crusaders, Avrote an excellent account of this disease as it appeared 
at the siege of Damietta in 1219, and notes that it Avas a ‘‘pestilence, against 
Avhich the doctors could not find any remed.A' in their art.” Later in the 
Seventh Crusade of 1248, the army of Louis IX of France Avas attacked by this 
disease, and no one, reading the account of Sieur de Joiimlle, can doubt that 
scurvy Avas largely responsible for the disaster that befell Louis’ army. 
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la 1535 Jacques Cartier’s expedition to Canada suffered greatly from 
scuiA’y and probably would have perished to the man, except for the aid of the 
Indians, who told him that a decoction of the bark and leaves of the fir tree 
irould cure the disease. Cartier's physicians had been powerless in the ex- 
tremity, so we can understand his oft-quoted remark that the decoction of fir 
“imught so well, that if all the plijAsieians of Montpellier and Louvain had 
been there with all the drugs of iUexaudria, thej' would not have done so much in 
one year as that tree did in six days.” 

The work of James Lind, who found that lime juice added to sailors’ 
rations would prevent scurvy, is one of the great discoveries in medicine, Tet, 
incredible as it seems today, Lind waited forty-two years before he saw his 
measure put into effect by the British admiralty. The French seemed even 
more blind than the British to the importance of Lind's discovery. Larrey 
relates that Napoleon’s army in Egypt was decimated by scurvy in 1799, inei- 
dentallj' forty-six years after Lind’s discovery. The addition of lime juice 
to the rations of the French soldiers in Egypt might have proved a decisive 
factor in the campaign. 

•Since the demonstration that eiti'us fruits, added to rations, prevents 
scurvy, this disease has lost its military importance. In the recent Italo- 
Ethiopian War, there was not a single ease of scur\y in the Italian Army, al- 
though the Ethiopian Red Cross reported over thirty thousand cases of scurvy 
on the Somaliland front alone. 


The medical history of the present war remains to be written. Much can 
happen in the domain of diseases as well as in the field of strategy. Thus far, 
the glimpses we have had are encouraging. 


The plaster of Paris method of treating ivounds, as advocated by Orr and 
p'eu a Avide application in the Spanish Cml War, has had a marked effect in 
owering the death rate from compound fractures. The sulfonamide drugs 
lave been employed with gratifying effects in streptococcus infections, in 
pneumonia, and in meningitis. .Sulfathiazole has proved a great value in curing 
as iteJi ag preventing gonorrhea, a disease which in the last war kept several 
nlsions constantly hospitalized. 


Typhus fever in the present war has not been a serious menace. An epi- 
niic of tjyhus has not appeared in Serbia as in the last war, probably because 
sanitation has improved there and the Germans are remembering the lessons 
® le previous epidemics. The same also holds for the occupied portions of 
issia. The great epidemic in Russia during the last war appeared principally 
< iiiitig the chaos of revolution. 


}j if is apparent today that methods of destroying life are more effee- 

’le than ever before in history, it is comforting to the physician to knou' that 
0 lod.s of saving life are more numerous and more effective. 
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Books Dealing With War Medicine 


War Medicine'" 

A Symposium 

TT ]S iipproiirijito in (lie' piesL'iil ("iiiorfjoticy to rciiiihli.Mli collcctcil imiiors on n fitiltjccl of 
.such IreiiuMiflou.s iiiiiiu’diate iiuporfniKM* iis war intMlicirH', jutju'rs U'hlch Iiavc been .‘scat- 
tered in n dozen or nuiro joiiriinls, some in Ihi.s country, some in t'anndu; and inaiiy in 
Knglund. 3^Io.st of tlie aiillior.s ulio Imve written on .su)»jec*ts dealing with war medicine are 
now jictivcly en},'ii(;o(l in llio wnr. It Mould lie folly to nsk tlioni to contrilniti* relnishcs of 
M'hnt they luive nlrondy Miitlen, merely for the .“nice of enllint; it n neu' nnd ori(;innI coin 
tribution. Such a juoccdure Mould not eontrihute to the i>roseention of the M’nr, The re- 
publiciition of otitstandinj,' contributions bus been ndoj)ted M'ith some of the articles appei't' 
inf; in the tMO War Medicine Xumbers of Tut; doi-i’.x.\i. or Lahouatoiiy and Ci.INICAI. MkiuciNE 
in order to supplement and round out the symposium of oriftinnl contributions. 

The volume under revioM-, “War Medicine, A Sym])osium,’’ edited by Cormnaadcr 
Pup'll and Doctors Podolsky and Uunos, is especially eflective in presentinf; the most recent 
advtinces in M-ar surp'ory. 'I’his fills appro.ximately tM-o-thirds of th(> volume. There are two 
other sections, “Aviation and N'aval Medicine’’ and “Cieiieral Medicine.’’ The collected 
M’l'itings round out the entire field, but the vidume is recommended especially for those 
dealing M-ith M'ar surgery. 


A Short History of Nautical Medicine f 

■D BAD EPS of Cajitain Poddis' .1 Short llixtor;/ of Kotitirol Medicine M'ill not be liinifcd 
to naval physicians. This tlioroughly interesting volume Mill appeal to army physici.ms 
as M’cll as to naval medical men, to iionmedieitl naval men and seafarers in general, to his- 
torians nnd to nutritionists. .Starting M-ith the spar,«e records of inaritime niedical service 
used by the ancients, it traces the contributions in this field doMii to modern limes. Captain 
Poddis lists some of the most important as (1) the conquest of scurvy (a fascinating story); 
(2) the distillation of drinking water; (3) the introduction of smallpox vaccination among 
sailors; (4) improved personal hygiene; (d) the institution of quarantine (nnd m-c learn here 
that the M-ord is derived from the forty days of detention): ((>) iiiiprovenients in ventilation 
on shipboard; (7) the institution of preliminary physical cxaiiiiiiutions ; (S) iinprovcmenfs m 
medical service on shipboard; (9) the development of naval hospitals nnd hospital ships, etc. 
The author develops the history of nautical medicine during the last fen- hundred years, e.s 
pccially through the story of the Briti.sli Navy and the United .States Navy. The book abounds 
in interesting anecdotes, espeeially in these tM'o groups. 


Pmlniskv MD. ■ Technical Editor Daeobert D. Rune.s, rii.D. Clotli, 565 paees, x. 

Hubner & Company, Inc., New York. 1.012. 

+A Sliort History of Nautical Medicine. By Louis H. Roddis, M.D., C^ptatii. Me i 
Corps United smtes Navy. Cloth. 12 illustmtions. .Tati panes. .$:i.no. Pad B. Hoeber. Inc. 
Medical Book Departmont of Harper and Brother.^, Ncm- York and London. 1941. 
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Medical Manual of Chemical Warfare- 

'T'HE Medical Manual of Chemical ICarfare is a reprinting of an official British manual. 
^ It contains a general description, of war gases and detailed discussion of the different 
types, such as blister, gases, choking gases, paralyzing gases and harassing gases. The list 
is quite complete. The volume describes methods of protection, recognition, and first-aid 
treatment. IVitli deep regret we are forced to say that this volume will probably be very 
useful in the next years. The approach is clinical and practical. 


What the Citizen Should Know About Wartime Medicinej 

"T'HE most recent of a series of twelve volumes to date of The Citizen Series is TThat the 
^ Citizen Should Know Ahout TTartime Medicine. The books include subjects, such as what 
the citizen should know about the Army, the JCavy, the Coast Guard, the ilarines. Air 
Forces, Civilian Defense, submarine warfare, etc. Colonel Damall and his associate author, 
^ • I. Cooper, have given us an adequate presentation of the many functions of the medical 
services in the armed forces. This includes the organization of the medical department, 
aviation medicine, military* psychiatry, sanitation, hygiene, the prevention and control of 
infectious diseases, the venereal disease problem, and war surgery. So much must be said 
in these fields that there is no space for history of the development of medical problems in 
past wars. 

The book is written primarily for the layman. The diversified activities of the med- 
ical departments sometimes make it difficult for an officer in the medical service assigned 
to a highly specialized task to realize how many other problems are being prosecuted in his 
own department of the .A.rmy or Navy. For this reason, the volume will make interesting 
reading for men in the medical services. 


Dermatologic Therapy in General Practice? 


Manual of Dermatology 

ywo books on dermatology, written in part for the services, should be reviewed together, 
not so much because Dr. Sulzberger is coauthor of both books but because in actual 
practice the volumes will be found to he supplementary to each other. 

The Manual of Dermatology has been issued under the auspices of the Committee on 
iledicine of the Division of Medical Seienes of the National Research Council and written 
Donald M. Pillsbury, Marion B. Sulzberger, and Clarence S. Livingood. Prefatory notes 
>} the Surgeon Generals of the Army and Navy explain the need for such a volume for use 
m the armed services. Nearly 10 per cent of all admissions to sick list and 10 per cent of 
ffil days lost on account of sickness are due to dermatologic maladies. This volume is in 
essence a vade mecum for physicians who arc called upon to treat skin diseases. Most of 
^ information and directions are talmlated and are very brief. The illustrations are so 
numerous and so excellent as to make it almost a dermatologic atlas. Important directions 
und cautionary remarks are emphasized by being boxed in. 

other volume Dermatologic Therapy in General Practice by Lieutenant Commander 
arion B. Sulzberger and Dr. Jack M'olf is somewhat larger but is still of conveniently 
• uiall si ze and presents adequately minute details of the methods of applying treatment 


His of Chemical Warfare. Reprinted by pemiis.<=ion of the Controller of 

o iiaje.sty’s stationers- omce, revi.^e,! edition. ini2. Cloth. 121 pares. $2..Vt. Chemical 
•junr Company, Inc., Brooklyn, N. Y. 

L'f-iit Sliould Know About Wartime iledicinc. By Josepli R. Damall. Sr.D., 

nac,.,' Army; and V. I. Cooper. Hlustrations by .\ndrC- Fandot. Clotli. ejr 

w - H. Norton & Company. Inc.. New York. 19F’. 

Comdr ffjmrapy in General Practice. By Marion B. Fulzberrer. JI.D.. Lieut. 

■■>nd C.aner.'r t -'..i.' . As.si.stant Clinical Professor of Dermatolor>- and Svphiloloca-. Skin 

Fniversm- ^’utk Post-Graduate Medical School and Hospital of Columbia 

■tuck Wolf M f> ‘ " lopist. Montenore Hospital. New York Citv ; .an.l 

>'‘ew York Pol? ’A ' ‘ •''?*’ Sypbilolocist. Skin and C.aneer fnit of th- 

iLtir and Hospital of Columbia I'niversitv - Dir<-ctor of 

istitutc. Cloth, CZ2 pages. Tlie Year Book Publislier.s, 


llu- Issue<l v 

M' dical Sciences of the Na 
und. rJ o? ■'^hizbercer. M.D.. Clarence 
uni. rs Oninpany. Pliilndelphia * I^indon. 


e- n?vWon'of^aP'o"''7‘e‘’,F>'- I-smed under the .\u.spices of tlie Committe 

•B.. Marl?n -n .*■'••=‘•^’■' 1 ’’. r^hncil. By Donald M. Pillsbutv. 
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^Y)li!e Ijic iniiiorl-iiiro of V' >■' from l)in( of rrrowt (cxlliixihs an nitin disMnej. 

in the second vortion of recognized ntul diiigiiostic discti.-.iirm appears 

appropriate (rcat.ueut based i^u fu V/-'‘ 

e.vper^neo to n.abe tbo oo'rrect'dia;:::" l.lTf ^ 'i ZIZJi:' 
fiese (no voiumos w,I! be of grentest vnlm< when used together. 


Fundamentals of Psychiatry- 

f ”7 are drafted into the armed force.., Jarge n«nd,er.H of neurotics, 

;; 

iife ei'on n-ithoiif (tie r-nmc i Ti' ^ . » or iXfanne.s. 1 lie treniendoii.s strc.‘.s of .service 

niinin,- i. » v..rr,e,., i; ^ nti rS, ' r^r;', ir”?''"-' “'• 

Psiichiatn,, is, as its name implies a svnon.d- f' i r •" 

psvcbiatric examination and ^treatment in'«-l“V I'"' ""-'H-od-s of 

psychiatric problems of wartime. ’ ^ disen.'=.om) of 


war Gases f 

Mentification and Decontamination 

Tcomprehcnsi^m°''kc^sfio^* reviewed el.-ewhero, presents a 

volume by Jrorri.s B, Jacob..- formerlv r;. «f "'•••r gnsc.s. The present 

Reserves and Chemi.st in the’ 3X>p-irtmcrZr7Z,r r ''«rf«ro Service 

similar discussion wiiich the reviewer fools is bin ' Z 

tlic classification of the chemical speats n l -.i volume deals first with 

logical responses to war gnsos nnd «evt' ivitVrt" V elmracteri.stics and physio- 

such as food and water. TImre is a selr "" 

determination of their nature The r 7" ^^‘’“pbiig of gases and methods for nmilyfic 

Before ti.e war i IZ tZZ' "f decontamination. 

IS mcr, tins volume wdl probably be widely used as a quiek reference manual. 

Civilian Health in Wartinie.t 

D r. BIEUAIDE 'S volume, Civilian Ilcalth ix re / ■ ■ • 

on preventive medicine applied to the in, vZ Z 7 ’Z 
readable in peacetime. Written primariJv Zl nZl " 

excellent refresher or orientation manual for 7 ' "" 
worker. The author discusses tLXef of 

attention to nutrition and diet Ho next , 7 " ' considerable 

The importance of proper clothimr ' ” dwease.s ami methods of control, 

child welfare, as well as geZtric problems^ >>ousi«g conditions js discussed. Maternal and 

should be of real interest to the infeljigont )ai-rLr,rot? 
potion, morale, and a chapter about doctors ZZZl 7 ' 

be expected to accomplish. ' ' 'work and what they can 

•Fundamentals oC Psychlatrj-. Bv ■ 

slty ot Pennsylvania ; PsycliIntrJst to ’ ' ' M.D., Sc.D., F.A.C.P.. Professor 

Psychopathic Div.'-i.-'r.. P!-.:!,'..!.-;!'!,;.. ri..-.p, ' Wospltni ; Attendimr Psychiatrist. 

J. B. Lippincott <V.i';; :i!:-.'. ! ■.iii;i 1 - ■■’ , .. ,15 Illustrations, 201 pag-es, ^3.00. 

Qf Psychiatry ami (.; |i..' 'i.'niirimonf ir„i .1042. 

, tWar Gases. Their IdcntMcatlon anrBeconmminaHor "i^ 

Semico Reserve. Cloth. 180 pages, $3.00. 'lnto-rscienco"Fii&jihors!- Jna.®iVow“! JuSe Te! 

tClvltlan Health in XVartime. By Francis B nio.mi.i™ irri , , , t, » r 

Medicine Harvard Atcdicai Sciiool. Massaclmsetts GenmS Ho^itaP" Cmfh°^ 3 "S 50 

Harvard University Press, CambndBc, JIass., 1II42. “ riospitai. ciotn, 3„s pages, ?...S)U. 
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CLINICAL AND EXPERIMENTAL 


LESIONS IN THE TISSUES OF THE BODY FOLLOWING 
SEXFONAillDE THERAPY^ 


Herbert J. ScH.A,TTEXBERG,t M.S., M.D., FA.C.P., .ocd Wiuxvii H. Habrls, Jk., 

B.A., IM.D., New Orle.a.ns, L.a.. 


OT since tlie introduction of arsphenamine and neoarsphenamine many years 
ago, has a therapeutic agent received such a welcome and cordial recep- 
tion as when the sulfonamides were introduced to the profession. Originally 
introduced to combat serious and grave infections caused by the streptococci, 
especiaUy Streptococcus licmolyticus, the value of these drags was soon estab- 
is led in pneumonia, meningitis, various bacteriemias, genitourinary’' tract infec- 
lons, bacillary- dysentery- and any number of other disease entities. There is 
J a single specialty in the medical profas.sion which does not make use of 
one or more of the sulfonamide drugs. L'nfortunately, the laity has become too 
^'0 acquainted with these draigs, looking upon them as a cure for any and all 
nrents, and are therefore using them haphazardly and indiscriminately. !lluch 
larm las resulted in many instances from such usage. 

(n historical intere.st, one of the sulfonamides, sulfanilamide 

known for many yeai-s. Gelmo,’ 
in \qiq ehemi.stiy- of azo dyes, made it srathcticalh- in 1908. Eisenberg,= 

Amo cr nttention to the bactericidal properties of certain azo dyes. 

In inv* ini-ious azo dyes tested were pyridium. chrysoidine, and scarlet red. 
II demists working under Domagk'’' ^ produced prontosil I and prontosil 

is hr possesses poor bactericidal properties, but when its molecule 

Irofoi l': Iiroduct, sulfanilamide, is set free, 

npon Wn HourneauMn France confirmed the contention that the azo dve 
______ 1? noken down in the body liberates .sulfanilamide. Interest in these 


^■nrity Pnthnloorj-. T<..„ 
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new drugs first develoiied in Anicricji in IDfifi. The work in tliis country Iiy 
Jlellon,' and J^ong and IJliss'' is well known. 

Xotliing i.s definitely known about tlie llierapeulie action of the .siiIfonaini(Ic.s. 
Tlieorctieally, it may he assuiiied that the drug acts hy; .1. A neutralization of 
bacterial toxins. ‘2. It stimulates the cellular and humoral defcn.sivc mecliaiiisiii 
of tlie host against the infectious bacteria, tl. It act.s as a germicide and dcstroy.s 
the invading and circulating bacteria. Tin's is unlikely since it has been .shown 
by Selbie'’ that simultaneous administration of ]iara-amino-benzoie acid ami 
sulfanilamide in experimental animals docs jiol jin.-vent a fatal outcome, the ac- 
tion of the latter being antagonized by the formei-. One molecule of para-ainino- 
benzoie acid inhibits the action of I’fi.OOO molecuh's of sulfanilamide. .Taneway"’ 
has .shown that the addition of small amounts of i>ara-amino-benzoic acid to blood 
cultures inhibits the action of sulfanilamide and thereby j)ermil.s the bacteria 
])resent to grow and jlourish. This would seem then that .sulfanilamide acl.s 
merely as a bacteriostatic agent, giving olhei- defensive forces of the body an 
opportunity of assisting them in ridding the body of infection. 

iMany articles have ai>j)eared in the meclical literature extolling the virtues 
of the various members of the sulfonamide group of drugs in the treatment of 
dilTerenl infectious diseases. Practically every medical program ofl'ers one or 
more scientific iiapers describing new u.scs or <liscussing clinical results obtained 
with Ihc.so drugs. As .so often hapjicns with new therapeutic agents which appear 
to accomplish unusually favorable results, no thought is given at fir.st to the 
fact that in some instances they may also do eonsiderahic harm. This has also 
been true of the arsphenaminc.s, cinehojdien. atabrin, and many other drugs 
when they were first introduced. It is true tliat all new drugs are at fu'st thor- 
oughly controlled for toxicity and other jiropertic.s. These tests arc carried 
out, in the majoj'ity of instance.s, on normal experimental animabs. Let us not 
lose sight of the fact that an exjierimenlal animal often reacts ditlcrentl.v to a 
drug than does a human being. Of more imjiortance is the fact that in the m- 
stance of the patient extensive injury may already have occurred in the impoitant 
Ijarenchymatous organs as a result of serious infectious disease. Naturally a 
drug which itself may be toxic adds in.sult to injury in such an instance. 

Recently numerous reports have apiieared in the medical literature de- 
scribing unfavorable reactions and even death as a result of sulfonamide therajp- 
Various types of skin lesions, nephritis, focal necrasis, and acute yellow atroplp 
of the liver, involvement of the central nervous system, myocarditis, anemia, 
leucopenia, and various other conditions have been described. 

Lesions of the skin appear as one of the most frequent complications and 
may be a manifestation of an allergic or toxic manifestation or otherwise as a 
drug idiosyncrasy. Wien and Lieberthal" describe a pemphigus, foliaceoiis- 
likc eruption following the use of sulfanilamide and sulfapyridine. Weinstein 
and Domin’- report a case of a patient with pneumonia receiving a total of la 
Gm. of sulfathiazole. The patient developed a severe, acute exfoliative dermatitis. 
"Other than an overwhelming toxemia resulting from the widespread ain 
severe involvement of the .skin, no satisfactory cause of death was found. 
Voliui Levitt, and O’NciP" present a case report and discuss cutaneous am 
conjunctival manifestations of sulfathiazole intoxication. The seventy ot svin 
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lesions Aritli extensive necrosis is well shown and discussed in a case report by 
Klingensniithd* 

Lesions of the liver in sulfonamide poisoning have not received the attention 
they deserve. This is probably due to the fact that in the majority of instances 
such a diagnosis is arrived at only at autopsy. It has been our experience that 



1. Photomicrograph of section of human liver. Note central area of focal necrosis. In 
Other areas isolated liver cells likevrise show necrosis. (X400.) 



a ‘fiVijoK^'ornlcrogniph of section of human liver shoving extensive acute atrophy 
Is liver tissue.’ '(XtOO ) ■' histology* present It Is dlClcult to tell Uiat 
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latly dcgciicralion, lowil ii«.,„,is (I'j,; |, 'V' oHivci cells, 

coumorecl „ case of .c.„o yoll„„ .t (f,:; o;" “* 



I-iJ,. 3.-Soctlon of kKiney .howlpK tub»lo„ n,,..,, , „ 

mi, a with hlooil colls nml nlbumln casts. (X.W.) 



kidney wSckage"by su?rapyVMi|fe"c^^^^ 

fonairidVtTerapv.'' 

Inrl Tii'iTTi-ivilir - I 1C \ ® ot toxic hepatitis of patients who 

ht fX ' T A ease of acute toxie necrosis of the 

^111 eve I"" r'" 1 sulfanilamide is described by Eussell.- AVatson,'^ 

a excellent sUidy discusses the alteration of hemoglobin metabolism and 
lepatic function in a large series of cases receiving sulfanilamide and sulfa- 
pyridme. 
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Effects of these drugs ujioii the central nervous system are infrequently 
reported. One of the most recent reports is tliat of Little,’® who describes the 
nervous and mental effects of the .sulfonamides. Bieter and co-worher.s’® carried 
out a series of experiments on chickens. Extensive peripheral nerve injury was 
noted. These investigators also present a ease report wherein a patient developed 
deafness and loss of function of the right lower extremity followng the use of 
sulfathiazole. These s^nnptoms disappeared and function was restored after the 
drug was discontinued. 



picture of monkey’s kidneys, ureter.^, and urinary bladder. Note marked 
^‘rcter H hydronephrosis on right due to blockage by sulfapyridine deposits. 

left had been opened longitudinally and shows normal diameter of this structure. 

Kidney injury is one of the most common complications encountered in pa- 
‘ > s recemng sulfonamide therapy. Imstances of anuria, hematuria, nitrogen 
l^etontion, and renal colic have been reported. Tubular casts we have noted arc 
0 an uncommon finding (Fig. 3). The insoluble acetyl derivative of these dnies 
tci^’^ deposits which may block the tubules (Fig. 4) or he .so ex- 

Selu'^ ureteral blockage with hydronephrosis. It has been shown by 

in co-workers-'' that crystalline precipitation is more likely to occur 

slio^^' 1 ^^ries of patients 2S j)er cent of those with alkaline nrine.s 

simV*^ cfystaUvu’ia. while 70 per eenl of those with an acid urine showed n 
'^Ibalinization. therefore, seems an e.ssential procedure to 
'cnt precipitation and urinary tract hlockairc. Tlie nppe.irnnce of the 
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urinary arolyl dorivativcs’ of llic various siiJronainidcs is well sliown in the dis- 
cussion liy l.clir and .Aiilojiid.-' If is usually not diHicuIt (o dcmoiisfralc rrystal- 
liiio deixisitions in liilnilar structures in frozen section preparations of hidiify 
tissue. I’assaue of hidney sections fhrou;:li tin* varioii.s steps of tiio parafiin 
leeliniipie followed Iiy lieinato.xylin-eosin stainiii'r di.ssolvcs out I lie .snlfonainide 
crystals. Museum siieciniens of kidiiey.s. ureter.s, and urinary liladders .soon 
lieeoiue worthless due to the fact that crystalline deposits of the.se dnurs .slowly 
dissolve in the Kaiserline: solutions. 


It was our [irivileire recently to examine the Icidney.s. uretei's. and urinary 
bladder of a monkey which had died from an infectious disease. In treating the 
infection the animal had received larye doses of siilfapyridine. At aulop.sy a 
larpre amount of crystalline material was found in the bladder and both ureters 
were completely blocked ( h'iir. 5) by crystal acciimulat ions resulting in e.xlensive 
bilateral hydronephrosis. undoubte<lIy haslmiin<r the animal’s death. Excellent 
discussions of urinary tract chanp<‘.s arc fouml in th<‘ articles by AVinsor and 
ljurch-' and Antopol, Lehr, ('liiir". and Sprinz.-" 

rtross, (.'oojier, and i\lornin"slar-‘ have ju'oduced the, experiiueutal lesions 
of filomerulonephritis in rats with sulfapyi-idine. 'I'he lesions rejiorted consisted 
of swelliujr and iirolib-ration of tht> cajisular ejiitlielium. ba.seinent membrane 
thiekenin'r, hyaline demmeration of the tiifl.s, endothelial jiroliforation of the 
tuft vo.ssels, and adhesions ftf the tufts to Jtowman's cajisule. 

Grave disturbanci's in the hematopoietic system may be cneountered in 
.sulfonamide tlieraiiy. This may take the form of a rajiidly fatal aeuto hemolytic 
anemia, a fatal a;j:ranuloey(osis, oi' le.ss serious manil'estations of these di.sca.sc.s. 


In the instances of airrauuloeyl ic anirina, it is likely that the.se druers may ad m 
a manner similar to certain barbiturate.s. such as amylal, barbital, dial, or nconnl. 
The.se are all “coal tar” derivative or “benzene rin;r'' dialers, similar to the 
sulfonamides, and have a markedly depressinir effect in some jiatients upon the 


leueoblastie centers in the lione marrow. It is needle.ss to .say that frennent 
leucocyte and erythrocyte counts and hemoglobin determinations during the 
cour.se of therapy will forestall in many eases Ihe.w serious eomplieations. Spring 


and Bci'n.stein.--’ Jennings and Southwell-.S.-inder."'’ and many others report im- 


portant findings fi'om the hematologic .stand])oiut in these eases. 


An important lesion which is too infrequently mentioned is interstitial myo- 
carditis. A review of the literature reveals the fact that attention is focu.scd 
solely upon lesions of the kidneys, .skin, liver, and hematopoietic .system. If 
very likely that, changes in the myocardium have been overlooked in human 
autop.sy material and also in experimental animals. It is hoped that the lew 
articles appearing on inter.s1ilial myocarditis in patients receiving the .sulfona- 
mide drugs will stimulate further intcrast in this much neglected topic. 

Our interest in interstitial myocarditis was occasioned by a perusal of the 
experimental work and autop.sy study of human hearts by French and Weller.-' 
We have noted histopathologic findings in human hearts similar to those re- 
ported by these authors. These consisted of eosinophilic cellular infiltrations be- 
tween the muscle fibrils (Fig. 6), and in some cases forming collars about the 
small branches of the coronary vessels (Fig. 7). The cells were mainly large 
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C.— Photomicroffraph ot section of human heart showing interstitial accumulations of 
cells. Most of these cells are large mononuclears with pink staining cytoplasm. There 
are present also some neutrophiles and a few er\throcytes. (x.^50.) 
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mononudeiiv colls willi pnik-st!iiiiin;jr cylopljisiii iiiid a coiisiflcral)lo iiumlmr of 
polymoi’plionncloav knicocylcs. ii\any with an eosinophilic cylojdasm. 

In the study by h'rencli and Weller 1!2(; eases, or 44.:') jier eont, of the 286 
receiving sulfonamide drugs siiowed a significant interstitial myocarditis. Wiiilc 
the series studied hy us so far is small, it prol»aI»!y will not reveal as high a 
percentage of interstitial myocarditis as reported hy h'reneh and Weller.-' In 
not any of our cases could the characteristic eosinophilic infiltrations lie at- 
tributed to aTiy other agent oi’ cau.se than tlie sulfonamides. 

Electrocardiographic changes were noted in a sci-ies of jjatients receiving 
these drugs, as reported by Scheinberg, and Ingh*,-* and Hozzi.-'’ 

In ])assijig it miglit l)c aiijiropriate to mention a word about the large num- 
ber of deaths which followed the use of elixir of sulfanilamide in Sejitember and 
October of 1937. This whole matter is c.xcellenlly reviewed in a Special Article^” 
in the .Journal of Ihc American Medical Assorialion. It should be rc-empha.size(l 
that sulfanilamide was not to blame for tho.se deaths, but its veliiolo, diethylenc 
glycol, a highly poisonous substaiiee was rcspoijsible. 

Tlic tremendous populai-ity of the sulfonamides is shown by refei-ring to the 
statistics of Drug Trade News, as quoted by Pruitt."’ The manufacturers’ .sales 
in the United States in 1940 of sulfanilamide alone amounted to ;")43,.S02 pounds. 
What percentage of this was dispo.sed of on physicians’ j)rcscriplions is diflieult 
to say. The danger of the indi.scriminate u.se of tlic.se drugs was pointed out in 
an EcIitoriaP= by the Journal of Ihc Aincrican }fcdic(il Asaarialion as far back as 
1937: “The startling news reports that the administration of .sulfanilamide 
will ‘euro’ gonorrhea in forty-eight hours has led to some unpleasant J'csults. 
Responsibility lies considerably with pharmacists who are willing to .sell danger- 
ous drugs to anybody over the counter. In one large city, hospitals have ad- 
mitted young men with severe sulfiiemoglobincmia i-esulting from self-medication 
with sulfanilamide. The physician must bear in mind the potential hazards of 
this drug.” 

CONCLUSIONS 

A study of a large series of cases and a careful I'cview of the literature 
reveals the important finding that any organ or tissue in the body may be af- 
fected thi'ougli the toxic action of the sulfonamides. In what j)crcentage oi 
cases this occurs is impo.ssible to say. Considering the popularity of these drugs 
and the tremendous quantity used, amounting to over one-half million jiounds of 
sulfanilamide for 1940 alone, it is not surprising to note some bad effects and 
even deaths from time to time. 

The immediate effects of these drugs upon the skin, liver, kidneys, and 
nervous system is well understood. It is not possible at this time to say what 
residual effects may be noted in the myocardium, liver, or other organs years 
later. Might such changes lead to chronic myocarditis or cirrhosis of the liver? 
Might they lead to bizarre blood dy.scrasia? No one as yet knows the an.swcr. 

Greater precaution in the use of these drugs is advisable. Dispensing on 
physicians’ pi'eseriptions only would lead to propei- conti'ol and discourage abuse 
and indiscriminate use b.y the laity. It is certainly not the intent to discourage 
a drug which has proved its merit. At times, as in grave ])neumonias, meningitis, 
puerperal infections, and otherwise serious bacteriemias it may truly be a “life- 



SCH.VTTEN'BKRG AND HARRIS: LliSIONS IN TISSUES AFTER SUUFONAJIIDES 679 


saver.” In cases of less gravity or in disease entities in wliicli other therapy may 
be employed its usefulness is doubtful. 

When sulfonamide therapy is indicated and necessary, certain precautions 
should he observed ivliich may prevent disa.strous effects from the toxiciti* of the 
drug. The amount of drug and duration of administration should be kept at a 
mininumi eonsistent with beneficial re.sults. Frequent cheeking to determine 
proper concentration of the drug in the blood Ls essential. Frequent erythrocAffe 
and leucocyte counts and hemoglobin determinations with an immediate discon- 
tinuance of medication ivhen there is evidence of important changes in these 
elements. An evaluation of renal function is necessary because a damaged kid- 
ney handles these drugs poorly. Progressive oliguria and hematuria may make 
continued administration of the drug hazardous. A continued high temperature 
after other signs of infection have disappeared may be entirely due to the drug. 
In a number of such cases observed the temperature has dropped to noi-mal fol- 
lowing the discontinuance of the sulfonamides. Alkalinization may prevent 
renal calculus formation. Electrocardiographic tracings may shed light on early 
myoeardial changes following the use of these drugs. 

An agent which is toxic for bacteria may in many instances be equally as 
toxic for the cells of the host and thereby increase the burden rather than lessen 
j it. The normal tissues of the control animal, employed by the pharmaceutical 
firms, are affected to a lesser extent than the tissues and organs of a sick pa- 
tient already the seat of cloudy swelling, fatty degeneration, etc., the result 
of bacterial toxemia. 

Undoubtedly, with a check on the injudicious use of the sulfonamides, their 
discontinuance in diseases wherein the mortality is nil and where other forms of 
therapy are effective and close observation of the patient in whom their use is 
thought to be of decided benefit will result in fewer .serious reactions and possible 
death. 
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INFEST.Vno.N AVlTir .STHOXt.'A’LOI DE.S .STEHCOK’ALTS® 


i\l. B. Li:vix, lAI.l).. B.\i,tim()I!i;, j\Ii). 


H UiLtiN iiii'estatioii Avitli ISlroufji/loidrs .'!lcrcor(ilis in the Jliddle Atlantic 
states has been distinctly nnconnnon.' Jni’csted i)ei\sons in tliis section of 
the United States AA'cre usually caiTiei-s in whom original infesttdion aats trace- 
able to a sojourn in subtropical or tropical regions. Siuee infestation usually 
occurred by cutaneous or oral contact with stool from a carrier, it is reasonable 
to belicA-e that cases occurred in persons wdio journeyed out of northern climates. 

AVe AATre fortunate in having secured stool containing Slronyyloklcs stcr- 
coralis lar\me from a patient who had ahvaj-s lived in Alar.^-land, c.xcept for a 
short visit to A^irginia about tAvent3" years ago. This case aa^'is of interest be- 
cause the patient’s infestation undonhtecll.v occurred in a nontropieal region, 
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presumalily from infested material fi-om a carrier; and lieeause of the oppor- 
tunity presented of photographing the rarelj' observed and onlj^ recently dis- 
covered male form of the parasite.- 

ABSTRACT OF REPORTED CASE 

The patient presented no definite sjTnptoms of Strongyloides stercoralix 
infestation and only a few very vague gastrointestinal complaints, such as flatu- 



FiKs. 


1-1.— rtrrcornU^, aiUiU male an,] inal.. 


t-ni-.-.h.- lan-al tormf. 
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Tin: .louHNAn oi- nAiioitATOitv ant» cijnicai- mkdhtnt: 


Icucc, ]).vi-().sis, iiiid const iinilioii. JIc wiis a oj -yen r-old jioliccnian ivlio slimvcd 
dnrijifj llio jiast year some aiifrinal symptoms that were reli(‘ved liy belchinfj and 
mor])iiine; Jiis blood picture rev(‘al<*d a (> ficr cent cosinoiibilia and a mild sec- 
ondary anemia; and Ids elect i'ocardio;rrapliic finding's indicated some myocardial 
damage. E.xamination of the stool showed nnmerons Sironfiijloulrs stryrornlis 
larvae which was the chief point of interest in this ea.se. 

niKcv;ssioN' 

In Fig. In, x4;i0 magnification, the male .sc.xnal organ of the adult form of 
Stroufijfloidcs slcrconilis iras plaiiihj srot. The copnlatory spicnles and gu- 
hernaculnm were indicated. In Fig. Ih, .xIOO magnification, the fertilizing ele- 
ment of the male adult form was indicated at the e.\it of the .se.vnal organ. Fig. 2. 
x430 magnification, showed the male larva with the immatine .sc.xual organ in- 
dicated. In Fig. 3 and Fig. 4, >:430 magnification, the female larval forms o I 
the parasite were indicated. 


.SL'.M.MAKV 

A ease is reported in which (1) infestation of Slroiiimloulrs slrn'ot'nlis 
inirasitcs was contracted in a relatively northern region; and (2) the rai'cly oh- 
.served male larval and adult form of the Sirotunfloidrs sit rroroHs was found 
in the .stool. 
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THE EFFECT OF CTNCHOPIIEN ON BILE FOILMATJON*' 


A. L. Bermax, E. b'. SxAiT', A. J. Atki.n'.sox, and A. C. Tvv 
Chicago, Ii.e. 


O N THE basis of the results of duodenal dridimge e.xperiments it has been 
reported that cincho])lien is a choleretic in man.’ In the anesthetized dog 
the drug has a A^ery definite choleretic aclioiF; it has no choleretic action in the 
rabbit.^’ ■* The effect of a single dose or repeated doses in the chronic biliary 
fistula preparation has not been studied. It was considered important to perfonn 
such an experiment because the drug, at least in large doses, is considered to be 
an hepatotoxic agent." 

methods 

Five healthj^ biliary fistula dogs Avhich had been carefull.v observed under 
dietary control for from two to three months Avere used. The bile Avas collected 
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by the Kous-^Ic^Iaster technique, except as otherwise stated. Three tj-pes of ex- 
periments were perfomed : (A) The animals were placed on a conti'ol period 

for from three to five days, the standard diet being fed twice daily without the 
return of bile or the administration of bile salts or drug. The volume output, 
and the cholic acid, cholesterol, and total pigment outputs were determined daily. 
Then the animals were given 1 Gm. of einchophen in 0.5 Gm. do.ses nith the 
meal for three days. The einchophen used was the “pure,” or snow white 
einchophen prepared by the Galco Company, and was completely soluble in 
alkaline aqueous solution and devoid of odor; it is less toxic and a different 
product than that yellowish white product marketed several years ago.'- The 
determination.s made during the control period were repeated during tlie te.st 
period. However, einchophen excretion in the bile eveiy twenty-four hours was 
determined bj- the method of Bradley.- The diet consisted of a commercial 
dog food (Pard) which was supplemented with dried yeast and cod-liver oil, 
the dogs consuming the same amount of the diet daily. (B) The second tj-pe of 
experiment consisted in gi^nng einchophen as above, except it was given for a 
period of fourteen days. (C) The third type of experiment consisted of giving 
einchophen and then returning all bile formed evem- hour. The detailed method 
■will be given later. 


Table I 


The Effect of i Gm. of Cinchophek Daily for Thp.ee Days ox Chroxic Biliary Fi.stcla 
Dogs, Xo Bile op. Bile Salts Beixg Givex 


DOG 

xo. 

WT. 

(KG.) 

VOLUME 
(C.C./24 HR.) 

CHOLIC ACID 
(MG./24 HR.) 

PICMEXT 
(MG./24 HP..) 

CHOLES- 
TEROL 
( MG./24 
HR.) 

BECOVERr OF 
CIN'CHOPHEX 

c 

i 

% 

CHO. 

c 

T 

% 

CHG. 

B 

B 

9^^ 

niG. 

c 

T 

THG. 

TOTAL 

OrTPCT 

(GM.) 

% 

BEC. 

2 

Buna 


2036 


901 

726 

-19 

88 

ma 

-13 

12 

16 

+ 3.3 





■1 

Wi 

260 

+ 90 

1,241 

1,268 

-f 2 

12.3 

124 

0 

12 

IS 

- 50 


JQI 

3 

11.0 

1.10 

282 

+117 

1,472 

1,1.36 

- 9 

150 

120 

-20 

1.3 

22 

- 09 





14.3 

287 

+100 

1,518 

1,516 

0 

1.3.3 

140 

-r 5 

15 

23 

+ 53 

2.11 

70 

4 


122 

287 

+1.35 

],.346 

1,441 

-}- 7 

109 

1.33 

+22 

12 

IS 

* 50 



_ 

iM 

12.3 

280 

+127 


1,561 

4-16 

101 

151 

+50 

1.3 

22 

* 09 

1..SS 

6.3 

5 

11.1 

140 

248 

-f 77 


1,175 

-f- '*» 


126 

+22 

16 

35 

+118 





1.32 

282 

+11.3 

1,218 

1,257 


IQi 

1.38 

-38 

16 

34 

+112 

1..84 

61 

ii 

12.0 

1.30 

26.3 

+102 

1,420 

1,226 

1 

85 

138 

■r62 

12 

25 

4-108 



- 


110 

277 

+11.3 

1,421 

1,422 

■a 

120 

160 

. OO 

— .»t> 

LS 

43 

4-1.38 

l.ps 

66 

•Vvorago 

0 dog.s 

132 

27.3 

4-106 

1,.301 

1,0.30 

0 

111 

131 

4-18 

14 

26 

- So 



—in 

tests 















•• Uin. kotoc'hol 

]2() 

2.31 


1.468 

1,568 




pa 

m 

14 

4 27 

0.72S 

24 



12S 

264 

iHinB 

iBig 

■Kga 

Ba 

UQI 

KBI 

Si 

U 


- 27 

o.s::ri 

2K 


BFSULT.S 

-1. The Effect of einchophen Adminislralion for Three Daj/s . — On iJic aver- 
age, 1 Gm. of cincliophcn daily, given as two doses of 0.5 Gm. wilii tlie morninir 
and evening meal, increased the volume outiml of bile over llic control bv 106 
per cent (Table 1). The i-angc of increase was from 77 to :13G ]icr cent idiove 
die control output. The bile was clear and odorlc.ss. and at no time resembled 
the bile obtained in the presence of an infectious iiepatitis. Tlie ebolerens pro- 
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duced Avas iuialofrous 1o 1lin( ol)lainod Avilli' Oiti, of doliydrocliolaiiit; acid salts 
(ketochol) or oi! .sodium doliydrocholalc (dcclioliii, .sodium).' 

On tlic avcrafro clinUr itrid xijiiihrsix was not dian^md, allli(mi;Ii flir: indi- 
vidual tests .siiow a I'anjic of from -1!) to dti pei' eeiit. A ])lus or minus raii^e of 
10 to 1.5 per cent occurs in some "roups of do".s, liowever, under ai)parently con- 
stant environmeulal conditions. Tlic lulul jiifiminl initjiul .sliowed a per 
cent increase on the avcraiie: it was increased or not altered in all Imt three 
tests, wliich is not a siirniric.ant increase accoi'diii" to our jircviou.s ohsf'rvalions'’ ^ 
on this type of biliary fistula ju'cparaliou, in wldcli :i variation of or -25 per 
cent of tlic mean may occur. A detinite increase in rJifilcstrrol nutpul occiu'red. 
Tlic outjnil of cliolestei'ol, liow(A'er. is inci-cascd wlnm a cliolr-resis is i)roduced by 
the administration of con.iu"a1cd ox bile acids or tlic return of do"'s bile. Ac- 
cordiu" to our obsei'vations," the cbolc.slcrol ouli)ul varies ; or -20 iier cent un- 
der constant environmental condilion.s. 

I'^'rom ()1 to To per cent of the cinchoph<‘n adminisliU'ed was rt‘covei'e(l in the 
Iwcnty-four-hour volume of bile. This a"rces with the observations of Bradley 
and T'y," vlio recover('d fi'om 5t) to 7S per cent in semiacute biliary fistula doiD;. 
The test for cincboplien was luyativc in the i)rcconlrol and postcontrol cincho- 
phen period. 

Comment : It is clear fi'om the re.sults that cincboplien administered in 0.5 
Gm. do.ses with the meals to the 5 doirs used jiroduced no evidence of toxicity, 
using volume output, cholic acid synthesi.s. jiigmcnt. and clioleslerol ontinit as 
criteria. It is po.ssible. liowever, that a jieriod of three days of administration is 
not sufficiently long to produce hepatoloxic signs. 

Ji. The Cfjcct of Cinchoplini Administration for Fourteen Daps. — Follow- 
ing the .same procedure as in the experiment above, 1 Gm. of cinchojihen was 
given daily for fourteen day.s. 

Dog 5 had sufiered a iiartial obstriu'lion of the bile duct several days prior 
to the start of the conti'ol period. Wc decided to use the animal to ascertain 
Avhat might happen when cinchophen is administered during a time that the 
liver is recovering from an obstruction. During the obstruction the bile had a 
bad odor and Avas infected. This tended to clear Avhen the obstruction Avas re- 
licA'ed. 

Tabu; II 


The Effect of 1 Gw. of Ci.nciioi’iiex Daii.y fou Eouktee.v Co.v.secijtive Daa-.s o.x Cnnoxio 
Bn-iAF.Y Fi.sTur.A Dogs, No Bu.e oi; Bii.e Saet Bei.vc Giv];n 


l\OG 

\VT. 

VOLUMK 

(r.c./24 irn.) 

CHOLIC ACID 
(MO./24 HR.) 

cnoI.ESTEROh 

1 ( .MG./24 IIP..) 

pigment 
(MG./24 HR.) 

N-0. 

(KG.) 

c 

1 

ciin. 

C 

T 

% 

('HG. 

mm 

Y 1 

% 

riio. 

C 

T 

'/c 

CHG. 

2 

mi 

129 

2;>2 

+ 80 

1,184 

1.1.52 

ra 

14 

20 

+42 

114 

110 

+ .0 

O' 

11.0 

129 

291 

+125 


1.175 


13 

IS 

+39 

107 

119 

+10 

Sd 

9.0 

99 

■tMIM 

+132 

1,455 

Wmll 

■SEI 

10 

2.'» 

+-14 

120 

120 

- 4 

4 

8.4 

127 

.322 

+154 

1,408 1 

1,541 

Ha 

■H 

29 

+81 


200 

+27 

5* 

n.i 

1.14 

255 

+ 90 

1,100 I 

718 

-35 


27 

+50 

111 

122 

+ 9 

S3t 

HRl 

94 

219 

+133 


1,289 

+ 7 1 

■H 

19 

.rlS 

128 

143 

+11 

Average 

119 

258 

+110 

1 1,295 

1,240 

- 3 

1 15 1 

23 

•foO 

124 

127 

+ 2 


•See Table HI- 

tCinchophen given for thirty-three days. 
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The results obtained from six experiments on the 5 dogs are shown in Table 
II. The results are approximately the same as those obtained in the three-day 
experiment. 

In Dog S3, the second test on the dog recorded in Table II, einehophen was 
administered for thirty-three days. During this period the animal consiuned all 
his diet with appetite, though no bile was returned or bile salts were admin- 
istered. The animals as well as the composition of the bile remained normal. 
The average volume output during the last eleven days was 254 c.c. per day, and 
the average cholic acid synthesis was 1,336 mg; both tended to be higher than 
during the earlier part of tlie exjieriment. It should be remarked that other 
dogs may .sjTithesize and excrete le.ss cholic acid during the fir.st than during the 
second week. 

Table III 


The Effect of 1 G^t. of Cixchophex Daily ix the Pp.esexce of Livep. Disease^ 


DOG. 

NO. 

■WT. 

(KG.) 

DATE 

POSTOP. 

DAY 

HR. 

FLOW 

DIET 

j YOLVilE 

: (c.c.) 

CHOUC 

1 ACID 
(ATG.) 

1 CHOLES- 1 
i TEEOL j 
' (AXG.) 1 

PJGilEKT 

(IIG.) 

D 

1 j].i 

12/28/40 

101 

24 

Reg. 

214 

421 


99.1 



12/29/40 

102 

24 

Reg. 

223 

580 


103.2 



12/30/40 

103 

24 

Reg. 

1 247 

370 


134.1 



12/31/40 

104 

1 24 

Reg. 

249 

598 

bbb 

148.1 



1/ 1/41 

103 

24 

Reg. 

261 

548 


157.9 



1/ 2/41 

108 

24 

Reg. 

258 

564 


118.7 



1/ 3/41 1 

107 

24 

Reg. 

265 

815 

BNB 

116.7 



1/ 4/41 

108 

24 

Reg. 

262 

838 


161.1 



1/ 5/41 

109 

24 

Reg. 1 

259 1 

958 

1 

170.4 



1/ 8/41 

110 

24 

Reg. * 

277 ' 

865 


101.4 



1/ 7/41 

111 

24 

Reg. 

286 

972 

22.6 

123.3 



1/ 8/41 

112 

24 

Reg. 

238 

857 

1 

94.0 



1/ 9/41 

113 

24 

Eeg. 

260 

832 


8S.6 



1/10/41 

114 

24 

Reg. 

277 

S37 

29.9 ] 

87.2 

Average 


1 1 


255 

718 

27.0 

121.7 


-An obstruction of the bile duct was relieved three days before the start of this experi- 
tnciiL The low cholic acid output during the first few davs is attributable to an hepatitis. Tlie 
animal consumed all the diet each day. 

No bile was returned : no bile salts were given. 


The results on Dog 5 are of particular interest because the dog had not fully 
recovered from a partial biliary obstraction and hepatitis when einehophen medi- 
cation was started. The daily determinations are recorded in Table III. At 
tlie .start of the experiment only 0.3 to 0.4 Gm. of cholic acid was stmthesized 
daily. Later, cholic acid output increa.scd to 0.8 to 0.9 Gm. daily. 

Comment: On the basis of the criteria used, the administration of 1 Gm. of 
einehophen daily, 0.5 Gm. Avith each meal, for fourteen days and in one ease for 
thirty-three days caused no evidence of hepatic injury. 

In the dog recovered from partial ohstruetion and hepatitis, the liver man- 
ifested a gi-adual recovery. Whether the recovery of the animal ivas retarded 
cannot he staled, since such animals in our ex])ericnco may recover in from 
three to fourteen days when no einehophen is given. However, in .sucli instances 
we always give a bile salt preparation or return bile with tlie idea of flu.shin" the 
ducts, since ohstinction. as a rule, occurs in our dog.s only wJien they are keiit on 
food without hile salts or the rcluni of bile. The thick bile formed in tlie ab- 
s<>nce of the return of bile or bile salts definitely favors obstruction and infection 
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of tile liile; this is liii' ehief rciisitii why we never deprive our do<>s of liile fora 
lonfrcr jx'riod tlum from five to seven <liiy.s, exeept when ^ve <rive them some other 
eliolerctie. 

The fiH'i ilnii no cinchoplun rouhl ht found in flit hili t no nh/-f our hours 
after the hist dose, teas ijivin sliows that it is ratln'r ra(iidly exereted or metaim- 
lized. Tlie faet that we were aide to obtain fnirn fil to 7o per <-ent of the admin- 
istered einehojilien in tlie hile shows tliat eineliophen in llie presenee of an in- 
tact biliary tract may iindei%m repealed (‘iiterohepatie eirenlalion. Since in onr 
dogs the cinchophen given could undergo only one entendiejmtic circulation, it is 
possible that hepatic injunj map occur in the intact animal dm to repeated 
cnicrediepatic circulation. Tin's hypothesis was tested by the following experi- 
ment. 



Input of cholic, acid-j^rnms Houro 

kik. 1. 


C. The Effect of Repealed Enterohejmtic Circutation of Cinchophen in the 
Dop. — Method. One liiliary-duodenal fistula “suction" dog" was used. The dog 
weighed 9.0 kg. The Idle was collected in a gla.ss cylinder and could be I'cturncd 
directly into the intestine through the duodenal fistula. ^I’he animal was fed at 
eight-hour intervals one-lliird of his daily ration of the standard diet. The 
bile was collected and returned on an hourly .schetlule, the volume being recorded 
and a 0.1 c.c. sample being retained for cholic acid a.s.say. The bile collected 
hourly was returned to the intestine during a five- to ten-minute period for 
forty-eight hours. After a three-day control ])eriod of no return of bile the 
hourly return was started and 333 mg. of cinchojihen was mixed with each eight- 
hour feeding. 

Results. It has been .shown previoii.sly'"- ” that when hile is returned to an 
animal evejy hour after a period during which no bile has been returned, the 
cholic acid output, due to enterohc])atic circulation, will increase according to 
a definite curve or formula and will in time reach a relatively constant or homeo- 
static level, at which .synthesis is balanced by the “destiTiction ” of cholic acid. 
In view of this fact, it was thought that if cinchoi)Iieu disturbed cliolic acid 
synthesis, the disturbance would result in a modification of the “normal’’ curve 
of accumulation. Therefore, the data obtained on cholic acid output on the 
hourly return of bile with cinchophen administration was treated mathematically 
as in previous work.’"' " 
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When the input of eholic acid is plotted against output of cholic acid, a 
linear relationship occurs (Fig. 1). When the results are analyzed mathe- 
matically and the equation of the straight line, output = “b"’ times input plus 
“a,” u’as solved, it was found that “b,” tbe slope of the line or per cent of re- 
covery was 92 per cent, and “a,” the point of intercept on the ordinate, or basal 
cholic acid output on the diet, Avas 0.046 Gm. per hour. The curve that fitted this 

b" — 1 

straight line Avas predicted by the folloAAdng equation; On = b"I 4- a ( ^ ), 

AA’here “On” is the output of cholic acid at any subsequent hourly period, and 
“I” is the actual initial dose of cholic acid administered at the first return of 
hile. The curA-e predicted by this equation, AA'hich has been tested and established 
by preA’ious experimental results,’®’ “ is shoAAn in Fig. 1. The predicted homeo- 
static level Avas 0.60 6m. per hour and that actually obtained experimentally was 
0.55 6m. per hour. The predicted cholic acid sATithesis per hour was 0.046 ; the 
actual SATithesis found Avas 0.050 Gm. The predicted recovery was 92 per cent, 
the actual AA'as 91 per cent. Tiie actual curA-e of output (Fig. 1) approximates 
fairly closely the predicted curve, though it is somewhat lower at the first, which 
is, in general, true in other sucli tests Avhen cinchophen is not given. 

Comment: The results shoAv definitely, insofar as this dog is concerned, that 
repeated enterohepatic circulation of cinchophen during a forty-eight-hour 
period causes no decrease in cholic acid output. 


DISCUS.SIOX 


The effect of cinchophen feeding on the secretion of bile has been studied 
under A-arious conditions: (a) Avhen fed for three-day periods; (b) Avhen fed 
OA-er a period of fourteen consecutive days, and thirty-three days in one animal ; 
and (c) Avhen making 24 enterohepatic circulations a day for tAA-o days. In 
no case AA’ere aa’c able to shoAv that cinchophen acted like a hepatotoxin as de- 
termined by bile analyses. The eholic acid output, Avhich we belicA-e is the most 
sensitive indicator of liver dysfunction, Avas not altered significantly- Tliis Avas 
especially true of the aA*erage results on a number of biliaiy fistula dogs, although 
mdiA’idual tests may show a greater A-ariability in cholate synthesis. In all cases 
due to cholere.sis the cholic acid concentration in the bile A\'as decreased, but the 
total cholate output remained on the aA'crage the same as the control. Similai’ 
results Avere obtained using potent oxidized bile acid choleretics.’ It Avas also 
shoAvn that cinchophen does not affect the regulation of cholic acid output by 
the liver. When the bile, containing cinchophen. Avas returned cA-ery hour during 
the day, the cholate output gradually increased and reached the homeostatic level 
predicted hy a methematical equation. 

Wc haA’c no explanation for the increased cholesterol output due to cincho- 


phen feeding; this occui’s whcncA'cr a cholercsis is jn-oduced by any procedure 
known. Since the cholic acid output AA-as not simultaneously increased, the bile 
acid; cholesterol ratio would be decreased. Avhich uiui/ tend to predispose to a 
precipitation of fatty acid and cholesterol in the uall hladdi’i- in the presence of 
a condition faA'oring the diffusion of bile s;ilts from the organ. 

These experiments estahlish cinchophen as a potent hydrocholeretic evc-n as 
efiectivc as dehydroeholic acid (decholinl or mixed ketocholanates fketoehol) 
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Wlvcn 3 G'ln. of these liilc neids Avorc juliiiinistored per day, a ••■lOS jier rent in- 
crease, on the avoraiio, in vohnne oul))nt was obtained. One fjrajn of ciiiciiopiien 
daily, Avlieihcr administered over a .short or lonsi period of time, "nvc an averntro 
increase of •106 per cent, fhiinimvinir llie.se siibstanee.s on a <rrain-woifrlit bii.sis, 
cinchophen is tlirce tiine.s more orfeelive tlian deliydroehnlie acid a.s a liydro- 
cliolcrotie. The reason for tins marked eliolere.si.s is not defijiitcly known. In 
acute and clironie biliary fistula doj^s llie cliolere.sis jirodnced by einelioplicn wa.s 
associated witli the c.\-crelion of 60 to 76 per cent of the administered dni". 
When 10 to nO 111 ". of eiiiehojihen were injected inf ravcnoii.sly into acute and 
chronic biliary fistula rahhits, no hydroclioloresis occurred, and only A'cry small 
amounts of einehoplien were excreted in the hile.-* Tlie.se results indicate that in 
the dofr. hut not in the rahhit, the liver is esjiceially concerned in the e.xeretion 
of cinchophen and in the proee.ss of its oxerotion water is excreted with the drug. 
It is quite iirobable that the ease of solubility of eincliojiheii in hile and its os- 
motic activity therein are important faetoi's eonf rilnitinsr to (he liydroeliolercsis 
prodneod by einehoplien administration in (lie do”:. 


St;.MMAIJV A.N'I) CONOI.rslO.N'.S 


One gram of “pure'’ cinchophen (Oalco Comiiany) was fed daily (0.5 Gm. 
with cacli meal) to 5 chronic biliary fistula dogs for three- and fonrtecn-day 
periods, and in one instance for tiiirty-tlivee day.s, and the cfiecl on bile volume, 
cholic acid, total pigment, and cholesterol mitinits was determined. Tlic amount 
of cinchopheu recovered in (he bile was also determined. It Ava.s found that tbi.s 
daily dose of einehoplien caused a marked hydroclioloresis a.ssoeialed with no sig- 
nidcant change in cholic acid and total pigment ontpnt.s, a marked incroa.so in 
cliolostoi'ol output, and a recovery of GO to 7.5 jier cent of the admini-sterod 
cinchophen. 

On a gram-weight basis einebojihon i.s three times as effective as a hydro- 
eholeretie a.s the ino.st potent bile acid ebolorctic, namely, dcliydrocliolie acid. 

When bile, formed under the stimulus of einelioplicn feeding, is returned 
every hour during the day for two day.s to simulate conditions in the intact an- 
imal and to cause repeated onterohcpatic circiilnlion of the einehoplien and bile 
salts, the choHe acid rcgulaton- mechanism was not, disfm’bcd and the cholatc 
output increased and closely approximated the predicted homeostatic level of the 
noiimedicatcd animal. 

In, the pre.sence of an already injured liver, oincliophen feeding did not 
definitely increase the severity of the Jicpatitis; it cannot bo .said that the cinclio- 
phen aided recovery, though recovery occurred during cinchophen medication. 

Therefore, from our studies on chronic biliary fistula dogs, cinchophen, Avhon 
fed in 1 Gm. dail.v doses, does not seem to aet ns a licpatotoxin on the basis of 
the criteria used. To what extent the “margin of safely’’ in tlie liver Avas af- 
fected by the einehoplien is not clearly determined by the typo of experiment 
used in these studies. 
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DRUG PROPHYLAXIS AGAINST LETHAL EFFECTS OF SE^'TIRE 

ANOXIA 


IF. A ST.VXDABDIZED TECHNIQUE 

Influence op Body "Yeight, In-jection of S-ilese, ^Iu.6cul.vf. Re-straent, E.ate 
OF Ascent, AN'D Pretreatment With Oxygen op. Heuxtm-Oxygen 

IN Anoxic 3Iice 


G. A. Emerson, Ph.D., .and E. J. V.in Leere, Ph.D., jM.D. 
IMorgantovtn, W. Ya. 


T he influence of several medicinal agents upon re.sistance to acute anoxia 
has heen studied by numerous investigators, and tbeir reports are summarized 
in the first paper of this series.^ ilajor variations of technique and the lack of 
critical examination of the findings of different vrorkers may be responsible for 
discordant coneliLsions regarding indiridiial agents. It is difficult to make any 
adequate correlation of prophylactic effects of different agents when results ob- 
tained under widely different expeidmental conditions are compared. Relative 
efficacy of different agents may be e.stimated accurately only through the use 
of one or more standard techniques, and a concept of the relative involvement 
of the various physiologic proce.s.scs known to be concerned in the lethal action of 
anoxia may then be gained. 

Factors of simplicity, mexpen.siveno.s.s, and uniform reproducibility are of 
pnmaiy importance in a te.st of prophylactic effects against anoxia, and the.se 
considerations governed the development of the present method. Since a stand- 
ard technique should involve a test of effects of agent.s in intact mammals, with 
simuUanoou.s ob.servation of lethal effects of anoxia in sufficient numbers of 
treated and untreated animals to permit statistical evaluation of re.sults, mice 
are best suited for u.se in the proposed method. 

The most easily controlled type of anoxia is anoxic anoxia, as produced bv 
e.vposure to low atmospheric pre.F-surcs. In contrast, controlled degrees of anemic, 
Instolox ie, or stagnant anoxia are extremely difficult, if not impossible, to obtain! 


Pflinol riinrmricoloo- .mil W. 

for Aiimi.ct 


Virgin l.'i Cnlv/ r.-f 1 1 v 
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cspceiiilly in liir'jo <rroui)s of aninnils. Fiirliicr. anoxic anoxia is jimlialily more 
commonly encountered in diseases of man tlian are the other types. It maybe 
emphasized, however, that results of le.sis upon .small mammals and njion Ictlm! 
effects of aente exposure to siimdattsl hiirii altitnde-s nece.ssarily have no im- 
mediate applicability to tlie treatment of the moderate defirees of anoxia oc- 
currin'T in many diseases <if man or in modern aviation jn-actice. The function 
of a simple test of the antaironistic action of different atrents toward lethal effects 
of anoxia in animals is one of orientation, after which more intensive study may 
.siipfrest the ])o.ssil)lo clinical n.sefidne.ss of those aiicnts which show proini.se in 
examination by more (dahorate tcchni(|ne.s. In some- instance.s. af'cnls which 
are not iiroidiylacf ic airainsl, or are even .synerfiistic with the lethal effect.s of 
cxiiosnre to simulated lii!j:h altitudes may. nei'erthele.ss, lie useful in the treat- 
ment of efl'ccts of mod{*rate dc^n'ci's of anoxia. l?ee()i;nilion of tlie limitafion.s 
of sucli aircnts in tlie ti'eatment of severe anoxia is still nece.ssary for full knowl- 
edge of their action. 

The .sco[)e of the problem concerniii!; various afu-nts other than oxyiren. which 
may have protective value in .severe anoxia, has been presented elsewhere.’ The 
prophylactic effects of certain convul.sant.s.’ narcotics.'- and of llu' ojitical i.somei’s 
of benzedrine^ have been studied by the teehniipie dc.scribed below. 

MKTHOI) 

The metliod involves the use of sufliciently lar're numbers of tnice for 
.statistical si!,mificancc. simultaneous exposure of an untreated control "roup of 
equal size to the same conditions of anoxia, and a comimrison by statistical 
criteria’ of mortality in control and treated irroups at the time appi’oximatcly 
50 per cent of the control mice have died from anoxia. 

Youii" healthy adult mice of the .same strain are weifrlied to the nearest 
gram and arc treated intraperitoncally with the test agent di.s.solved in .saline. 
Control mice arc treated with an equal volume of .saline at the .same time. This 
step is unnecessary under ordinary conditions but is desirable since it makes 
the degree of hydration more uniform in all mice. The interval between ti'cat- 
ment and exosure to anoxia may vary with different agents aceording to their 
time of maximum action, but, in general, should be at least one hour for the 
longer-acting agents to minimize effects of the difference in time of treatment of 
the finsl and last mice injected. 

Exjiosure to anoxia is jiroduccd in a cylindrical deeomjire.ssion chamber rc- 
.sembling that of Kolls and Loeveiihart."' This tank is eon.strucled of Id inch 
boiler jdatc, oxyacctylene-welded at all seams. Its horizontal diameter is 90 cm. 
and its height 45 cm. The capacity i.s ai)])roximatcly 2S5 liter. The tank is pro- 
vided Avith three doublc-sti-cngth plate glass Avindows, reinforced AA'ith metal bars, 
to permit illumination and obserA-ation ; a U-shajied mercury manometer Avith one 
arm open to the outside atmosphere; Iaa'o adjustable inlet vah-cs set op])ositel.v 
at the top; and an outlet connected Avith a vacuum ])ump of high capacity. 
Ventilation is adequate in all jiarts of the tank at the lowest ])rc.ssures used Avith 
biolo'dc material, and there is no i>o.ssibility of accumulation of carboii dioxide 
under the conditiQ^^^ 1'^”- piopo.sed test, 
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Ahliougli it is rcpoi^nized that no valid sinjilc deirree or even moderately nar- 
row range of anoxia ean he taken as the point at wliicli 50 ]ier cent of control 
mice die,' the conditions of producing anoxia should be kept rigorously constant. 
The varying resistance of different control groups to anoxia then probably reflects 
constitutional differences, for there is no correlation with the pre-cxperimental 
harometric pre.ssure, humidity, or apparent physiologic condition of the mice. 
This variation in tolerance on different days necessitates the simultaneous ex- 
pasure of treated and control groups to identical conditions. 

illice within the tank are rapidly expo.sed to a reduced pre.s.sure of about 
523 mm. Hg, which simulates an altitude of approximately 10,000 feet. This 
pres.sure is maintained for ten minutes. After this period of equilibration of 
blood and tissue gases wth this level of reduced pressure, the pre.s.sure is further 
reduced at a rate corresponding to an ascent of 1,000 feet per minute, ilice 
usually tolerate this progressive anoxia until a reduced pre.s.sure of less than 
226 mm. Hg is attained within some thirty minutes after beginning exposure; 
this pressure eoiTesponds to that at an altitude of 30,000 feet. Approximately 
50 per cent of control mice die at the time atmospheric pre.s.sures of 170 to 141 
mm. Hg are attained, which corre.spond to simulated altitudes of 36,000 to 40,000 
feet. 

Temination of exposure is governed by mortality of 50 j)er cent of the 
control mice rather than by attainment of a fixed level of anoxia. ^lortality of 
50 per cent of the control group affords the most significant point for statistical 
comparison of mortality in treated groups and estimation of either protective or 
harmful effects of the different agents. An ideal prophylactic would completely 
prevent lethal effects of anoxia at a level cau-sing 100 per cent mortality of con- 
trol mice. Except oxygen, no agent has yet been found capable of this. 

After exposure, mice are ob.served for an additional forty-eight hours to 
include any po.s.sible late effects of treatment. Latent lethal effects have not 
been encountered with the agents tc.sted thus far. Necropsies are occasionally 
made of mice dj-ing during exposiu’c to anoxia. (Ti-oups of mice showing pneu- 
monitis should not be used. 

The influence of diet, and e.specially of various hypervilaminoscs. is to be 
studied in detail. As the test has been used to date, mice have been supplied with 
a standard diet and water, available at all times. The mice have been sub.iccled 
to anoxia in the early afternoon. Since mice are chiefly nocturnal fecdei-s. the 
stomach and small intestine arc usually fairly empty at this lime and the mice 
are in a po.st absorptive state. ' 


nODV WEIOIIT 


Immature animals arc Ic.ss susceptible to lethal effects of anoxia than arc 
adult.s,"' • and smaller species of animals are le.ss su.sceptible to aeroembolism than 
are larger species." In a le.sf of tolerance to anoxia the validity of results ob- 
tained with unsclected groups of young adult mice may be questioned. If the 
smaller mice of such groups are significantly le.ss su.sceptible to anoxia, and if 
the numbei-s of smaller mice in control and treated group.s do not coincide, crror.s 
miglit arise from this cause. Data have accumulated from previous studies wiiich 
lioar upon this problem. 
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llic nic.'iu body oi KJO joice ‘lyiii^ diii'iiif: exposure for thirty minutes 

to se\ere anoxia was 16.Si0.2] (Jin., wliile tin.’ jiiean body Aveiirlit of 240 mice 
survivin<r tlie same conditions of anoxia was Ki.I fjl.l? (bn. The difference be- 
tween tliosc means is 0.7 ±0.27, si-rnifyinj''' a p of <0.0J. Jfowever. tliLs difi'er- 
cnee is more apjmrent than real, for the data were int(>; 4 rated from results with 
.sc\eial ponps of mice oi difiei'cnf mean body weights and of differin'r tolerance 
to anoxia, as noted by differenees in inorlalily ratios in I lie individual experi- 
ments. The statistical treatment of such data cannot be considered eonetu.sive. 

it h smaller grou]).s- simultaneously expo.sed and, therefore better controlled, 
the ditYeicnecs between mean body weights of mice surviving and those dying 
nndei identical conditions ol anoxia wore not significant, although the mice 

ching during anoxia were nnitormly .sliglitly lieavior than those .simultaneously 
surviving. 

Of 100 mice from the same colony, no survives! and 4S died whi'ii subjected 
simultaneously to severe anoxia produced according to the propased technique, 
iilean body weights of these two group.s u-ei-e In.O ± 0.47 and IG.O ± 0.40 Gm., re- 
spectively. Tlie difference between thc.so means is not significant, although again 
the survivors were slightly lighter than those dying in anoxia. 

rveonatal tolerance of the I'al- to anoxia is rajudly lost within eighteen days 
0 po.stnatal life. It. does not ajipear to be iiei-e.ssary tliat young adult mice 
.should be carefully selected witliin a narrow weight range for n.se in tests of 
tolerance to anoxia. It may be noted that even if the eoenicient of correlation of 
0 } u eight and tolerance to anoxia were a significantly large negative value, 
the source of error from this cause in the pro]ioscd technique 'would still be de- 
pendent upon inequalities in mimbei-s of small mice in control and treated 
groups. The use of largo groujw of mice minimizes this hazard. 

IN.IKCTIOX op SALl.XK 

It A\as pic\ioush I'cjiorted' that intraperitoneal injection of 50 c.e. per kilo- 
giani of physiologic saline fit teen minutes before exjiosure to anoxia has no harm- 
ful eficet on tolerance of mice. Thirteen of 20 mice so treated died under anoxic 
conditions simultaneously causing death of 14 of 20 untreated mioe. Since then 
mice used as controls have been treated routinely with saline injections in 
amounts as great as 60 c.c. per kilogram giving one hour before exjiosurc, without 
appal ent effect on tolerance. If appreciable hydremia is produced by these 
massive doses of saline, the resullant anemia from dilution of the blood is in- 
sufficient to affect tolerance to anoxia. If blood volume is actuall.v increased by 
these saline injections, an undesirable accentuation of the cardiac dilatation 
knoAvn to ocenr in anoxia*® would jirobably outweigh an.A’ possible beneficial 
effects. ^Vhatever the circulatory effects of massive doses of saline may ho, how- 
ever, they do not appreciably affect tlie lethal action of severe anoxia under the 
conditions of the proposed test. 


IIUSCULAK UESTRAINT 

Mice become liyperaetii’e during induction of anoxia, more or less in propor- 
tion to the rate of production of anoxia. In susceptible mice, and in the majority 
after administration of subconvulsive doses of central nervous system stimulants,* 
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this hyperactivity leads to sevei’c clonic or epileptiform convulsions, jSIice ex- 
hibiting these convulsions usually become comatose and die ndthin a short period. 
TjT)ical tetanic conindsions are infrequent in anoxic mice, and the cause of the 
usual coninilsion in anoxia is probably coidical and sympathetic stimulation, or 
depression of the motor inhibitory mechanisms, rather than nen'ous effects of the 
alkalosis due to hj-perpnea in early anoxia*. The possibility that the hyperactivity 
is a response to painful stimuli from aeroemboli in joints or other tissues is 
negated by findings which indicate that aeroembolism is not an appreciable factor 
under the experimental conditions. Distention of hollow viscera due to ex- 
pansion of contained gas under reduced pressure could, however, give rise to 
strong pain stimuli, and neuralgic pain arising from local effects on nerve tninks 
may occur in mice as in man,® 

Tlie metabolic rate is much higher during active exercise than in quiescence, 
and tolerance to anoxia should thereby be decreased. A significant increase in 
tolerance to anoxia is shonm by mice fully narcotized with certain depressants- 
over that of control mice vnth normal actmty. In order to test whether simple 
physical restaint would produce like results, the following two experiments were 
made. 


Ten mice were confined, each within a 60 c.c. iieaker covered with a single 
layer of cotton gauze. Under anoxic conditions in wliich 18 of 40 noimal mice 
died when simultaneously exposed and allowed to run about inside the decom- 
pression chamber, all the 10 mice confined in the beakers died. It was felt that 
perhaps adequate ventilation was prevented and also that the confinement was not 
sufficient to restrain the mice from struggling, although none showed frank 
convulsions. 

Twenty mice were therefore confined, each within a tube of light 14-mesh 
wire gauze. The tubes were made of a single thickness of the wire gauze, closed 
by pinching the ends and loosely stitching the longitudinal seam with light 
copper wire. Each tube was eonstnicted to fit the occupant snugly but to prevent 
major movements of the body and full extension of the bmbs. The mice were 
free to move easily forward along the tube but could not turn around. The usual 
response to confinement was sleep. Special care was taken not to make the tube 
too small for full respiratory movements, and the longitudinal closure was loose 
enough to permit a considerable amount of enlargement of the lumen with little 
resistance, to correct for any moderate increase in body volume at reduced pres- 
sures. 


Of tiie 20 mice thus restrained, all died under conditions of anoxia in 
which only 9 of 20 control mice died when allowed the freedom of the decompres- 
sion chamber. 


In Iioth experiments the rate of production of anoxia conformed to that 
noted in the projiosed method, with a plateau for ten minutes at a .simulated alti- 
Inde of 10,000 feet, followed by a simulated rate of ascent of 1.000 feet per 
minute to 41,000 feel. With this relatively .slow rate of ascent, mice .show a 
mitiitiial amount of exeitcmeni, although convulsions commonly precede death 
•'ll liie hmher levels of anoxia. It may be concluded that, in le.stiii" prophvlactic 
drugs by the proposed leehni<}ue. close confinement of the experimental animals 
IS neither bonefieial nor desirable and does not resolve irregularities in oxvL'on 
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consutiipfioii due (o difiVriiifi: jie(ivi(ies of (he mice 4 Mk oftieioidly as does (he use 
of a rate of production of anoxia which tniniinizc.s cxcilcmcnt. The hannful 
effects of I'csfrainf may ))e due to marked isometric muscular activity resulting 
in an increase in oxygen eonsnmption actually greater than that in mice allowed 
to run about at will, and perhaps also to increased excitement and .synipalhieo- 
adrenal stinudation constniuent to confinement. 

or A.SCK.VT 

Tolerance to anoxia is relattsl to the rale of jiroduction of anoxia in two 
nia.ior ways; through develojiment of compensatory mechanisms of the organism 
and through cuimdative effects oj' prolonged anoxia. "When animals are very 
rapidly exi)os(‘d to low a(mosi)heric pre.s.sures, limitations of the rate at which 
the body can lose o.xygen and the po.ssibilify of occuri’ence of aeroembolism are 
ahso involved. Ifcim and Armstrong” have re])orled an increase of about aO per 
cent in altitude tolerance as (he rate of a.scent is inci-cased from 100 to 30,000 
feet per minute. They believe (hat efl’ccts of anoxia ui)on (he central nervous 
system are greatest with rai)id production f)f anoxia, and that cardiova.scular 
effects arc greatest with slow ascents. It would follow that difteront types of 
drugs might exhibit different degrees of i)r(>phylaxis according to the rale ot 
production of anoxiii. Tests of lethal effects by difl'erent fcehniijnes of producing 
anoxic anoxia are of interest as an index of the jmssibility of aeroembolism. Dilu- 
tion techniques'- eompletcly avoid any po.s.sihility of aeroemohlism but present 
certain technical difficulties. Anoxia wa.s, therefore, produced in tlic decompres- 
sion chamber at five different simulated rates of aseenl and Iclhal effects of these 
different treatments were observed. 

Five groups of 20 mioc each were subjected to anoxia j>rodnccd at one of 
the rates noted in h'ig. 1. Curve A rcprc.seiil.s a simulated rale of ascent of ap- 
pro.ximately 15,000 feel per minute until an apj)roximale altitude of 37,000 feet 
^vas attained, followed l)y a slow a.secnt of about 100 feet per minute for ten 
minutes. Approximately oue-half of the mice died at a sinnilated altitude of 
37,500 feel, six minutes after heginning cxi)osui’e to anoxia. Curve B reprc.sents 
a simulated rate of ascent of about 1,000 feet per minute. One-lialf of the mice 
died at a pressure corresponding to 42,000 feet, thirly-eiglil minutes after begin- 
ning exposure to anoxia. Curves C and D represent rates of ascent coinciding 
with that of curve A until approximate altitudes of 11,000 and 21,500 feet, re- 
spectivelj', were attained. Tliesc levels of anoxia were then maintained for 
ten minutes, after which a further simulated rate of ascent of approximately 
2,000 feet per minute was begun. One-half of the mice so treated died at a 
simulated altitude of 37,000 feet twenty-three minutes after beginning exposure, 
and at a simulated altitude of 42,000 feet twenty minutes after beginning ex- 
posure, for treatments represented by curves C and D, rcsjwctively. Curve B 
represents rapid ascent to about 32,000 feet, maintenance of this level for ten 
minutes, and a further ascent at the rate of about 1,000 feet per minute. One- 
iialf of the mice treated in this way died at an a]iproximate altitude of 32,000 
feet, nine minutes after beginning exposure to anoxia. 

Curves A, D, and E terminate at the level at which the last animal of the 
group died. Tw’o of the 20 mice subjected to the treatment represented by 
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curve C recovered after exposure, despite brief apnea in both. Seven of the 20 
mice subjected to the slow rate of ascent represented by emwe B recovered after 
exposure. Comparison of the minimal pres-siires attained in the different treat- 
ments is meaningle.ss, since these pressures reflect the tolei’ance of only the mo.st 
resistant mice in each group. A more significant comparison is obtained by con- 
sideration of the levels of anoxia at which 50 per cent of the mice died. 

The above tests were made consecutively, under identical conditions of 
barometric pressure, humidity, and temperature, and all mice were of the same 
strain with identical pre-experimental care and diet. Tlie re.snlts indicate that 
aeroembolism is not a .significant factor as a cause of death under the conditions 
of the proposed test. After a return of mice to room conditions, even those sub- 
.ieeted to the most severe conditions noted in Fig. 1 .showed no gaseous emboli in 
vessels of the pia mater or in the abdomen. 



*' — Efft'Ct or .simulated rate of a.scent on tolerance of mice toward letlial effecLs of ano.xia 

t denotes point at which one-half of the mice died. 

The results also indicate that a simulated rate of ascent of 1,000 feet per 
mmiite is slow enough to permit various compensatory changes in mice but is 
rapid enough to avoid any marked cumulative effects of anoxia. 


PRETREATMENT WITH OXYGEN 

Thirty mice wore placed in an S liter scaled glass chamber containing 1 kg. of 
f^oda lime so placed that the mice did not have aece.ss to it. Dxygen was passed 
(Iirough the chamber at a rate of 2 liters per minute for ninety minutes. The mice 
Mere then placed in tlie deeompre.ssion chamber toiiether with 30 mice whieli had 
been ke]U under normal atmospheric condition.s. The pressure was quieklv re- 
duced to a simulated altitude of 20.000 feet and was held at tliis level for ten 
minutes. The pressure was then further reduced at a rate simulatinir an ascent 
of 2.000 feet per minute until an altitude of about 38.000 feet ivas attained, and 

) us degree of anoxia was tlien maintained. The total time of e.xi.osure was tiiirtv 
minutes. ' 
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T\vcn1y-one of llic 30 previously tintre.'ilerl iiiieo died from juioxin. wliileonly 
14 of Ihc 30 iiiieo ■\vliieli iweived oxy^'eji pi-ior (o exjnisiiro tlii'fl .AJlIioiijrli llu’s 
difi’oroncc in rnorlolily is larjre. it e.mnot i)e eonsidered as a statistically siKiiifi- 
cant diffoi'cnee sineo its p is "lasiter than 0.0."), 

Tlie I'ate at M-liieh oxy/joii wa.s .snp/ilied diiriji!:: the ju-etreatment period is 
cciiiivnlent to a eompleto ehaime of the atmosphere withiti the ehamher every 3 to 
3..') ininutc.s, or a total of 2fj to 30 eoiiiplete ehanyes in ninety ininiite.s. Undov 
thc.sc conditions apprceiahle deiuti-o^enation of the tissues oceiins. The siirnifi- 
cance of this in reirard to aerot'mholisin is fliseussed helow. Consideration of the 
factors involved in this experiment led to ohservation of effects of pivtvontnwnt 
with hcliuni-oxysen. 


fR/.TfU.'.VT.UI.NT WITH IIi:i.IfM-OXY(!i:S 

Thirty mice were treated in the same way as in the prcti'catnient with o.vyfren 
alone, c.xeepl that pure o.\ys:en was passed thi-outrh the ehamher at the rate of 2 
litei-s per minute for only thirty niijiule.s. The ehajnhei- was then rajiidly Hushed 
M'itli IS litei-s of helium, qiiieldy followed by 30 lifei's of a mixture of SO per cent 
Jielium and 20 per cent oxy<:en. Tim outlet tube from the ehamher was eIo.scd 
and the chamber was connected with a reservoir of piiro oxyixon maintained at 
atmo.sphoric prossuro, thus porinitlinf' the /lou' of oxvfzon at the rate at wliieh 
the soda lime within the chamber ab.sorbed carbon dioxide cxci’oted by the mice, 
mice were kept in this atmosphei'c of SO per cent helium and 20 i)er cent o.vyfren 
for one hour, durintr which period the chamber wji.s flushed three times with SO 
per cent helium and 20 i)cr cent oxytren in onJcr to romovo an.i- aeeiumdated 
nitrogen. 

The mice were then sub.ioetcd to anoxia in tlio deeomprc.ssion eiiatnhcr, to- 
gether with 30 previously untreated mice. Tlie procedure of producing anoxia 
was the same as with mice jirctreated with oxygen alone. 

Of the 30 control mice, 11 died during the exi)Osii)’e to anoxia while oid.v 6 
of the 30 mice pret rented with helium-oxygen died. Again this difi'erence in 
mortality is largo, hut it is not statistically significant. The implications of 
these data are disemssed below. 


DISCU.ssrON 

Factors which ma.v influejice results in the proposed test have been men- 
tioned, and their significance ha.s been appraised cxpoi-imcntall.v. Bod.v weight 
of young adult mice is not cori'clalcd significantly with rc.sisfance to anoxia. 
Therefore, groups of young adult mice need not he carefully selected within a 
narrow weight range for use in the lest. Ufassivc inti-apcritoncal in.icctions of 
.saline have little effect on tolerance to anoxia, so that control groups Jiced not 
receive amounts of saline equivalent to tho.se given as a solvent for the test agents, 
although this treatment Avith placebo injections in control mice is probabl.v 
desirable to render the degree of hydration more uniform in all mice. Jluscular 
restraint, as produced by two methods, fails to increase tolerance of mice to simu- 
lated high altitudes and appears markedly detrimental, at least under conditions 
of decompression which minimize excitement in mice alloAved the fj-eedom of the 
chamber. 
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The remaining factors involve tlie important question of the possibility of 
occurrence of aeroembolism in mice subjected to the proposed experimental tech- 
nique. If an appreciable numlier of deaths under the experimental conditions 
can be aseiabed to aeroembolism rather than to anoxia, these conditions olnionsly 
cannot yield a significant measni’c of prophylactic actions of drugs against lethal 
effects of anoxia. 

Effects of decreased atmospheric pressures upon the blood and spinal fluid 
have been studied intensively.®- Arm.strong® has pointed out that in man an 
acute exposure to deereased atmospheric pressure, .such as might occur in .sudden 
failure of a sealed cabin in aircraft at high altitudes, would re.sult in anoxia at 
altitudes below 30,000 feet, in aeroembolism at altitudes between 30,000 and 

63.000 feet, and in rapid vaporization of body fluids at altitudes above 63,000 
feet. In experimental observations, however, he® found that while goats may 
show the presence of nitrogen bubbles in blood during exposure to high altitudes, 
this phenomenon is not apparent in rabbits subjected to a simulated rate of 
ascent of 40,000 feet in forty seconds. With goats nitrogen bubbles appear in 
the spinal fluid at a simulated altitude of 18,000 feet, and increase as ascent 
is continued. Intracranial pressure simultaneously increases. 

Walsh and Boothhy'^ investigated effects of low atmospheric pres.sure on 
spinal fluid in man and found that exposure to simulated altitudes as low as 

10.000 to 12,000 feet elicits the appearance of fine bubbles “like those arising 
from champagne” and that these increase in size and number until an altitude 
of 28,000 feet is attained. On maintenance of this level for five minutes, the 
bubbles disappear. Intraspinal pressure increases progressively by some 3 cm. 
after the appearance of bubbles. Similar findings were observed in another smh- 
tect partially denitrogenated by prior exposure to an atmosphere of pure oxygen. 
In vitro tests substantiated these results. With a monkey, however, a roentgeno- 
gram did not disclose the presence of any accumulation of gas in the ventricles 
of the brain even after a rapid ascent to a simulated altitude of 40,000 feet. 

Fi’om these reports it may bo concluded that smaller mammals withstand 
lower levels of atmospheric pressure before exhibiting formation of nitrogen 
bubbles in blood and spinal fluid. This characteristic is probably related to 
different rates of elimination of nitrogen due to differences in circulatory rates. 
Thug^ in an atmosphere of pure oxygen, 95 per cent denitrogenation occurs 
"itbin two hours in dogs and four hours in man, and the circulatory rate of the 
dog is about twice that of man, exprc.ssed in tei-ms of blood supply per kilogram 
of body weight.'^ Extrapolation of results with rabbits and monkeys to mice 
appears justifiable, and the possibility of occurrence of aeroembolism in mice 
under the conditions of the proposed to.st would seem remote. Tiirce points of 
midcnee in the present study support this riew and suggest that there is no 
mzard of neroemboli.sm under the experimental conditions. A furtlier. thougii 
minor, confirmatory point involves the laek of a significantly demon.sti’able differ- 
ence in tolerance in adult mice of different body weight ; although thoiv may be 
no valid relative difference in amount of fatty tissue in large and .small mice, it 
IS I'casanablc to assume a difference in absolute amount of body fat and fnttv 
liKsuo acts as a reservoir for nitrogen, favoring acrocniboli.sm.‘ 
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First, consideration of the mortality of mice subjected to difierent rates of 
production of decreased almosi)Iieric pressure ri'venis that no cn’ccts definitely 
attributable to aeroembolism occur even witli the most rapid rates of .ascent. 
There is no sudden, lar»:e increase in lethal efl’ecls of exposure, to low prc.ssiire 
other than the moderate intluences related to failure of compensatory mechanisms 
antagonizing' anoxia. However, to minimize fiirthci’ any i)n.ssibility of aero- 
embolism, the propo.scd test utilizes .a jiarlial denit rogenat ion by exposure for 
ten minutes to a reduced pre.ssure easily tolerated by the mice; i.c., a plateau at 
10,000 feet. Absence of persistent acroemboli in vcss(*ls of mice after di'astic 
anoxic treatment, following return to normal almosj)hei'ic iirc.ssurc, does not 
prove tlmt acroemboli do not occur at the height of anoxia, but all con.sidcrations 
indicate that aeroembolism is not an imiiorlant factor even in mice subjected to 
rapid ascent. 

Second, exposure to ]uirc oxygen for ninety minutes before the mice arc 
subjected to anoxia rc.sults in a significant <lonil rogenat ion of the tissuc.s, prob- 
ably of more than 95 ]icr cent. .Such tre.alment do(*s not significantly reduce 
the lethal efl'ects of anoxia as produced in the i)roi)oscd test. Although tlierc is 
no recognized reservoir for oxygen .sjive llie simdl effect of complete sjituration 
of myohcmoglobin,’= minor jibysiologie efi'eets of iiretreatmenf with oxygen 
might be sufficient to explain the slightly increased tolerance of i)rctrcalcd mice. 
Certainly there is not tlio major difierence in mortality between j)rcti’catcd and 
control mice whieli could lie expected if aeroembolism were a nmjor factor in the 
lethal effects of the conditions to which the mice are subjected in the proposed 
test. 

Finally, pretreatment with helium-oxygen also does not significantly reduce 
lethal effects in mice. At atmospheric pre.ssurc helium is libei-atod from ti-s-sucs 
about twice as fast as nitrogen and. therefore, .should liavo le.ss tendency to be- 
come supersaturated in blood and ti.ssues during exposure to low pressures.’^ 
If aeroembolism were an important cause of death in the majority of (he con- 
trol mice exposed to the simulated high altitudes, prelrealmcnt with helium- 
oxygen should significa7it]y decrease tliis morl;dify. 

It is to be noted tliat tlic jmssibilily of an infrequent instance of aei'o- 
embolism occurring under the conditions of the ])roposcd test is not ruled out 
conclusively by any one of tlie three factors di.scn.ssed. Take?) togetlier, liowcver, 
tliei’e is a strong indication that aeroembolism occiiivs so rarely, if ;it all, under 
these conditions that it docs not invalidate interpretatiou of results ol)tained 
through a decompression technique as a true expi-e.ssion of tolerance of the mice 
to anoxia. 

SUJRIARY 

A standard test of effects of drugs upon lolorauce to anoxia is ju'oposed. The 
method involves exposure of large groups of mice to low atmospheric pressures 
produced by a rigorously fixed technique in a decompression chamber allowing 
adequate ventilation, with simultaneous exposure of an equal number of un- 
treated mice to the same conditions, and a comparison of mortality' in control and 
treated groiips by statistical criteria at the time 50 per cent of the control mice 
have died from anoxia. The function of this simple test is one of preliminary 
ox’ientation, to obtain a measure of relative efficacies of different agents in com- 
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liatiii" lctl):il ('fiVots of iiiioxin. l'’or roasoiis (lisciissod results ciuiuot be eonsidered 
appUeablc to therapy in man without furtlicr invest iirat ion. The influenee of 
certain variable fae1nr.s. ineludim: those which mi^rht afi’eet tlic jiossiblc occur- 
rence of aeroembolism, is studied. Tlie re.sults indicate that the lest mca.sures 
tolerance to anoxia and is not significantly affected by other factor’s. 
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(I. A. Emkicson, I’ll. I).. AND I'i. .1. V.\N hiKiii:. Kii.I)., ^I.O. 
•Moucastow.n, ^V. Va. 


E r'I'^JCCn'S oi' Jiuoxic on the- a<’livily of tlia aiifoiioiiiic m'rv(»ii.'< sy.stPiii 

Iiavo been .sinnniarize<i recently l)y oin* of ns.' 'J'lie bulk of the literature 
inclicate.s tliat moderate or .soveir ano.xia increases aeiivily of the thoracoluaibar 
division and evokes a di.scbar'.nf of epinephrine fi'oni the adrenal triand.s. The 
infineneo of ano.via on the civuiiosacral division is not as deal’, althoii'.di a coni- 
peii.satory stimulation midit be e.xpected even in the abseius! of direct effects- 
jMonge- de.scribed an increased activity of llie ocnlocai'tliae relle.N in ano.sic snb- 
.iects, and othcr.s whom he cites liave claimei] that efiects of atropine are 
diminished at liif,di allitnde.s. Try and Oellhorn' noted that in rabbits tlie 
tlircsbold for reflex m.vdriasis by .stimulation of the .sciatic nci’ve is increased 
ill anoxia, wliieh may be interpreted as an indication of increased inhibition 
Ihrougli the oculomotor nerve, (ias.sor and Loevenhart* found the eavdio- 
iiihibitory center less su.sceptible to anoxia than the vasomotor center, both in 
the primary stimulation and sub.seijucnt depression. On the other hand, there is 
a eontrovensy' as to whether tachycardia in anoxia is due to stimulation of the 
accelerator mechanism or to vagal dejiression. The recognized disturbance of 
sleep at high altitudes may iierhajis indicate in jiart a jircjionderance of ad- 
renergic over cholinergic stimulation by anoxia. 

Since the work of (iomez and Kike,' .several repoi'ls have emjihasized the 
relatiA'e resistance of autonomic ganglia to structural dama.irc by anoxia. Auto- 
nomic neurons arc much le.ss su.sceptible than the central nervous .system. Thora- 
columbar ganglia are more susceiitible than Auerbach's i)lexu.s to lo.s.s of function 
in anemic anoxia. Medullary centers controlling automonie activity are more 
susceptible than the ganglia, and i>rcsumably the higher “centers” are still more 
susceptible. 

Cats deprived of the larger jiart of their autonomic nervous system cpiickly 
die from degrees of anoxia ordinarily .subicthal.'’ Th.vroidectomy, ivliieh is said' 
to reduce susceptibility to anoxia, decreases the elTects of epinephrine and in- 
creases cholinergic re.sponses® while hyperthyroidism has the oppo.site effects. 

Binet and Strumza"’ and a few other oijservcrs have made direct studies of 
effects of several .sympathieomimetic amines at lethal levels of anoxia. The.se re- 
ports are considered in the diseu.ssion of the ])resent results. 

A comprehensive survey of proidijdactic actions of representative autonomic 
agents has been lacking and u'as, therefore, undertaken as a part of a series of 

From tlie Departments of Pharmacolog-J' and Pliy.slolog’}', AVest Virginia Unlvcrsltj' School 
of Medicine, Morffantown. 
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studios designed to yield :i prcdiiiiinury ovidiiatinn of cfi’cets of dilTcrcnt edassos 
of drujis in anoxia for direction of more intensive iihannacologic study ■without 
■^vliicli no clinical aiiplication of tlii' results should he made. ^Maximal cfTects were 
desired in the ])r('.s('nt work, and conclusions as to llu* effects of clinical doses in 
man are not necessarily .instifit'd. 


MKTIIOI) 

A standardized teehiu(ine of (|uantifyinir actions of drugs on lethal effects 
of anoxic anoxia was useil. This method has been studied critically.” In brief, 
it depends on the coinimrison of mortality in groups of treated and control mice 
simultaneously exposed to identical conditions of anoxia produced in a manner 
which, we believe, avoids all such factors as aeroembolism which •would invalidate 
the results. 

Forty-one agents acting on the autonomic system or closely related to agents 
which do so -were tested with small groups of mice. In 14 instances results were 
sufficiently suggestive to .instify study with larger groups. The agents are 
di\-ided into six classes, five of -which are noted in Tables I to V. The sixth group 
is that of adrenergic sensitizers, of which cocaine was taken as the sole example. 


Tabu; I 

ErrECT or fjYMP.VTiiETic Stimci.axts axi> I{Ei..ma> .\(!K\t.s o.v Kesista.vce to Axoxia 


AGE.VT 


I’lionetliyliiniino hydrochloriilc 
Phenethanolaminc .“ulfato 
l-Ephedrine liydroflilorirle 
d-Pseudoepliedrine liydroi'liloride 
Hordeninc sulfate 
Tyramrae (free base) 

Propadrine liydrocddiiriile 
dl-Xorephedrino liydroeldnride 
'lJ'^-“®edenorepliedrinc Iiydroeliloridc 
dl-Phenisopropylaminc sulfate 

1-Plieni.sopropylamine sulfate 

d-Plienisopropylainine sulfate 

Epinephrine hydrochloride 
Mescaline hydrochloride 
,"^*|'J'droxj-phenylalanine phosphate 
cthylaminomethylheptene hydrochloride 


DOSE 

(MG./KO.) 


MOr.TAMTY RATIOS 


TREATED MICE 


oO 

10/20 

9/20 

.50 

8/10 

.5/10 

23 

9/10 

4/10 

25 

7/10 

4/10 

50 

0/20 

9/20 

25 

2/10 

5/10 

25 

10/10 

5/10 

25 

9/10 

.5/10 

25 

9/10 

.5/10 

10 

50/50 

11/50 

2 

12/30 

5/30 

0.2 

18/30 

9/30 

10 

47/50 

11/50 

2 

(5/30 

5/30 

0.2 

1.5/30 

9/30 

10 

50/50 

11/50 

2 

16/30 

5/30 

0.2 

11/30 

9/30 

0.3 

26/30 

28/30 

50 

5/10 

4/10 

100 

7/10 

5/10 

50 

9/10 

.5/10 


COXTROL illCE 


Table II 

Erreerrs or Sympathicolytic Agext.s ox Ee.sistaxce to Axo.yia 


‘ ^ 

AGEXT 

DOSE 

(MG./KG.) 

ilORTALI^ 

ry RATIOS 

Ergotamine tartrate 
lohimbine hydrochloride 

Eiethylaminomethylbenzodioxane hvdro- 
chloride 

jperidinomethylbenzodioxaBe 

i^dospermine (cn-st., Fraude) 

5 

1 

10 

10 

1 

5 

6/25 

3/10 

.5/10 

.5/25 

21/60 

6/10 

6/10 

15/25 

6/10 

6/10 

15/25 

24/60 

4/10 

6/10 


702 


THK .JOUIIN'AI. 01' bAHOUATOKY AND CMNlOAIj MKIHCINK 


Tamm: 111 


Kyry.i-r or pM:.\syMi’Ariii:ric Ktimi'i-asts asp UKt..\ry.i> Anysr^ os liy.sisTAScy. to Anoxia 


AdKST 

AvOSA’, 

(MO./lCd.) 

MOIITAI.ITA’ IIATIOS 

Tiir.ATKii Min: 

<nsTnt)L Mici: 

.■\i-('tA'lcli(ilin(’ iodiile 

go 

.')/10 

■1/10 

(';iil):imiiioA’li'lioliiie cliUiride 

r> 

:!/lo 

n/io 

.\cetA-l hrtii iiiclliA'Iclioliiip 

10 

r./io 

•l/IO 

iV'eiirine liroiiiiile 

10 

o/lO 

■1/10 

I’livsoijU^miiin RalicA'lutp 

1 

g/is 

'V-c 


0..'i 

■I/go 

7/go 

I’ro.'itigiiiine met livisiilfute 

o.r, 


l/go 


0.1 

■i/g(> 

7/g<) 

PiHU’Urpilio hydrochlorido 

5 

;!/io 

■1/10 

.Aremline In'drnliroinirip 

1 

•I/go 

.s/go 

Itclaiiic chloride 

1,000 

7/10 

iVIo 


Taiii.k IV 


Krm'T OF PAi!Asv.Mi>A'riii(’()i,VTirs a.vii I{i:i.ati;i> Aoir.vr.s' o.v Ifr.sisTA.vct; to Anoxia 


AOr.NT ! 

1 

PO.SK 

fMC./KO.l 1 

1 MOUTAI.ITV K.ATIOS 

TUF.ATEO MKT, 1 

Cfl.NTItOf, .A(IfT 

Atropine sulfate j 

•1 

1 i/;:o 

5/:!0 


«) 

(!/10 

5/10 

Ilyo.'icyiiiiiiiie .xiilfiitc i 

♦ > 

lo/.-io 

r,/r,n 

l)ul>ni,«inc .<5iilfate | 

»» 

O/IO 

.5/10 

Ilyo.scine hydrolironiido 

O..'! 

r,/it) 

5/10 

Ilninafropinc hydrochloride 

5 

7/10 

(t/in 

Enoatrofdiic hydrochloride j 

10 

s /10 

0/10 

Trascatiii 

ir. 

r>/so 

0/10 


Taiu.k 


EfFEC'TK of AOF.NTH A<'TlN(i ON AVTOXoMIC OaNOI.IA on llKRISTANCF. TO Anoxix 


AGL'N'T 

iKjsv: 

^ror:TAr.n 

TKEATEI) .MICK 

SBS88H 

Nicotine (free ha.sc) 


■mHanaQumiii 


L'dreliiic sulfate 




.Sljartciac .sulfate 1 





All agents Avere admin istei’e<! iiilnuKTilonoally. Tliosc witli jiroloiiged efteet 
Avere giA'cn tliirty to sixty inimites hefore exjio.siirc of the mice to anoxia, AA'hile 
agents xA'itli brief duration of action A\-crc giA’cn Avithin ten ininntcs of exposure. 
Lethal degrees of anoxia are not attained nntil .some forty mimites after begin- 
ning exposure AA’ith the method used, hoAvcA'cr, so that results A\’ith short-acting 
agents must be intei’preted cautiously, 

RE-SULTS 

Tables I to V present detailed re.sHlts of treatment AA’ith different classes 
of agents affecting the autonomic ncrA’ou.s system, and Table VI is a summai'y 
of tliese data XA’itli the addition of resnits AA'itli cocaine Avliich haA'c been reported 
preAUOu.sly.’* The mortality ratios signify the number of mice d.A'ing from anoxia 
dixuded by the total number of mice exposed. Mortality ratios for untreated con- 
trol groups simultaneously exiioscd to anoxia are noted to the right of the corre- 
.sponding treated groups. These bear no relation to mortality ratios of other 
control groups, since aiAoxia AA’as terminated at different lex’els for different pairs 
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Taiii.i; VI 

Sl'MMAUY ov Viv'KKin's i>v <»' A<;KN‘TS <<N Kksiktan'i'K TO Akoxia 



MOI-.TAt.lTY ItATIOS ) 

l-KP. rKXT 

MOKTAMTY 

niioui’ 

ti-.k.atkii 

CONTUOLS 

THKATKI) 

[ CON'Tr.OI.S 

Svmpatliicomimctic ngent.-; (Table I) 


l(’>S/.-j(IO 

0S.4 

ri.'i.o 

Svnu'atliotie Fonsiti/.or (rocaine) 

i:!/2n 

11/20 

0.5.0 

55.0 

Svmiiatliicolvtic. agenl.-; (Table 11) 

rii/i.')0 

70/ MO 

.•’,4.7 


Ergotannae, vobimbiae. and SSPiE 

I'VVo 

■12/70 

27.1 

on.n 

(Table 11) 





I’arnsynipatbieomiiiielie and related 

.->7/1 da 

.IS/lOO 

.':7..'! 


agent;; 





Ciiolinc o.-tor:! and neurino (Table 111) 

is/in 

17/40 

4.').0 

42.5 

Other parasvmjiatlu'tic stinuilants* 

17/SS 

:!.')/90 

10.0 1 

:is.9 

(Table 111) 



1 

.IS.S 

Parasympatldcolvtie.-; and tra.^entin 

.7S/120 

4. VI 20 

4S..1 

(Table IV) 




42.5 

Ganglionic agents (Table V) 

J-S/.IO 

17/40 

.15.9 


•Plivsostipmine, pilocarpine, arecollne. and prostigpiine In a do.se or 0.1 mg. per kilogram. 


of treated and control sirouiis and the resislaneo of mice to anoxia i.s not constant 
on different days.’- 

Folloiving exjiosure to anoxia, the survivors were observed for tiventy-fonr 
iioiirs. No late effects of anoxia in treated mice were recognized. 

Statistical treatment'-'’ of tlie combined data in Table VI demonstrates a 
significantly harmful effect of adrenergic and para.sympatbicoli'tic agents, and 
significant prophylactic effects of sympathicolytic agents and those ivitli pro- 
longed cholinergic effects. Short-acting cholinergic agents, those acting on auto- 
nomic ganglia, and the adrenergic sensitizer, cocaine, had no significant effects. 
The propriety of treating the combined data statistically may be questioned, but 
it is supported by the findings for individual agents. Significantly harmful 
effects were found for ephedrine, benzedi'ine, and its optical isomers, and 
propadrine, while significant prophylaxis was found -with physostigmine, ergot- 
amine, and the sjuithetic sj-mpathicolytic, 8S3F. Other agents -with similar 
actions would probably show significant effects if larger groups of mice were 
used. 

DISCUSSION 

A brief consideration of the properties of the individual agents is desirable, 
since none has a single, pure action on the autonomic nervous system. In several 
mstances, lack of conformity with the general trend of the results is due to the 
short action of the agents in question. Otherwise, conclusions reached through 
consideration of results ufth groups of agents are generally supported for in- 
dmdual agents; that is, those Avith stronger adrenergic or parasAunpathieoh-tic 
activity tend to decrease resistance to anoxia more strongly, while cholinergic 
und s}-mpathicolA-tic properties tend to prcA-ent lethal effects of anoxia. 

Adrenergic and related substances. Kesults with epinephrine and the 
isomers of benzedrine have been taken from preA’ious reports’-- ” in Avhich their 
pertinent properties are adequately discussed. The sympathicomimetie action 
of epinephrine is the greatest of the agents studied, but this action is brief. 
Further, discharge of epinephrine from the adrenals at lethal levels of anoxia 
Avould make it unlikely that additional epinephrine or other SAunpathicomimetie 
agents would have desirable effects. Despite this improbability, ephedi-ine. 
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norepliodrino, ])seiul()iior('i)lic(lrinc. ;m<l iR’iimlrijii; are claiincd''- to delay 
rcspii'atojy i'ailiirc in dojrs .siil)j(“ct«*d In rnlniiiiatiii"’ anoxia. None lias propliy- 
laclic value nndpi- tlie I'resenl ex|)ennu*nlal ennditions. ,Syn()j)hrinp, wliieli is 
stronjrly adrenergic, is considered unsuilahle'' for (he theraj)y of mountain sick- 
ness. Tlie.se ob.servations einiihasize that agents wliieli may he of temporary hcnc- 
fit in treating fulminating anoxia do not neee.ssarily liave any projihylaetie value 
and may aetnally he harmful if used for prophylaxis. study’- of proiihylactie 
efl'eet.s of 32 re.spiratory stinnilants eonfirms I Ids. ( 'onver.sely, agent.s such as 
alcohol vitli aiipisadahle projiliylaetic activity are not neee.ssaril\' suited for treat- 
ment of anoxia.’” 

Phenethyhuuine exerts mainly nieotine-liUe actions while jihenellianolaniiuo 
has a more purely adrenergic action.” ]*sendoe[)licdr3ne is weaker than 
ephedrine in most of its symjialhieominietic eflecls and is .said to he a myocardial 
stimulant while e])hedrine is depre.s,sant in full do.se.*' Jlordenine cau.se.s vagal 
stimulation in .small do.se and jiaralyzes llie vagus center in large do.se hut has 
definite adrenergic activity.*' Tyramine may he considm-ed as an adrenergic 
sensitizer .similar to ephedrine; its eflVet in anoxia is not statLsIically significant. 
Norephedrine and iiseudonorejihedrinc together constitute propadrine, of which 
the commercial preparation contains also a small amount of ammonium chloride. 
Despite the empirical use of ammonium chloride as a prophylactic against nioun- 
taiii siclaie.s.s, propadrine is not less harmful than cither of its fractioius. 
Jlcscalinc shares with honzedrine an enhanced activity on the central nervous 
system, but its effect in anoxia is not significant, although the stronger central 
stimulant i.somer of benzedrine is significantly moi'c harmful than the weaker 
isomer at one dose level. 

Diliydro.xyphenylalanino, “dopa,” has no api)rcciahlc adrenergic properties 
hut is related to the j)henolie .symj)atIiicomimetic amines. Under the conditions 
of anoxia used, the redox functions of these agents are not of sufTiciently long 
duration to act at lethal levels of anoxia. Oct in. an aliphatic amine, has greater 
spasmol 3 '(ic and less pre.ssor cfTcct than the true adrenergic agents, and its action 
in anoxia indicates that hronehodilatation is not an important factor in proph.v- 
laxis. 

Sympaihicohjtic aycnis. The fii-st three agent.s in Table II paral.vze 
adrenergic functions for a relatively long jjeriod. The two dioxanc derivatives 
act as mild narcotics in doses of 10 mg. per kilogram. Aspidospermine is a weak 
S 3 Tnpatliicol 3 die and causes pulmonaiy edema and h 3 ’percmia.’’ 

Cholinergic and related substances. Tlie eholinc derivatives and neurine 
have a transient action. The remainder of (he agents in Tai)lc III. except lietaine. 
cause prolonged cholinergic effects. Plysostigminc is most effective in anoxia 
in a dose within the lethal range, but prostigi7iine appears definitel.v liarmful in 
high dose. Betaine is Avholb’ inert as to cholinergic activit 3 ', hut its chloride is 
strongly acid and is included as a control for the other salts used. 

Belladonna group and trasentin. Although none of Dicse agents has a sig- 
nificant harmful effect in anoxia, there is a close I'clationship between the para- 
S 3 Tnpathicolytic potency and the detrimental effects in anoxia. Stimulant effects 
of these agents on respiration possibly^ mask tlie full effects of peripheral pa- 
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ralysis of the (M'aniosaeral nerves in anoxia. Ilyoseine apparently docs not act 
as a stronir rc.siiiratory depres-sant in anoxia, aiul it i.s of interest that an an- 
tagonism of the rcsiiiratory effects of hyoscinc and inorpiiine iias been noted 
elinically.'' Propertii's of tlic five eoinnionh- u.scd lielladonna alkaloids need no 
further exposition. Duboisine is varioii.sly described as equivalent to hyo- 
scyaniine,'" or to a mixture of hyoscyamine, hyo.scine, and minor alkaloids.-'^ 
Trasentin. or dij)henylaee1yldiethyIaniinoethanol hydrociiloride, is not para- 
sj-mpathicolytic but is included as a control for the spasmolytic effects ot the 
group. It may be noted that its effects in anoxia differ appreciably from those 
of octin. 

Ganglionic agents. In addition to effects on autonomic ganglia, these agents 
have marked central effects, mediated in part through the carotid sinus mecha- 
nism. The resultant respiratory stimulation is brief. Thus, lobeline may be 
of some value in treatment of asphyxia neonato)-um but is not prophylactic in 
anoxia. Sparteine affects autonomic ganglia but also potentiates epinephrine.-^ 
It acts as a myocardial poison and is included since it has been used clinically 
in conditions in which anoxia may occur; i-e., asthma and cardiac disease. 

SCJIMARY 

Certain cholinergic and sympathicolytic agents have significant prophylactic 
actions against lethal effects of anoxic anoxia in mice, while adrenergic and para- 
sjTnpatliicolytie agents tend to increase the lethal effects. Other classes of auto- 
nomic drugs are without appreciable effect. Differences in the therapeutic and 
prophylactic efficacies of individual agents arc discussed. 
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COMPARATIVE TOXICITY OF PENTOBAHEITAI; IN THE NEWBORN 


AND ADULT RAT® 


li. Etstkx, F. a. D. Aekxanpku, anp H. E. IIimwicii 
Auiaxy, N. Y. 


D ECENT .studios Iitivc disclosed tliiit ncwltoru rtits, do^s, ctit.s, tiiid rabbils 

exliibit tm e.xlraord inary tolerance to ano.xia’ produced by the inhalation 
of pure nitrogen, lielitnn, or carbon dio.xide, or by the volatile narcotics, nitrous 
oxide and cyclopropiinc. The iidult rat. usually dies vithin it jicriod of tliree 
minutes ivhen respiring cither pure nitrogen or these depre.sstint drugs, tvhereas 
tlie nevvborn of the stiino species survives for a])proxiniatc]y fifty minutes in 
nitrogen and nitrous oxide, and twenty-five minutes in cycloproptine and carbon 
dioxide. The newborn rats are also relatively resistant to alcohol- and to the 
acute lethal effects of morpliine.^ On tlic otlier liand, tlie newborn appears 
relatively more sensitive than the adult to the nonvolatile dcpres.sant drug, pento- 
barbital. Rosenfeld and Snyder, and Windle and Becker' have shown that 
the barbiturates depress the re.S])iratory efforts of the fetus more than those of 
the pregnant mother. In view of the discrepancj' between the tolerance of the 
newborn to anoxia and the volatile anesthetics and the susceptibility of the fetus 
to barbiturates, the present comparative studies of the susceptibility and re- 
sistance of the newborn and adult rat to pentobarbital sodium Avere made. These 
observations include fetuses and pregnant rats near term. 

In an effort to dctei’mine the mechanism of the action of barbiturates, the 
effect of pentobarbital on the survival time of the newborn in nitrogen and 
nitrous oxide was examined. 

METHOD 

Rats 1 to 2 days old and mature animals were injected intraperitoneally with 
various concentrations of pentobarbital. The tolerance of the neAvborn was 

•From the Departments of Anestliesia and Physlologi' and PliarmacolOBV. Albany Medical 
College, Union University^ Albany, N. Y. 
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eominiml with Hull of liu' iidc.It ;iniio:il "ivcn an ctiuivaieiit concontration of 
bi'irhil urate. In tliis luannor llie lethal ilose for the newbfirn aiul the adult was 
doterniincd. Cc.ssation of res]nration and inability to evoke respiration Avere 
taken as the criteria of the lethal effect. 

Prciiuant rats Avere sul).ieeted to A'arions concentrations of pentobarbital. 
After allowini: sufficient time for the absorption of the dru". cesarean section 
was done in order to study the effect on the fetus. One rat already in labor 
Avas injected Avith an anesthetic dose of pentobarbital, and the fetuses Avere ob- 
sei'A'cd after expulsion from the uterus. Infant rats subjected either to anes- 
thetic or lethal doses of pentobarbital were placed in an atmosphere of pure 
nitrofren. The survival time of these ncAA'born vats Avas com]iarcd AA'ith that of the 
uninjected litter mate controls. Other infant rats aa-Iio bad received lethal doses 
of pentobarbital Averc injected Avitb A-arious concentrations of metrazol to de- 
termine the combined eft'ects of both driiirs on i-espiratory depre.ssion and surviA'al 
period. A control study Avas made to a.seertain llie tolerance of the neAA'born 
for metrazol. 

Table I 


Sup.A'iAWL Pnr.ioii or XEAvnnns .\kii R.vts Inmecteb With Pestob-akbital fO.1%) 


XO. OF 
ANIMALS 

.\r,r 

GROUP 

PEN'TOBARBITAI. 

(MO./OM.A 

RESULTS 

AAXRAGE SURATVAL 

TIME 

fi 

XoAvbnm 

0.8 

3 died 

.30 minutes 

4 

Xowbom 

0.3 

4 died 

35 minutes 

4 

XoAvbom 

0.4 

4 died 

45 minutes 

20 

XoAAbom 

0.T 

to died 

GO minutes 

S 

Xowbom 

0.2 

8 livefl 

Anesthetic dose 

1 

Aflult 

0.2 

1 lived 

Xo ane.sthesia 

• 1 

Adult 

0.3 

3 lived 

Xo anesthe.=ia 


Adult 

0.4 

3 lived 

Surgical anestlie.sia 

G 

Adult 

0.5 

<! lived 

Surgical anesthesia 

1 

Adult 

O.G 

1 died 

32 minutes 

1 

Adult 

0.7 

1 died 

30 minutes 


RESULTS 

Table I reveals that 0.3 ni". per gram of body Avcight of pentobarbital is the 
minimal fatal dose for the rat 1 to 2 days old. Sixteen of 20 neAvbom animals 
died after an aA'erage suniA-al period of sixty minutes, Avith a range of thirty 
to ninety minutes. All of 8 neAA'boni animals receiA'ing 0.2 mg. per gi-am sur- 
ATA'ed, Avhereas 4 animals receiving 0.4 mg. per gram all died A\ithin fortA--five 
minutes. The minimal fatal dose for adult rats of our colony is 0.-5 mg. per gram 
of body Aveight. Each of 6 adult rats rccemng this dose died after an aA-erage 
suvA-ival of thirty minutes. Adult rats reeeiA-ing 0.3 mg. per gram Avere not even 
anesthetized. Those reeeiA'ing 0.4 mg. per gram exhibited a short period of 
surgical anesthesia. In Table II is disclosed the sensitiAuty of fetal rats to pento- 
barbital. Three pregnant rats received pentobarbital in doses ranging from 0.3 
mg. per gram to 0.4 and 0.5 mg. per gram of body Aveight. TAventy-nine fetuses 
Avere born spontaneously or Avere delivered by cesarean section fourteen minutes 
after the injection of the drug. All fetuses died from ten to forty minutes after 
the deliA-evA', and the extrautei-inc surdA-al time decreased AA'ith increasing dosage 
of pentobarbital. In contrast all the mothei-s AA'ith the exception of one Avhich 
rceeiA-ed 0,5 mg. per gram survuved. 
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TAiti.i; II 


Em:('TK nr Pr.vTnnAntiiTAr, on' Fktai. IfAik 


xo. OK rr-KO’ 

KANT KAT.^ 

rEXTOBAU- 

BITAI, 

(MCi./OM.) 

iMiofnivrni: 

NO. OK 
KKTrsKS 

nnsn-TS ; 

1 

St;i:VIVAL 

rr.iaon or 

FETrSE.S 

1 

n..3 

O'i-.'iri'an si'otion i 

0 

!i ilicd 

•in ndniitc.i 

1 ! 

0.1 

(V'iinrcan Fwlion 

10 

10 iliod 

10 minutes 

1 

n.D 

nftrr di'iitli 

10 

JO (lied 

10 niimif('? 

1 

0.3 

1 Spoil t.'iBcoiis delivery 

■1 

3 died 

•!.'» minute? 


Taiiu; III 


ErrrcTs or PrNTonAnniT.M. (O.lCr a.vh 0.:'.%) ant* Anoxia o.v Si'iivival I’minn or A'lAvnnn.v 

Pats 


NO. v>K Ni:\viionN 

KATS 

I’EXTOBAiailTAI. 

(Mn./r.M.) 

AOr.NT 

Er..sri,T.s 

AVEEAOE .SfCVIVAL 
TIME 


0.1 

Xilrogcn 

3 dii'd 

.')0 minute.s 

3 

n.i 

Xit rolls oxid(> 

.3 died 

aO minute.? 

o 

0.1 

Xitrogen 

2 lived 

•to minute.? 

(1 

0.3 

Xitrogori 


2.1 minutes 


A rat Avliich had dolivored + of hor feliiscK was iii.jocfod wifli f).3 nijr. pPi" 
gram of ponloharhital. Eiglifocii ininufos after liic injection one fctn.s was horn 
spontaneously. It exhihited no signs of respiratory deiirossion and .survived. 
Three fetuses horn from forty-five to ninety minutes after the injeetion were in 
apnea. Respirations could not he evokeil and all '} died. Table III pre.sents the 
data on infant rats placed in an atmosphere of nitrogen or nitrous oxide after 
receiving 0.1 mg. per gi-am, an anesthetic do.se, or 0.3 mg. jier gram, a lethal dose, 
of pentobarbital. Si.\ newborn rats receiving the lower dose survived for fifty 
minutes either in nitrogen or nitrous oxide. However, the infant rats with the 
larger dose survived on an average only twenty-five minutc.s. 


Taiii.i; IV 

ErrncT.s or Metkazoi, (in Pki: Ce.n'T) o.v .'Si-kvivai, I’emod or Xewiioex Kat.s 


NO. OK NKWBOn.V 
UATS 

.MKTRAXOI* 

(mo./gm.) 

KKKK.CT 

r.KSULT 

6 

5.0 

Convulsion 

0 died 

5 

4.0 

Conmlsion 

5 died 

5 

3.0 

Sliglit convulsion 

5 lived 

5 

2.0 

Sliglit convul.sion 

5 lived 


Table IV shows the results of the experiments made to determine the lethal 
dose of metrazol for newborn rats. Five animals injected with 3.0 mg. per gram 
of body weight exhibited mild convulsive movements and survived. With larger 
doses 4.0 and 5.0 mg. per gram the animals died as a result of the severe con- 
vulsions. 

Table V 


Effect of Pextobabbital (0.3 mg./Gm. Body AVeiout) and AIetbazol (109t) ox SrnvivAi. 

Pef.iod op Newboun Eats 


NO. OF NE^KBOR^’ 
RATS 

METKAZOR , 

(MG./GM.) i 

INJECTION TIME AFTEIl 
PENTOBARBITAE 

RESULT 

5 

7.5 i 

20 minutc.s 

5 lived 

5 


15 minutes 

5 lived 


4.0 

22 minutes 

5 lived 

5 

3.0 

35 minutes 

5 lived 
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Talilc V piwiit.s tlia f-nVf'ts of various ooiK’oiitralion.s of malrazol on infant, 
rats 'rTivon a lotlial floso of pcntfiltarltilal. Tf luay 1)0 soon fliat 3.0, 4,0, and o.O Toy. 
per pram of niotrazol suooi's.sfiilly anlayonizo loilial flo.so.s of jjonloijai'bital, 

DISCtrSHION 

Tn oontrast with tlio oxtraoifliiiary toloranoe of llio no\vl)orn rat 1o tlio voia- 
lilc ano.stliolics, nilifuis oxide ami r-yelojiropatie, tiio infant rat both anto jjarfuni 
and post partiim is laoi'e sensitive to j)ent*»bari)ital tlian is its inotlior. Tlio Jiow- 
i)om rat died with a dose of 0.3 niir. per yram ami the adidt. will) O.a inp. ])or pram. 
Pcn(ol)avbilaI dopresse.s tho resi)iratory eentors so that, tho animal oannot bo 
rcsnscilatod and dic-s from anoxia. Sineo tiio newborn rat is more tolerant of 
anoxia than is the adult, tho preater sensitivity of tho infant rat to barbiturate 
cannot, he explained simiily by tho anoxia prodneod as a lesiilt of tho depression of 
res7)irntion. The meehanism which normally facilitates tho survival of the new- 
born rat durinp anoxia depends ui)on the anaerobic splittinpof oarbohydrafo with 
the formation of lactic acid.'''' It is true that nonfatal do-ses of barbiturate do 
not shorten the .survival period of tho newborn j-ats in an atmosphere of nitroyon. 
However, a fatal dose of iicntobarbital t0,3 my. jioi- yi-arn) which permits tho 
infant rat to survive for sixty minutes in air cuts down tho survival period in ni- 
trogen to twenty-five minutes. This is half the period in which tho infant rat oan 
snrv'ivc in pure nitrogen. It would, therefore, seem that pentobarbital inhibits tbo 
mechanism for tlie ,'inaerobio produotion of energy from earbohydrato. One x^ath 
of the breakdown of earboiiydrate involves a sei-ies of tho same intomiediatos 
from glucose to the fomation of pynivio aoifl irre-speotive of tho ju'osenoc or 
absence of oxygon. Pyruvic acid, however, is then either oxidized to earhori 
dioxide and water, or in the abseneo of o.xygen is converted to lactic acid. It 
would, therefore, seem that pentobarbital interferes with .some stage in glneo.so 
metabolism before the formation of pyruvic acid. In any case lactic acid forma- 
tion is not increased by the barbiturates.* Quastel and Wheatley" have previ- 
ously indicated that barbiturates dcpre.ss aerobic sources of cerebral energy, 
The present evidence reveals that barbiturate's proljably also inhibit the anaerobic 
breakdown of carbohydrate. 

Though the newhom rat is susceptible to jjontobarbital, it is able to witb.slanfl 
a lethal dose with the aid of metrazol. The mutual antagonism between the two 
drugs is emphasized because the dose of metrazol u.sed Avould have been lethal 
for an animal that had not received pentobarbital. 

co.vonu.sro.v.s 

I- The newborn rat is more suseepfible than the adult to pentobarbital both 
ante part.um and i)Ost parturn. The lethal dose for the newborn rat is 0.3 mg. por 
gram, and for the adult 0.5 mg. per gram. 

2. Evidence is afforded indicating that pentobarbital inhibits the develof)- 
tnent of the anaerobic energy rerptired for survival in the absenee of oxygen, 

3. Do.ses of pentobarbital and metrazol, which when given singly are lethal 

may .TOcecssfuIly antagonize each other and facilitate snn-ival whenVdrnini.stered 
^ogotner. 
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SPECIES OF THE TPIBES AlIMEAE, NIHSSEIHEAE, AND 
STKEPTOCOCCEAE WHICH CONFUSl-: THE DIAGNOSIS 
OF GONOHIHIEA liV SMEAPS* 


Gi;oii(ii; G. Di; Hord. ITi.J)., W.\.suiNO'i'ON, D. C. 


F orty yeiii'.s nfro ;:i',-iiii-iK\i>'alive {lipiocoeei J'i'oiii .spititil Iliiids-’ or coti.innc- 
tivili.s" were coii.siclerecI iiieiiiiitfocoeei. Siieli .slaleiiietils wore I'cftilcd^ at tlic 
time and since then it Iitis Iteen proved (piile eonehi.sivcly by oilier invcsli- 
gators*"'’' that diplocoeei oilier titan llic nieningocoeei can can.se a nieningiti-s. 
Also during that time grain-negative diplocoeei in smears from eon.iunctivitis 
and vaginitis liave been considered gonococci, nllJiongli gram-posilivc diplocoeei 
wliicli lose llie Gram stain, lacto.se-fcrmcnting rods wliicit appear micro- 
scopicall.v to be gram-negative diplocoeei," and a sjtecics of flie genus Nei.sseria 
other titan the gonococcus in a rape case’® iiavc boon reported. Tlic investiga- 
tions of Rossiter” on .Samoan conjunctivitis were probaltiy tlic first wiiicli proved 
definitclj" that a gram-negative diploeoccus indislingnisiiable from tlie gonococcus 
in smear iireparalions was present in one typo of conjunctivitis. This con- 
junctivitis had been diagnosed previously by smear preparations as gonorrlictil 
despite tlie fact tliat venereal gonorrhea was not known on the island at that 
time. 

The present investigation was undertaken to study the flora of conjunctivitis 
and vaginitis with special refei-ence to the gram-negative diplocoeei. The cases 
studied included the iieAvborn; children with conjunctivitis; girls of prepnberty 
ao'e both normal and those with varying degrees of vaginitis; and one case of 
conjunctivitis in an adult male. 

^rom the District of Columbia Department of Health. 
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The iiiccliuin used for isolation was a eliocolatc agar made from Difeo 
proteose peptone No. 3 witli o jier cent eil rated human blood. Later rabbit 
blood was .sub.stitutcd for human blood. Concentrated sugar solutions in dis- 
tilled water were sterilized at lb jiounds prc.ssure for fifteen minutes and added 
aseptically so that the final dilution in broth wa.s 1 per cent. Acetone was used 
as the decolorant in the Gram stain. All media which Avere not used as they 
came from the autoclave were incubated for twenty-four hours before use- A 
.sterile cotton swab Avas used to obtain the specimen Avhich Avas streaked immedi- 
ately oA’er the plate. Each type of colony, Avith some duplications, AA'as examined 
microscopically for gram-negative diplocoeci. The examinations for Neisseriae 
were made by the oxidase test Avith dimethyl-p-phcnylcnediamine. Many species, 
especially gram-negatiA'c rods, giA'C this test, Avhich makes it essential to examine 
the colonics microscopically and culturally for the correct determination of the 
species if gram-negative diplocoeci be present. This confirms the Avork of 
Gordon and ^IcLcod'' and Price.'’ 

One hundred and forty-seven cases AA'cre studied. These included 41 pa- 
tients Avith purulent conjunctivitis but did not include many other ea.ses in 
which the eyes shoAved a mild discharge Avith a few intracellular or extracellular 
gram-negative diplocoeci in the direct smcai’s and no species of Neisseria on the 
plates. Of the 41, 10 Avere infections with Neisseria gonorrlweae, two cases 
shoAved Neisseria catarrhalis, and one shoAA-ed Neisseria fttlvaJ* The one adult 
male case shoAved Neisseria intracellularis. This species was shoAAui to be serotj-pe 
I when typed by Dr. Sara Branham of the U. S. Public Health SerAUce. Twelve 
eases showed species of the tribe Mimeae,'^ of AA'hich two were Herellea vaginicola 
and Colhides anoxgdana. Species of the remaining cases Avere not classified ex- 
cept to shoAv that Neisseriae Avere not present. 

Forty-nine cases shoAved vaginitis. FiA'e were infections Avith N. gonor- 
rhoeae. N. fulva was isolated once, three cases showed N. catarrhalis, and nine 
cases showed species of the tribe Mimeae, tAvo of which were Mima polymorpha 
var. oxidans and one AAms C. anoxydana. The species of the remaining cases were 
not inA'estigated further than to shoAv that no species of the genus Neisseria was 
present. 

In the group of 57 clinically normal cases, many showed an occasional intra- 
cellular or extracellular gram-negative diplococcus in the smear. One case 
showed Neisseria gigantea,^* two shoAved N. catarrhalis, and 24 cases showed 
Mimeae of which two were Mima polymorpha, two were M. polymorpha A-ar. 
oxidans, and one each of the species H. vaginicola and C. anoxydana. 

DISCUSSION 

The presence of gram-negative diplocoeci AA'hich Avere not Neisseriae Avas 
found hy a systematic search. This Avas done by making a stained smear of every 
type, AA'ith some duplications, of colonies on the plate. Those species which ap- 
peared to be gram-negative diplocoeci were then studied culturally. The visual 
examination of the colonies is not sufficient because it is not possible to differenti- 
ate Mimeae, many forms of the gram-positive diplocoeci, and many forms of 
the diphtheroids by their colonial characters on plates. The three tribes. 
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A'ekst'Z'je.'io, .Sfi’Cjitoeom'.'io, .-md Miincin', I'rjii'c.scnlcf] liy tlit; 'loiiera Ncksoria, 
i\linia, lloi'ollea, Uolloklos, jiikI tlio {xniiu-jto.sitivo dijilococci whirli Iwid to lose 
tJio stiiin Avorc i'ouiul to lie piTsruf in conjunctivitis and vaginitis. All tlic.se 
species are eillicr true gniin-negativc diplococci or have fonns which are gram- 
negative diploeocci. 

The presence of .species of the genus Xcisscria other tliaii .V. (fouerrlKHdc 
inu-st be considered wlien diagnoses arc niadc upon (lie liasis of iiiorjihology. 
While these sjieeies are relatively le.ss inijiortant when judged by the niiinhcr 
which have been found in conjunctivitis and vaginitis, the po.ssibility of their 
pre.sence is one factor which must be consideri'd when evaluating the reliability 
of smear examinations. Tlie iire.sence of A', inlracilluhtris in the one case coiilil 
have been detected only by cultural methods, tlicroby enhancing those methods 
in conjunctivitis. K. iniraccUuhtris and X. fulva were jircscnt in ])ractically 
pure culture in hotli cases in whieli they occurred. The pre.S’cnce of N. (/iyaiiica 
could explain flic .statements in the literature that .sonic cultures of the gono- 
coccus showed large forms. The inability of X. <ii(junic(t to ferment sugars would 
not permit its pre.sence to be recognized as u contaminant of cnlfilrcs of X. 
orrJiocac because tlic fermentative reactions of A*, ffounrrhoaic would not be 
changed. Only the microscoiK* would reveal the larger form. X. calanMh 
and N. (ligantca wore present in relatively few numher.s in the ease.s in which 
they were found. 

A second groa{i of minor importance is the gram-positive diploeocci ivhich 
tend to lose the Gram .slain. Seluibert and Toenges' included certain .strepto- 
cocci in tin's group al.so. These species may he in'csent in either vaginitis or 
conjunctivitis. The number of case.s iin-olvcd is low, and a systematic .soareli by 
staining smears from many individual colonics on tlie plate i.s neccs.sary to fmd 
those Avliicb doooloi’izo, altbough they do predoniinalc occasionally. The grain- 
positke diplococci wliicli lend to lose the stain cannot be differentiated on the 
plates from those Avhich do not decolorize because their colonial charaelci-s arc 
the same and lho.se whicli do not decolorize may be present in large numbci's in 
vaginitis and conjunctivitis. The pairs of cocci which liavc decolorized are 
identical in appearance to the gonococcus when the size is the same. 

The most important group is the Iriltc Alimcae. The prevalence of this 
tribe complicates the microscopic picture to .such an extent that if is izzjpm'aiivc 
to use cultural methods to obtain a true evaluation of the flora. 

Since the microscopic picture of the species of the tribe Jlimeae is identical 
to the genus Neisseria, except N. gUjanlca, all .species of the tribe interfere in the 
diagnosis of gonorrlica by smears and M. pohjmorj)ha var. oxidmis can inter- 
fere in the cultural method Avhcii tests are made presumptively' by the oxidase 
test for the presence of Neisseriae. 

The question of pathogenicity with these species cannot be answered cate- 
gorically because Koch's postulates liaA-e not been fulfilled with fhe origiJia) 
animal, the human being. Tliere ai-e, liowever, several points indicating Ibat fbey 
maA' be primary or secondary im'aders. First, the diplococeal form is the more 
prominent at the primaiy isolation and the diploeoccus/rod i-atio’‘ falls upon 
artificial cultiA’-ation. Second, extensiA'e animal inoculations have not been done, 
but species having low diplococcus/rod ratios injected intraperitoneallj' in rela- 
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lively large numbci’s liavc been recovered with bigb ratios from tbe lieart blood 
of the iniec after death. Third, in conjunctivitis in the newborn where the data 
can be obtained, the infection arises very consistently from the fifth to the 
seventh day after birth and has pei’sisted for as long as two months. Fourth, 
a change from an unhuffered silver nitrate solution to a buffered one used in 
the eyes at birth reduoed the number of ca.sc.s materially. Fifth, with all other 
supporting evidence lacking, pathogenieily might be a.ssumed when only one 
species is present in the infection. This condition has not always been true, but 
in the cases with N. intracdhtUiri!;, X. fulvn, and some of the ^limeae in con- 
junctivitis, also with N. fulva and one case with M. poJyviorpha var. oxidans in 
vaginitis, the number of colonics of other species on the plate was negligible. 
It was noted that tbe species of ^limeac with greater fermentative powei-s, some 
of which haA'c not been described, were more prevalent in conjuncthutis and 
vaginitis than those of the genus ilima which does not ferment carbohydrates. 
Proof is lacking whether this might be due to a greater pathogenicity or merely 
accidental eircumstances. ^Vhether any of these species are pathogenic or not, 
they constitute important sources of error which confuse the diagnosis of gon- 
orrhea by smears. 

■ As a result of the probable presence of one or more of the three groups, 
jMimeae, Neisserieae, gram-positive diplococci which tend to lose the stain, it is 
impossible to make logical comparisons between direct smears and cultures in 
conjuncti^utis and vaginitis. In the smear's the gram-negative diplococci of 
the three groups are not differentiated from the gonococcus, rods and filaments 
cannot he used as a basis for determining the presence of the pleomorphic 
ilimeae, and gi-am-positive diplococci would not prove whether it was a species 
that tended to lose or retain the stain. There is, therefore, no criteinon which 
would indicate the presence of these species in stained preparations, and it would 
be entirely possible for a diagnosis of gonoiThea to be given from a smear prepa- 
ration in conjunctiAutis or vaginitis, even though a pure culture of either jMimeae 
or gram-positive diplococci which tend to lose the stain was present. The 
jMimeae, with the exception of M. polymorpha var. oxidans, and the gram-po.s- 
itive diplococci which tend to lose the stain would not be detected by the ox- 
idase test on the plate, and their presence could be deteimined only by a sys- 
tematic search for gram-negative diplococci. 

The statement that the gonococcus is difficult to groAV may be explained by 
the presence of one or more of the tribes, IMimeae, Neisserieae, Streptoeocceae, 
which show as gram-negative diplococci in stained preparations but could not 
be detected readily on the cultural plate unless a systematic search were insti- 
tuted for them. Neither the presence of gram-negative diplococci in a stained 
smear nor the oxidase reaction on a plate proves the presence of X. gonorrlweae. 

SUMM.VRY AND CONCLUSIONS 

From the 147 cases of eonjunctirttis, vaginitis, and normal i-aginas, jMimeae 
were isolated forty-five times; gram-positive diplococci, which tend to lose the 
stain, six times; and Neisseriae, excluding the gonococcus, eight times. The 
total, 59, represents about 40 per cent in which real or apparent gi-am-negative 
diplococci were present which can be mistaken easily for Xeisseria gonorrlweae. 
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As a result o£ this invest ijrat ion it is felt that the identifieafion of N, (jomr- 
rhorac by smears in eonjunetivitis or vapinitis is not .iustified. 

Aplil'i'clulldH is f’Npri'ssi'rl 111 I>c. i.Viirpi- Hilliliirn), lli'iiltli Oflli’fr of lln’ DistrliT of 
Columblii, wlio liiis iiuidr tliis lnvi‘>tlt;«tliin (ini-'iiftili- lu" lii« rii'nicntlinn niiil Itili’ii'st. AcUtiowl- 
vdenicnts nro duo Dr. jl. II. I.oillor r<.ir Iil.i man)' coiifloslioi and callabaratlori. 
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EFFECT OF ETHYL ALCOHOL INTOXICATION ON THE 
DEYELOPiHENT OF LOCAL INIH^AJOLITORY 
REACTIONS IN THE RABBIT 


R. H. Riguon, ilKMi>in.s, Tuxx. 


P IOKRELL' in 1938 revietved the literature on the effect of intoxication on 
infection and immunity. He states (hat “wJiilo it is rather generally agreed 
that infected intoxicated animals die sooner than similarly infected, nonintox- 
icated ones, it is fair to say that very few of the studies have been adequately 
controlled. ... No satisfacloiy explanation has as 3 ’ot been established for any 
resistance lotvei’ing effect tliat alcoholic intoxication maA’ exert. ’ ’ 

From an experimental study made upon a large series of rabbits, PiekrclB 
concludes that "alcoholic intoxication maintained at the point of stupor, de- 

»From the Unfversitj' of Tennessee, Department of Patliolog)'. Aleniphis. 
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stroys resistance to pncuinococcal infection. . . . The loss of resistance to infec- 
tion appeal's to he due to the fact that intoxication profoundly inhibits the vas- 
cular inflammatory response. ... In the absence of capillary dilatation and 
margination of the leucocytes, leucocytic emigration at the site of infection is 
ncgligilflc. ... In what manner intoxication acts to prevent the usual inflam- 
matory alterations in tiic capillaries is at present obscure but that it does so 
is clearly evident.” 

Cressman and Rigdoir studied capillary permeability and inflammation in 
narcotized rabbits and found that ‘‘capillary permeability in areas of inflam- 
mation is altered in rabbits narcotized with alcohol or ether, as demonstrated by 
the localization and concentration of trypan blue. . . . There is also a marked 
diminution in the number of leucocytes in the areas of inflammation in the skin 
in the narcotized rabbits.” Tlic observations of Cre.ssman and Rigdon, there- 
fore, are similar to those of Pickrcll; however, neither have explained adequately 
the mechanism of this phenomenon. 

Rigdon and associates have recently demonstrated that capillai-A' perme- 
ability and inflammation in the .skin of the rabbit may be affected by changes in 
the blood pressure ; that is, when the pressure is abnormally low, the macroscopic 
and microscopic changes characteristic of inflammation either fail to appear or 
they are markedly decreased in the skin. It has been suggested that the 
peripheral vessels in the skin become constricted following the loss of blood,® 
sectioning of the cermcal portion of the spinal cord,^ and in staphylococcus sep- 
ticemia in the rabbit.® The blood apparently does not circulate in the small blood 
vessels in the skin of these animals since the skin becomes pale, cold, and clammy. 
This absence of a normal circulation apparently may account for the absence of 
a leucoejdic reaction about various irritants when they are injected intra- 
dermally into the animals. 

Alcohol in large amounts will produce a lowering of the blood pressui-e.® 
This change in the pressure apparently may result from the effect of the alco- 
hol on the heart. In view of our present knowledge of the effect of lowered 
blood pressure on the development of an inflammatory reaction in the skin of 
the rabbit, it seems important to restudy the effect of ethyl alcohol intoxication 
on the development of the inflammatorA- reaction in the skin of the rabbit. Ob- 
servations are also made on the development of the inflammatory process in the 
rabbits’ intestines since the circulation here apparently remains intact while 
that in the skin may become either markedlj' decreased or even absent in severe 
intoxication. 

JIETHOnS AKD materials 

Adult rabbits, varj-ing from 1.5 to 2.5 kg. are used. The skin over the 
abdomen is carefully shaven twenty-four hours or longer before the experiments 
are begun. A 20 per cent dilution of ethyl alcohol is given through a .small 
catheter into the stomach. Each rabbit is gi^-en 80 e.c. of alcohol, and smaller 
quantities are given subsequently if necessarj' to obtain complete anesthe.sia. 
The blood pressure is recorded at intervals from the carotid arterj*. 

Four-tenths cubic centimeter of a tAA'cnty-four-hour broth culture of 
staphylococci arc injected intradermally usually six, four, and tAvo hours before 
the rabbits are killed. An incision is made in the abdominal wall; the inte.stines 
are exposed, and 0.4 c.c. of the broth culture is injected into the waU of the colon 
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of some of tliose ]-al)l)its. Tho iiiiiiuiils arc killed from two to six lioiu-s following 
the injection of the staphylococci. The areas of ti.ssne injected with the cnlturc.s 
are removed and fixed immefiialely in a If) per cent .snlnlion of formalin. 
ParafTin section.s are }irej)arcd and they are stained with heniainxylin and cosin. 

To study the effect of alcoliol intoxication on eaiiillary i)ernipahiiily, the 
abdomen of a group of rabbits is exposed to infrared radiation.* The light is 
placed 10 inches away from the skin. Immediately following the application of 
the light, 10 c.c. of a 0.2 jnn- cent solution of trypan blue are given intravenoii.sly. 
This dye localizes and concentrates in the skin around the margin of the ir- 
radiated areas in normal rabbits and also in the coils of inte.stines that lie im- 
mediately beneatli the portion of abdominal wall that is irradiated. The blood 
pressure is recorded from the carotids in the.se animals. 




‘ to _ JL' 




I 

»” T ® fv '* J 

f- ->.■ ; S' " *■ 


f*. r- 










n., 




.4 * 

'‘.''■^.■■•4 . - * ILM 

‘X 

'i-', ' 

'*■ -V 



C'-'v " 



Fip. 1. — .4, Hnbbit 31P2. Normal rabbit, 0.1 c.c. of tu*ontv-four-ho\ir broth culture Injected 
Intradermallj' fiix hours before section removed. Tlicrc 1.*? a dllTuso JnflUratlon of polymorphonu- 
cloar loucocyte.s in the coriiim. Rabbit 3213. Rabbit plvcn 70 c.c. of 20 per cent alcohol nt 
8:40 A.M. ; blood pressure SO at 0;50 a.m. ; 0.4 c.c. broth culture of intra- 

dermally at 10:20 a.m. ; blood pressure 60 at 1:00 r.M.. and 40 at 4 ' .' ' ' ' ' 

4 :S0 P.M. TIjc corium is jnflltratcd ivith Jx'icteria ; but there are n . ' 

area. 


As a control for this e.\pcrimeut on cainllaiy permeability one group of 
rabbits is given pentobarbital inlravcnoush'; a second group is unanestiietized 
except for using 1.0 c.c. of a 1.0 per cent solution of novocaine in the neck be- 
fore putting tbe cannula into the carotid artery. Infrared irradiation and 
ti'A'P*''!^ given in a manner .similar to that in the experimental group. 

The presence or the absence of tiypaji bine in the skin is recorded. Tlie rabbits 
are killed at intervals varying from thirty 7ninnfes to four hours following tlie 
injection of the dye. 

^The infrared lamp Is supplied by tlio Burdick Company of Milton, AVisconsin. It is type 
Z-70, Zoalltc. 
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I.OCAIAZATION OK KOCYMOHI'HONI'CI-KAU I.KCCOCYTKS: AIlOUT STAITIYLOCOCCT 
IN.lKCTK.n INTKAOK.UMAIAA' IN NOUMAI, ANO INTOXICATKO IlAmilTS 

Five iiorniiil rahiiil.s arc injected intradennaliy with tiie hrotii culture of 
staphylococci. Edema and hyiioremia develop around the site of the injection. 
Polymorphonuclear leucocytes infiltrate the tissues within a period of two hours. 
The number of leucocytes rajiidly increase durinq; the subsequent four houi’S 
(Fig. 1.1). 

Sixteen rabbits arc given alcohol. When completely anesthetized, a cannula 
is put into the carotid artery and the pre.ssure is recorded. It is usually de- 
creased at. this time from the normal of 100-120 mm. Hg. The pressure may con- 
tinue to fall or it may be necessary to give a second dose of alcohol in order to 
lower the prc.ssurc. The bacteria are not injected until the pre.ssure reaches a 
level of approximately TO mm. Ilg or even lc.ss. The macroscopic reaction in the 
skin apparently is proportional to the level of the blood pre.ssure. When the 
pressure is approximately CO mm. llg, the edema and hyperemia are markedly 
reduced. There is c.ssentially no macroscopic reaction when the pressure is either 
50 mm. or less. Hi.stologically the number of pohunorpbonuelear leucocj'tes are 
proportional to the level of the blood pre.s.sure. When the pre.ssure is either 50 
mm. Hg or less, there are essentially no polymorphonuclear leucocytes about the 
clumps of bacteria (Fig. IB). 

localization of POLYMORI’HONUCI.EAR LEUCOCYTE.S ABOUT STAPHYLOCOCCI 
INJECTED INTO THE WALL OF THE COLON OF RABBITS INTOXIC.ATED 
W'lTH ETHYL ALCOHOL 

In the previous experiments it was shou-n that poljTnorphonuelear leucocj'tes 
fail to localize and to concentrate about groups of staphylococci in the sldn 
of rabbits intoxicated with ethyl alcohol when the blood pressure is abnormally 
low. A group of six rabbits are given a quantity of alcohol equal to that given 
to the animals in the preceding experiments. Staphylococci are injected into 
the wall of the colon and into the skin of these rabbits. The blood pressure is 
recorded during a period of four to six hours subsequently. When the pre.ssTire 
is abnormally low, there are no macroscopic evidences of inflammation in the 
skin. There are macroscopic evidences of inflammation, however, in the in- 
testines about the point of injection of the bacteria. Histologically, there are 
no poljTnorphonuclear leucocytes about the bacteria in the skin, although many 
leucocytes have infiltrated the wall of the intestines about the point of injection 
of the bacteria (Fig. 2). 

The results of this experiment indicate that intoxication per se is not the 
direct cause of the failure of leucocj'tes to localize and to concentrate about 
collections of staphj-lococci. If the bacteria are in the wall of the colon, the 
leucocj'tes localize and concentrate in a manner similar to that in an unintox- 
icated animal. Furthermore, the resTilts .suggest that the reaction in the skin 
is direetlj' affected by the level of the blood pressure. When the pressure is 
abnormally low, the skin becomes pale, cold, and clammj', indicating a disturbed 
circulation in the peripheral vessels. The blood flow through the intestine of 
the same rabbits apparently is not similarly decreased. PoljTnorphonuclear 
leucocytes continue to localize and to concentrate about staphylococci as thev 
do in an unintoxicated rabbit. 
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ODSKRVATIONS ON CAI'IM,AItV rKK.MKADir.lTY IN Till: SKIN AND JNTKSTINKS 

OJ- INT0XICATK1> IIADIUTS 

III unpublislicd oxix'rinu'iits h luis been found iJial inf rami riuliation when 
applied to the skin of a normal raliliit for live iiiinules produces both macro- 
scopic and inicroseo])ic evidences of inllaininalion. Similar patho!o<rie eliaiiges 
also occur in llie wall of the intestines. Trypan Idne in.jeeied intravenously into 
these rabbits localizes and ooneentrates in both tlie treated areas of skin and in 
the intestines. 



Fie- 2.— Rabbit 1213. Same vabbit ns .sliown In Kip. I /?. 0,1 c.c. of tin.- I)i'otli riillure of 

•Staphylococci wa.s Inlecteil Into the wall of the colon .six hours hefore the rahhit wa.s hillcil. 
There are many leucocytes innitratlng- the area. 




SO C.C. of alcohol at 0 ;30 A,^^. Blood pressure SO at 
it 11:10. Infrared light is applied for nve minutes to 
India Ink at 11:20; 10 c.c. of trypan blue are given 
light. At 12:00 tliere Is no trypan blue in the skin, 
beneath the treated area of skin Is dark blue in color. 


v:™ 3._Rabbit 129-1. Rabbit given 
in-lO BO at 10:30, 35 at 11:05, and 30 a 
skin of abdomen in area outlined with ] 
fntravenously immediately following the 
but the portion of intestines immediately 
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In tbo study of llic cfi’cct of akohol intoxication on capiWavy permeability 
six rabbits arc jiivcn alcobol. T)ic blood pressure is recorded. Ir\ hen it is ab- 
normally low ( a])])roxiinatcly aO mm.Hg), the infrared lamp is placed over the 
abdomen for a period of five minutes. The macroscopic reaction in the skin is 
insignificant. The animals arc given trypan blue intravenously immediately 
following tbe irradiation. A minute amount of the dye localizes in the skin of 
some of the rabbits; however, no dye localizes in the skin of the majority of the 
animals (Fig. 3). The coils of into.stines beneath the site of application of the 
light becomes blue in every rabbit (Fig. 3). 

Three rabbits are given pentobarbital in a quantity sufficient to produce com- 
plete ancslbesia. The blood prc.ssurc is recorded from the carotid. It is 80, 80, 
and 85 in each of the three animals. Infrared is applied to the abdomen. Tiy'pan 
blue is injected intravenously. This dye localizes around the peripheiy of the 
area of skin treated and in the underlying portion of tbe intestines. The normal 
blood pressure in a second group of three rabbits is determined before the infra- 
red irradiation is applied. Local anesthesia is used (1.0 c.c. of 1 per cent novo- 
oaine) for the operative procedure neee.ssary to put the cannula into the carotid. 
The pressure in these three rabbits is as follows; 90, 90, and 95. Trv-pan blue 
localizes in the skin and in the intestines of each of these rabbits. These two 
groups of rabbits are controls for the above experiment and show that this dye 
will localize in the skin provided the pressure has not reached the abnormally 
low level of 50 mm. Hg. 

The results of this experiment show that tiy-pan blue may fail to localize 
and to concentrate about areas of injury in the skin of rabbits intoxicated with 
ethyl alcohol ; however, this dye always localizes and concentrates in tbe intestines 
of each of these intoxicated animals. 

DISCUSSIOX 

The results of this experiment confirm the obsen-ations of PickreU,^ and 
Oressman and Higdon^ that alcohol intoxication may completely inhibit the de- 
velopment of an inflammatory reaction in the skin of the rabbit. The data sug- 
gest that this phenomenon does not result directly from the effects of alcohol 
upon either the leucocytes or the local blood vessels. The circulation in the skin 
apparently is markedly' reduced in intoxicated rabbits, and as a consequence of 
this tri-pan blue and pohunorphonuclear fail to localize in the skin of these 
animals. The fall in blood pressure, the rapid rate of the respirations, the cold, 
clammy skin aU indicate that a diminution has occurred in the blood flow through 
the peripheral vessels. 

The circulation in the intestinal tract during intoxication is not affected 
similarly to that of the skin. Capillary permeability here is increased, and 
leucocytes localize about foci of bacteria the same as they do in a normal rabbit. 
Edmunds and Gunn® state that large quantities of alcohol lower the blood pres- 
sure by weakening the vasoconstrictor centers and the heart muscle. In a series 
of experiments it has been sho-wn that a leucocj-tic reaction fails to occur in the 
skin of rabbits with a low blood pressure.^-^^ The results of the present experi- 
ment are consistent with these observations upon capillary permeability and the 
development of local inflammatory reactions. 
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Sr.MMAltV 

Polyniorjiliomielpar Ipucncyjos fail to locnlizo and to concontratp. about 
stapliyloeocei in tho skin of raldiifs intoxif-atorl witli ctliyl aicobol wlion tlip blood 
pressure is a])nornially low. 

LciU'oeytcs eoncontralo about stapliyloeoeci injected into the eoloii of the 
same into.xieaied animal. This variation in the reaction in the .skin and the colon 
may re.sulf from the lowered pre.ssure prod»iced by alcoiiolie into.xieation. ^^hcn 
the pressure is lowered, the skin be<'omes cold and clammy, sujrpestin'r that the 
peripheral circulation is markedly decreased or eomidetely inhi!)ited. The circu- 
lation in the intestines apparently remains intact. 

Capillary permeability as shown by the localization of trypan blue following 
an intravenous injection is alrscnt in areas of injured .skin in rabbits intoxicated 
with ethyl alcohol. It is jiresent, however, in the injured areas of intestines of the 
same inloxieatod rabbit. 
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ALCOIIOl.ir; CIKRTIOSTS OF THE ETVER 


A Ct.iN'iCAL ANn ]’ATUoi.nr,t(; Sti-dy or SoG Fatai, Casks .Ski.kcted Froa[ 

12.267 Xkckoiasirs 


•1. D. KiH.sMiiArM. and Norman Shure, ]M.D. 

Chkwco. Ti.e. 


OINCE 1826 when Laennee adctinatoly dc.seril)cd cirrhosis of the liver, it has 
been observed and rccoiinizcd, Avilhont nmch difficulty, both clinically and 
pathologically. However, the observation of increased connective tissue stroma 
in livers of varying Aveights, sizes, .sha])cs. eoloi-s, and histologic architectures 
has proA’oked a certain amount of confusion in the nomenclature. As a result, 
in common usage today arc such tci-ms as atrophic cirrhosis, liA-pertrophic 
cirrhosis, multilobular cirrhosis, portal cirrho.sis, biliarA* cirrhosis, Laeimees 
cirrhosis, Hanot’s cirrhosis, hobnail liA’cr, alcoholic cirrhosis, gin drinker’s liver, 
toxic cirrhosis, Wilson’s disease, Banti’s disease as Avell as many others. 

Broadly, cirrhosis of the liver is merely a condition in AA'hich the connective 
tissue stroma is increased. Any stimulus to fibroblastic proliferation may 
eventually produce a AA-ell-markcd cirrhosis. HaUory' lists four conditions under 
^’hieh the fibrobla.sts of the liver stroma prolifei*ate : 

1. To replace any AA-hich haA-c been destroyed as a result of 
abscess, infarcts, syphilis, colon bacillus infection, etc. 

2. FolloAving mechanical injury (stretching), as in chronic 
passive congestion and bile stasis. 

3. To organize fibrin, as for thrombi in .sinusoids. 

4. To form stroma for islands of regenerated liver cells and for 
tumor nodules. 

It is apparent that the number of agents AA’hich may initiate the ultimate pic- 
ture of cirrhosis is very large and for that reason the question “Is cirrhosis of the 
liA'er a disease entity?” is often raised. 

The great majority of cirrhotic liA^ers fall into four major groups and can 
be classified as folloAA’s ; 


1. Toxic cirrhosis 

2. Biliaiy cirrhosis 

a. Obstructive 

b. Infectious 

3. Pigment cirrhosis 

4. Alcoholic cirrhosis 

a. Periportal cirrhosis 

I. Atrophic form (small Ih-er) 

II. HA-pertrophic form (large Ih'er) 


nnri Department of Pathology. AA'oodlan-n Hospital 

«na the Department of Medicine, University of Illinois. 

Received for publication, August 13. 1942. 
tFormerly of the Department of Pathologj- of the Cook Connt.v Hospital. 
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b. Fatly eirrhosis (hyporlrophir form) 

(Lni fro amount of fat aiul lit 111 * or no filirosis) 

Though this olassifieation does not inelude every type of sejerolie liver known, 
nuniy of Avliieli arc exeeedinely i-ai‘e, it does encompass I lie commonly known 
types and docs, more or less, enuform to tlic nomenclatures and classifications of 
other invest igators.-"’"" 

Toxic Cirrhosis. — This occurs after necrotizing lesions of the liver paren- 
chyma and may follon’ acute infections, such as acute yellow atrophy, repeated 
attacks of catarrhal jaundice, 'Weils disease; or it may he tiie result of the in- 
gestion of such drugs as cinehophen or ai-senic. 

Biliarii Cirrhosis. — The obsli-uclivo type is associated with obstruction of 
the biliary passages by stone or tumor; the infectious type begins as an ascending 
cholangitis. The.sc two types frecpicntly co-exist. 

Pif/mr.-nt Cirrhosis. — In hemacliromalosis, often called ‘‘bronzed diabetes ’ 
bccau.se of the as,sociation of the typical coloring of the .skin with glycosuria, the 
cirrhosis of the liver is merely one of the manifestations of a generalized condi- 
tion. Fither as a result of Die liver-cell necrosis or as a result of the irritation 
of the iron iiigment collected around the iicrijihcry of the lobule, there is an Jielivo 
macrophage and fibroblastic proliferation from the iierijmrtal connective ti.s.suc. 

Alcoholic Cirrhosis. — The term “alcoholic cirrhosis’’ is an ai’bitrary one 
and, perhaps, not n very good one. To limit the diagnosis of alcoholic cirrho.si.s 
to those ca.ses in which a definite history of chronic alcoholism is given, as Bolc.s 
and Clark® do in their rciiort of autopsy material from the Philadelphia General 
ITospital, we feel is too strict. 7’hc fatty ciri-hosis is conceded by most investi- 
gators to be of alcoholic oidgin. I'he Ijacnnee cirrhosis is the tyjie that has been 
called “alcoholic” for over a liundrcd years. There is a third type of alcoholic 
liver, the so-called “hyiicrlroiiliic fatty form.” It is large, tense, and loaded 
with fat. The liver is swollen and greasy; it may appear granular due to the 
subsurface lobules being distended with fat (sec Fig. I). This type of liver 
usually shows little or no sign of fibrosis and is ob.servcd in young people between 
30 and 40 years of age. This form is usually lai-gcr than normal, .smooth in con- 
tour, and weighs about 3,000 Gm. It may, liowevcr, be lobulated and nodular, de- 
pending upon the amount of connective. tissue pre.sent. On cutting it is found 
to be greasy yet resistant. 

Periportal eirrhosis is the tyijical i)orlal cirrhosis which was desci’ibed by 
Laennec. The liver may be large or .small, smooth or granular. The thought 
that it is larger in its early stage and becomes atrophic has been di.scarded. The 
noxious agent which initiates the ciiwliosis is thought to cuter the liver by way 
of the portal blood stream. The adjacent liver cells are damaged and connective 
tissue proliferation results. Tlio newly proliferated connective tissue may become 
condensed and sclerotic, producing the small, hard, hobnail liver. Because of 
obstruction to the portal circulation, ascites develops, the spleen becomes en- 
gorged, the mucosa of tlie gastrointestinal tract becomes congested, and attempts 
at the establishment of a collateral circulation to compensate for the decreased 
venous bed are apparent. The presence of a caput medusae on the anterior ab- 
dominal wall and the frequent hemorrhages resulting from rupture of dilated 
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and varieoso veins in llie lowc'V esn])ln\t;us ai'c typically jn'oducts of this common 
type of cirriiosis. 

The association of civrliosis of the. liver with alcohol is still a dehatahlc point. 
Attempts at the ])rodnetion of cirrhosis experimentally with alcohol have not 
heen successful, thon<rh it is believed that alcohol may he an accessory factor 
in the production of cirrhosis due to bacterial infection. In attemptin" to 
produce experimental cirrhosis by the use of agents which might jjossibly exist as 



vr — Photomicrograph shows (A) low-power field from a h3T)ertrophic fatty liver. 

jNote abundance of fat and ver>’ narrow periportal septa. B, High-power magnification. The 
uver cells contain large fat droplets and the nuclei are displaced to the periphery*. 

impurities in alcoholic beverages, iilallory was successful only Anth the use of 
copper. The recent work of Connor'-® on the development of fatty livers in 
chronic alcoholism and the development of cirrhosis in fatty livers is interesting 
Following the work of Himwiek and Fazekas on liver metabolism in diabetes, 
Connor is of the opinion that in alcoholics there is a similar deficient carbohA'drate 
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utilization. Becauso of tl )0 action of alcoiiol as a cell aiui tissue toxin llierc is 
a definite deficiency in cai-lioliydrate niclaliolisin and fat oxidation. In .starvation 
or a carboliydrate-jioor diet, sncli as is coiiitnon in many alcoliolic.s. stipar is with- 
held from the metabolic cycle, ft has been sliown tliat in experimental diabetes, 
in .starvation, and in ahmholic into.xieation the rc.spiratory quotient of the liver 
is lower than that of the liody as a whole or when fat alone is beinfr eonsiiniecl. 
In aleoholie.s it is probable tliat a eonditioii similai- to that of diabetes Ls procluccfl 
and bccau.se of insuftieiently ulilizcil carbohydrates there is a pilin" up of 
unoxidizable fat witliin tlie liver cell. 

The development of (>irrhosis in a fatty liver, Connor slate.s, is the ro.siiU 
of pre.ssure of the liver cells distendetl with fat upon the .sinu.soids. The sinusoids 
become collap.sed and a thiekeninp: of the wall of the sinusoids is an early feature. 
The thickening of the walls with the formation of collagenous material jiromotc.s 
a reticulum jiroduction about the liver cells which have degenerated as a result 
of anoxemia. Fibroblastic proliferation follow.s. The interlobular stroma like- 
wise is often stimulated to jiroliferato by the mechanical jire.ssure of the distended 
liver lobules. Connor believes that the transition from a fatty liver to one of 
cirrhosis with very little or no fat is a result of the decreased carbohydrate intake 
an alcoholic assumes when his liver begins to iirovoke gastrointestinal .s-yniptonif>. 

Our material consists of the neeroji.sy records of .‘loG eases of fatal alcoholic 
cirrhosis occurring in 12,2G7 eonseeutivo autojisies perfornn'd at the Cook County 
Hospital from January 1, 1920, to July 1. 1939, inclusive. 

Incidence . — There were 3.50 ea.s'cs of cirrhosis, constituting 2. S3 per cent 
of all our eases. This coiTcsjKmd.s to Malloiy's report of 2.2 per cent, but is 
higher than the incidence reported by Mcnne and Johnson," or Evans and Gray."’ 
It is somewhat lower than the incidence in Jajian rciiorted by Suzuki.” The 
yearly variation of cirrhosis of the liver, wc believe, is significant (sec Table !)• 
Starting from a high level for 1929, there is a steady drop, reaching a low point 
in 1932. I’h’om 1933 there is a steady staggered rise. Though we are very 
reluctant to conelude from iiosl-mortem records that a disease which may last ten 
or tu'cnty years before resulting in death was Ic.ss jirevalent during a seven-year 
period, we cannot hel]) noticing the regularity of the curve of yearly incidence. 
It can hardly be a coincidence that the curve is downhill until 1932 and ha-s 
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I.VCIBK.VCE OK CHUUIOSIS 


VEAn 

AUTOPSIES 

c'n!iino.si.s 

PEK CEXT 


955 

2S 

2.93 

1930 

9SC 

21 

2.13 

1931 

1,114 

25 

2 

1932 

1,207 

21 

1.74 

1933 

1,192 

31 


1934 

1,300 

35 


1935 

3 ,170 

40 

3.40 

1930 

1,242 

38 

3.0G 

1937 

1,1G7 

52 

4 .45 

1938 

1,327 

45 

3.39 

1939 

GOl 

20 

3.35 

(6 months) 




Total 

12,267 

35G 

Avg. 2.83 
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been risiiic^ since. Thi.s peciilinr level of incidence of a decrease until the \cai 
of the repeal of the ^ivohihitinn aincndincnl, followed by a steady rise, corre- 
sponds to the results of Evans and Gray’'* in their report of 17,874 autopsies at 
the Los An"cles General Hospital, and tliosc of Boles and Clark'^ in their report 
of 4,000 autopsies at the Philadelphia General Hospital as well as the opinion 
of Rowntree,’* who collceted statistics from several institutions and public health 
agencies. 

Sex . — Of our cases 244, or 68.5 ])er cent, were males, and 112, or 31.5 per 
cent, were females. Comj)ared to our normal ratio of male to female autop.sy 
material, which is two to one, we can conclude that cirrhosis occurs about twice as 
frcfiuently in men as in women. These findings corrc-spond with those of Ameri- 
can observers, but are at odds with those of dapan and France. Suzuki,” in a re- 
port of 21 cases of cirrhosis out of 596 autopsies performed at the Kumamoto 
jMedical College, found 19 males and 2 females. Paraf and Klotz” in a two- 
year period found that out of 1,030 females hospitalized at the Hopital de Paris 
there were 23 cases of cirrhosis, or 2.2 per cent. In the same period, of 1,311 
male admissions only 6, or 0,53 per cent, showed cirrhosis of the liver. The com- 
parison, more than four times as frequent in females, is intere-sting and may open 
the way for a discussion on alcoholism in the French woman. The relation of 
sex to the occurrence of jaundice and ascites is noteworthy. The males in our 
group, though constituting 68.5 per cent of all our cases, comprised 76.4 per cent 
of all patients who had ascites alone. Conversely, the females comprised 39.5 
per cent of all the cases haring jaundice alone, somewhat above the figure for 
percentage of women having cirrhosis (.see Table III). 

Race. — There were 308, or 85.9 per cent, white and 50, or 41.1 per cent, col- 
ored persons in our series. Sex appeared to have no relation to race in our series, 
the male to female proportions being the same in both races. In our institu- 
tions where 35.8 per cent of our autopsy material consists of colored persons, 
the marked discrepancy of incidence is noteworthy. 


Table II 

Distp.ieutiox Of Sex asd Race ix V.af.ious Age Geoeps 



UXDEE 30 

31-40 

41-50 

51-CO 

61- 

TOTAL 

Male 

i 1 

22 

1 os 

89 

64 

244 

Female 

12 

28 

36 

22 

14 


Colored ■ 

5 

11 1 

14 1 

13 

7 


IVhite 

8 

39 

90 

98 

71 



13 * 

50 ' 

104 ' 

111 

78 



3.6 

14.1 

29.2 

31.2 

21.9 



Age . — Our youngest patient was 16 years; our oldest, 77 years. Thirteen, 
or 8.6 per cent, of our cases were under 30 yeai's; 60, or 14,1 per cent, were 31 
to 40; 104, or 29.2 per cent, were 41 to 50; 111, or 31.2 per cent, were 51 to 60; 
and 78, or 21.9 per cent, were over 60. The distribution of the various age groups 
m relation to sex and race can be seen in Table II. It appeai-.s that though 76, 
or 67 per cent, of the females were under 50, only 91, or 37 per cent, of the males 
■'vere in the corresponding age group. The majority (64 per cent) of the males 
fall into the 41 to 60 age group while 57 per cent of the women are in the 31 
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1o 50 njic iiroup. AVc believe Ihe inemis'ed iiieideiiee of eirrJiosis in younger 
women in our series indienO's niortnlily nil her limn ]>ur(' iiiiddenee. Women witli 
eirrliosis die iit n yoiinir<‘r one (linn do men. 'I’liis is holsfored by (lie face llial 
ou( of 13 eases in our young:es( mge “roup (under 30) 12 were M'onieii. 

Historit of AlraJtolis))t.—\t\ 12 of our eases tliero was no clinical liislory 
available. Of (lie remaining 3-I-1 a ilefuiile adiniltnnee of elironie alcoholism 
was oblained in Idd. or 41.0 j)er een(. We consider (bis (o be far below (be (rue 
incidence of indulfrenee in alcohol of (lie patieiOs eonsli(u(in‘r <mr material. In 
obtaining: (be bistory of illness fr<iin (be jiatieid, (be ipieslion of alcoluilisiii is 
merely a iiart of (be general survey of bis babits. Cnle.ss a condition similar (<> 
eirrliosis or neuritis is su.siiecfed. (be intern tabing (be liistory paid no more 
attention to (be ]»atient's temperanee habits (ban be ilid to tlie amount of coffee 
or tea be drank or to (be number of cigarettes be smoked. Wbeu a jiatienl en- 
ters with obvious signs of intestinal obstrueiion. in diabetic coma, or with a 
perforated duodenal ulcer, as a great <leal of our material does, (be intern, with 
some .iu.st i flea t ion. is not concerned with the patient 's .social babits and certainly 
doe.s not anticiimte (be stati.stical survey wbicb may result from bis history. 
However, with the use of minieogra|)bed forms for detailing a jiatients history, 
our material is becoming more accurate ami (be only error remaining in a bi.story 
of alcoholism will be that of the patient's reluctance in admitting it. 


T.utu; 111 

Di.sTiaiiurio.N' or .lAc.viuct: aki» AsciTr..s 



' jArMHci: 

i AS(ITK.S 

Lj.U'KliUrK AN*1> 
j ASt'ITKS j 

TOTAL 

.jAr.vMrf: 

.VKiTUKi: 

j.w.vKicK .voi; 

.\.S'CITKS 

Aliilf 

L’(i 

1 IM 


jia 

CC 

Female 

17 

CO 


: afi 1 

no 

White 

*57 

7~ 


I 151 j 

sa 

Colored 

0 

I a 


IS 

10 

Under ."0 

■I 

1 


1 ' 

0 

;u-do 

s 

7 

in 

20 

1-1 

41-50 

la 


■II! 

' 50 

24 

51-00 

to 


:i:> 

! .71 

! 20 

Over CO 

o 


21 

«)■' 

ao 

Total 


S5 1 

120 


102 

Per cent 

la.j 

1 L’;t.!i I 

1 :!5.-i 


2S.(i 


Jaundice and Asdics . — .Taundicc occurred in IGi), or 47.7 per cent, of our 
case.s, and ascites in 2f], or 59.2 per cent. The incidence of .iaundice and ascites 
in relation to age, .sex, and race is shown in Table HI. It has already been 
pointed out that females are more likely to liave jaundice without ascites and 
males are more likely to have ascites wit limit jaundice. Tliere arc other sig- 
nificant facts apparent from Table III. Though (be youngest ago gi'Oiip eonsti- 
Inte only 3.6 per cent of all the cases of cirrhosis, (hey comprise 9.3 per cent of 
all those haAong jaundice alone; the oldest ago group, Avbieb make up 21.9 per 
cent of all our cases, constitute only 4.6 per cent of all cases of jaundice occurring 
alone. The incidence of jaundice alone sbmvs a steady decrease as (be age in- 
creases, while the occurrence of ascites alone increases with age. The combination 
forms (jaundice Avith ascites and neither jaundice nor ascites) seem to produce 
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npposiii;^ pai’iibolic curves. Jauiidiee jjIu.s a.sf‘ifo.s is most ju-cvaloiit in the middle 
afic groups and is low in llie extreme Jiiie irronjis: absence of both jaundice and 
ascites is lowest in the middle !:rf)uj>s and hiulie.st in the extreme. 

The a.scite.s is produced by tra?isudalion of fluid from the me.sentcric vein.s, 
a part of the i)ortal sy.stcni, as a resTtIt of obstruction and reduction in the size 
of the vasculai’ bed. Ouj’ re.snlt.s of the oeenrrence of jaundice are at some van- 
ance with the common conception that jaundice does not occur Irequently in this 
type of cirrho.sis. Boyd says, in connection with the disturbed hepatic archi- 
tecture scon. ‘‘Indeed it is to he wondered tliat jaundice is not a more marked 
feature in i)ortnl cirrhosis.” .Taundicc, with or without ascite.s, is most com- 
luon in younger peni)le. It occurred in i)3.S2 per cent of those under 30 year’s; 
iiS per cent of those 31 to 40; aG.7 per cent of thasc 41 to aO; 45.9 per cent of 
those 51 to 60; and 29.47 per cent of tho.se over 60. We may interpret these re- 
sults to indicate that jaundice is a late manifestation, late in the life of the dis- 
ease rather than in the life of the patient. We may assume by the comparath-ely 
low incidence of jaundice in the older asre srroup that these people .survived be- 
cause they did not develop jaundice, and that if they had developed jaundice at 
an early age they would have died at the earlier age to correspond with onr in- 
creased incidence in the younger age groups. 

Jaundice in eirrho.si.s is )iot due merely to eompreission of the bile ducts 
by connective tissue. It is probably due to the inability of the liver cells to ex- 
crete the hile pigment which is sent to the liver in nomal amounts. The liver 
cells are abnormal, both early in the disease when the noxious agent which pro- 
vokes connective tissue proliferation attacks them, and late in the disease when 
the increased connective tissue obstructs the sinusoids so as to produce venous 
stasis and .subseciuent anoxemia of the liver cells. 

Esopharjcul Tariccs . — In our series there Averc 103 cases of esophageal varices 
constituting 28.6 per cent of the total (76 males; 27 females). Of these, in 33, 
or 32 per cent, of the number of cases with dilated and varicose esophageal A-eins, 
there Avere definite bleeding points noted. In many of the.se a ma.ssiA-e hemor- 
rhage Avas the immediate cause of death. This hardly con'c-sponds Avith the re- 
port of jMcIndoe,” Avho notes a mortality due to hemorrhage of 50 per cent in 26 
cases of advanced cirrhosis. 

The incidence of esophageal varices in relation to age, as seen in Table TV, 
shoAA's an increase Avith age until the 60-year-old group is reached, and is fol- 
loAved by a marked decrease. In examining the incidence of raptured esophageal 
Aoms in the different sexes, Ave noted that though the females comprise 26 per 
cent of the total cases of A'ariees and 20 per cent of those which hav'e not rap- 
tured, they constitute 39.3 per cent of the raptured group. In addition, of the 
~i Avomen who had esophageal varices, 13, or 48.1 per cent, ruptured as compared 
to 20 of 76, or 26.3 per cent, of the men. This seems to indicate that though 
the presence of esophageal varices is someAvhat le.ss common in Avomen than it is 
m men, Avhen they do occur in women thej' are more likely to rapture. 

Operations to produce more abundant anastomoses between the portal 
and systemic venous systems have been done repeatedly since 1889 Avhen 
von dor IMeulen performed the first at the sugge.stion of Talma, After Worison 
performed the first successful one in 1895, varving reports of success have been 
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Taiha; IV 

EsoriiAGrAi, Vakht.s jn* T{i;i.ation- to Sf;x akd .\or. 


AOi: 
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rr.MAix ' 

j TOT.M.S 
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1 
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o 
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1 

t 0 

1 

$ 

30 
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I 

5 
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[ Unrujitured 

! 1"' 

! 7 

1 

} 

01 
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•* 

in 


Til -00 

T'liruptared 

go 

•1 

24 



Ituidnred 

f) 

J 

10 

Over Co 

Tnnitdured 1 

1 

t.'> 

I 

1C 

VJ 


lliiptnrod I 

•» 1 

0 




reported liy Jfonprofil, Run<:e, White, ^luyo, :vnd Teiupsky. In o recent paper 
GrinnelP'’ lists 28 eases in \ehielt 22 were followed up after tiie perfonnanee of 
surgery. lie rcpoi-ts fl j)er cent sym])lom free after a ])eriod of year.s; 32 per 
cent improved and of) per cent nniinjrroved. With an ojicrativc inorfaiity of 
27 per cent these figures are not eueouragiug. 


TAi>i,r- V 
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3S 
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9 i 
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I 


Tolnl 

80 

72 

*»:: I 

::o 


, i.-o 
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Blood Pressure . — It is often stated that a ])ersistently low arterial Wood 
pressure is maintained hi cinliosis of the ]i\-er. Our material included cases of 
hypertension as well as tliosc of hypotension. Of 273 ease.s in Avhieh a record 
of the Wood pressure was availaWe there were 35S in which the systolic arterial 
pressure was under 140 and 115 in whicli it was above 140. Table Y indicates 
the distribution of the arterial tension in relation to the age of the indiA'idnal; 
the weight of the hearl.s, an increase which often corroborates the clinical finding 
of hsTJcrlension, is also shown. In 179 cases the heart showed anatomical evi- 
dences of hypertrophy. There seems to be no indication that cirrhosis of the 
liver per se has any marked effect on the cardiovascular system. 

Weight of the Liver . — In the 343 eases we recorded, 214, or 62.4 pei’ cent, 
might be termed "hypertrophic’'; 129, or 37.6 per cent, were “atrophic,” and 
66, or 19.2 per cent, were of the liypertrophic fatty form. The compai'ison of the 
incideiice of the various liver weights in caeli age groiij) is interesting (sec 

Table VI). 
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'Wciriht of the Splcrn . — In one of our series a splenectomy had been done 
long before admission to the hosjntal ; in four others the weight of the spleen was 
not recorded. Of the recorded weights the smallest was 50 Om. and the large.st 
was 2,045 C4m. Except for 12 the spleens were nnanimon.sly enlarged. Table VII 
shows the weights of the spleen in relation to sex and race. There is no marked 
difference in the sexes. In the races, however, thei-e is a great variation. In 12 
of 50 colored persons (24 per cent ) the spleen weighed le.ss than 100 Gm. as com- 
pared to 4 per cent in white patients. Sixty-two per cent of the colored persons 
had spleens weighing less than 200 (»m., while in 52.6 i)er cent of the whites it 
weighed more than 300 Gm. It is well known that the normal weight of the 
spleen in colored persons is le.ss than in white, the discrepancy, however, in our 
results can hardly he explained on that basis. The abnormal constitution of the 
red blood cell in the Negro race is showm in its peculiar tendency toward sickling. 
We can only infer, at this point, that the marked difference in the weights of the 
spleens in our colored patients as compared to that in the white is merely another 
manifestation of the constitutional difference in the hematopoietic tissues of the 
Negro race. 


Table VII 

Weicut of the Spleen* 


■WEIGHT 

UNDER 
' 100 

100-200 

200-300 

300-400 

400-600 

OVER 

600 

TOTAL 

Colored 

12 

19 

7 

4 

8 

0 

50 

Vliite 

12 

65 

66 

62 

68 

28 

301 

Male 

12 

56 

53 

47 

53 

20 

241 

Female 

12 

28 1 

20 

19 

23 

8 

110 

Total 

24 

84 

73 

66 

76 

28 

351 


Pancreas . — There was no marked variation in the weights of the pancreas ex- 
cept in isolated ease-s, one weighing as much as 230 6m., another as little as 30 
Gm. In 129, or 36.2 per cent, of our cases, a well-marked fibro.sis was noted. 

There were five cases in which calculi were found in the pancreatic duct. 
This pancreolithiasis may be considered seeondaiw to the cirrhotic condition of 
fhe pancreas. Cirrhosis was noted in 50 per cent of all cases of pancreolithiasis 
encountered in our neeroptic material. 

Carcinoma of the Liver . — There wei-e 11 cases, or 3.09 per cent, of primary 
hepatocellular carcinoma of the liver as an incidental finding in our materiai. 
In the same period, however, there were 30 eases of primary malignant hepatoma • 
II, or 37 per cent, had an associated cirrhosis. Both types of carcinoma the 
massive discrete form and the multieentrie form, were encountered. The in- 
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cidcjK'c of i)ri»i;iiy (•.•ircinoiii.'i in oirrliosis (H.O!) por cfiiJ) (ind iJint of cirrhosis 
in primary carcinoma (d7 per ccn(), we feid, cornihorates the wcIJ-eslahli.shcf] 
conception that cirriiosis is the primary condilimi and tliat the tumor probably 
arises from tlie iiy[)erplastic nodules. W<irlliy of note at this point is the in- 
cidence of ])rimary carcinoma of the liver. Smith’” in lOHH, usini: part of our 
autopsy material, found 2") c;isi‘.s in -1,(144 autopsies, an incidence of O.oG per 
cent. "We have collected from our tjiatcriai .20 cases in 12,267 autoi)sic.s, an in- 
cidence of 0.24 i)er cent. 

Vcctoral AJopccid. — Amoni: numerous si'Aiis and .symptoms connected with 
cirrhosis of the liver, two findings havj* receivc’d littli* attention: frynecoinastia’' 
and loss of axilliiry hair.''' At the Coolc ('ounty Hospit.al durintr the past ton 
yeai’s absence of hair on the chest in ca.scs of cirrhosi.s has been emphn.sizo(l. 
There has never been any formal effort made to (>oi-roborate this findine. 

Of llic 244 males in this serii's the prcseiici' or absence of hair on the chest 
was mentioned in necrop.sy i)rotocols in ,Sb. .Seventy-six of (hc.se had no hair and 
13 had su/Ticient hair to [iromiit such descriptions as •‘moderate amount of hair, ’ 
“there is a coarse hairy ,!rrow(h.’' and “abund.-inl hair on the ehi'st.” Tlic in- 
terpretation of lhe.se statistics is variable. If we assume that the pro.scctor, 
when doiiifr the autopsy, mentioned the liair on (he chest only when lie happened 
to think of it, the incidence of ]>cctnr.al alojiecia is 76 out of S9 I'a.se.s, or 8.».2 per 
cent. If, on (he other hand, the prosector mentioned the hair only when it was 
absent the incidence is 76 out of 244 ea.ses. or .31 jier cent. If the latter i.s true, 
it is diflicnlt to e.xplain (he 13 eases in which the jiresence of liair was definitely 
noted. 

.SlBr.AtAI{V 

Three hundred and fifty-si.x fatal casi's of cirrhosis of the liver were se- 
lected from 12,267 necropsies for study. In 1.''4 cases cirrhosi.s was the jirimary 
anatomic cau.se of death, wliile in 172 c;i.se.s (lie cirrhosis was an incidental find- 
iiifr. The cases were classified into two main "roups: (1) pen'iiortal cirrhosis 
(atrophic or h.viiertropliic form.s). and (2) fatty ciri'hosi.s (hypertrophic form 
with a larpc amount of fat and little or no fibrosis). A total of 62.4 per cent of 
the livci-s were enlarged and 37.6 per cent were atrophic. Jaundice and hepato- 
renal decompensation were a fi'cquent finding in the second group of cases (hy- 
pertroidiic fatty form). 

There were 6S.5 per cent males and 31.6 per cent females. As to race, S5.9 
per cent were ■white and 14.1 per cent Avere colored. Jaundice occurred in 169 
eases, or 47.7 per cent, and ascites Avas pre.sont in 211 cases, or ,69.2 per cent. 

As to age, 104, or 29,2 per cent, occurred hotAveen 41 and 50, and 111, or 31.2 
per cent, hetAvecii 51 and 60 years. Hemorrhage from c.sophagcal A'arices AA'as 
noted in 33, or 9.2 per cent of the eases. 

Hypertension Avas noted clinically in 32 per cent of the eases. IIoAvever, a 
higher incidence existed (50.3 per cent) anatomically, considering hypertrophy 
of the heart as an index of a pre-existent o.sscntial hypeilension. 

Splenomegaly Avas a constant finding. 

The pancreas AA'as fibrosed in 36.2 per cent of the cases and in 5 cases con- 
cretions in the pancreatic duets Averc found. Cirrhosis Avas noted in 50 per cent 
of all eases of pancreolithiasis. 
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KIlJSlIItAirM AND SIlfUK: 


Pectoral alopecia was observed at iiccroi)s\' in 37 per cent of tlie males, a 
fiudiug often of clinical diagnostic ai<l. 

Ilcpatoccllnlar eareinoina was noted as an incidental finding in 3.09 per cent 
of the cases, while 37 per cent of the eases of carcinoma of the liver showed cir- 
rhosis. 
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!>. A. WxTSoN. M.l)., X. Voi/ru.v, ani> \j. l{.\ni-< 
lYvni.i: <'i(i;i:k. .Mini. 


T 1I]‘] pin'iiosc of llii.s (■(iiiMimiiif'.Mlion i.*; rcporl llic results ;unl 
ieal siirnifieaMee of estrogenic ainl 17-kelosleroiil urinary assays 
suffering from the “ineno))ausal syinlroine. ” 


possilile rliii- 
of 28 wmicn 


.sni.n:<;T.s 

All patients jiresenteil .some wt'il-hnown signs and .syiniitoins ol the ineiio- 
jiause. For lUiriioses of study they were classified as; 1. Tho.se jiatieilts that 
had either natural or artificial im'iiopau.se. 2. 'I'liose with or without one oi 
the. most suh.jeetive of all menopause symptoms — "hot flashes.** 


I’KOfiaium: 

Al lea.st two, and in .some inslanee.s four, eomjilete twenty-four-hour urine 
Kpeeimens were obtained on eomsoeutivo or alternate days until consistent dail} 
estrogenic and androgenic values ^^■ore obtained. ^ ^ 

The urines were hydrolyzed and <*xtraeted by the Ilershberg and M oUc 
method and were fractionated by the method of (Jallagher and other.s.- Speci- 
mens were assayed for estrogenic values by injection in divided doses of an 
aqueous .su.spen.sion into lb ovai-iectomized mice. Values were reported in terms 
of gammas of e.strone based on a .standard dosage-response curve. 17 -Kcto- 
steroid a.ssays were done by th(> b'l-iedgood-Whidden’ modification ot the /mi' 
merman method, using a (’eneo siieelrophotelomeler and n'ported as milbgrain.s 
of andro.stcrone. 

T.mii.i; J 



KO. 

CASES 

AVO. 

AGK 

( YIAUS) 

.\rK'A.V 

KS- 

TIMATI'/ 

KAXtt’r. 

estimate 

.MIAX 

AXiiaos- 

Tiaiosef 

llANOK 

AXPiiOS- 

TEnO.VK 

Natur.al iiioiiopuuse 

Hi 

51 

(i.S 


0.50 

3.7--0.8 

Artificial inonopausc 

J2 

dli.S 

0.75 

g.S'-l.'i.O 

a/i'o 


Menopause with lla.slies 

13 

-I8..5 

5.(il 

i.Mu.n 

b'.Vo 


Utenopause without flashes 

15 

dO.ti 

7.(iS 

1.5-22.0 

0.5S 

.'i.7-3i'.e 


•Gaiiiinas e.strone. 
tMilllerain.s anilro.storono. 


DISCUSSION 

Table I shows that, there is a relationship between llie mean values of the 
female and male sex hormone and symptoms; c.g., patients that did have “hot 

t • r*)ini/» r»f fhn 'R.ntHf' OfnAlc .Qn {*n 


• From the Endocrine Re.scarcli Clinic of the Battle Creek Sanitarimn. , 

Read by title before the Annual Meeting of the Association for the Study of Intern. 

Secretions, May, 19^1- , . 

Received for publication, Jul} G, l!n~. 
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flashes” liiul lower mean eslro^enie values tliaii those, that did not exhibit this 
phenomena. This is not in atsjord with the observations of Fluhmann and 
!Murpliy/ who found lliere was no correlation between .symptoms and the 
estrone content of the. blood in the menopause imtients. 

Other interest in,!z ob.servation.s diirini: tiiis .study were: 

1. Some patients with severe menoi)ausal symptoms were found to have 
female sex hormone values considerably above our normal values in the presence 
of a normal amount*' of male sex hormone (Case 1). 

2. Other patients had male sex hormones in the lower limits of nomal and 
female sex hormones at the upper limit.s of normal. 

3. Certain patients had male sex hormones at the upper limits of normal 
and female sox hormones at the lower limits of normal. 

Our observations during this study: the fact that Salmon," and Shorn 
et al.''"' have shown that tcsto.sterone propionate in large doses can relieve 
menopausal symptoms and that all clinicians have obscr\’ed certain menopausal 
patients who will not respond to adequate estrogenic therapy, suggests a theoiw 
that possibly the menopausal syndrome may be due to : 

A. A lack of female sex hormone (Case 2). 

B. A lack of male sex homone (Case 1). 

C. Sex hormone imbalance within normal limits, e.g., (1) Low normal male, 
high nonnal female (Case 3) ; or (2) high normal male and low normal female 
sex hormone (Case 4). 

Several other interesting eases which will be reported in detail later were 
observed. One woman, who five years previously had had a complete hysterec- 
tomy and ovariectomy by a competent surgeon, excreted estrone in amounts far- 
above the upper limit of normal. Another patient who had nor-mal amounts of 
estrone and androsterone svas found to have a vaginal smear indicative of marked 
estrogenic deficiency. She was given adequate estrogenic therapy by her local 
physician until a noi-mal vaginal smear rvas attained rvitli no clinical improve- 
ment in sj-mptoms. 

TREATMENT 


The results of the urinary assays were used empirically to guide hoi'monal 
treatment. Patients in group A were given female sex hor-mone. Patients in 
group B were given male sex hormone. Patients in group were given male 
sex hormone and those in group C^ were given female sex hormone. Some pa- 
tients u-ith normal female and male sex hoi-moncs Avere given female sex hormone 
and served as controls (Case 5). Space does not permit publication of all case 
histories, but the folloAving are examples of tj-pes of cases obserA-cd : 


Case 1. — Female, aged 40 years. Complaints: Marked nen-ousness, headaelio ex- 
citability, fatigue, and loss of libido following an artificial menopause three years prcviouslv, 
with an average excretion of 22.9 gammas of estrone and 8.1 mg. of 17-ketosteroids in twentv- 
four liour.s. 

Treatment; Testosterone projnonate was given in two eour.'-es of 10 mg. everv four dav.s 
for six weeks, with a rest period of two week.s in between eoijr.“.->s. 


, ‘On a ba.Mi.s of a.s >.-1 unpuVjU.sheil oti.-o.rvation.s by Sanm‘-l.s. Volton -mrl . .. 

Univer-Sity of Minnesota, arbllr.-iry normal value.s for female .«i-x hormones aa.ee M'*-' 

from 2.S to 7.5 gamma-s of e.strone ami from 5 to 1.5 mp. of amirostf^one ^ 

•speclmcn at the mldmenstrual period. Thus, in those menopausal patients- 
specimens were collected at the middle of the cycle. ' fati.nts still men.struating 
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Ro.<ul(s: Dwidcd iiii[)rovoiiu‘iit in ^tu^liIity of i'<|tiilil>riiiiii, lo*-- of tlr'finiti' 

improvement in fntipie, timl u piiu of lo pouml.-i in ivei^Iit. 

Cask 2. — I’atient jif^ed ol year.--, (tomplaint.s; Hot llnrlie,-, cintiinf; .‘■'•n‘'ntion«, f.vcesa 
perrpiratioii, feelinix of inlensi' !i(>ut, jind irrvjjnliir imniHe.-. A\i'r!i"c i xcretioii of 2.20 
of estrone and 7.50 mtr. of IT keto-teroiiis in iwenty-foiir lomr!-. 

Treatment: rro^iynon Id.omi units intramn-.otdarly uas ^iveii lliree times a wek for 
two wcel:.«. and two time.- :i neck for tlie next two weeks. 

IJe.suIts: FItisIie.s pnmtie:dly disappe:ire<! ns i!id nae.| of tlie snlijeefive .symptom.®. 

Ca.‘:k 5. — Patient need oft yetir.®. (.'omplaint.s; f)eea.sion:il )iot fl.'islie.s, marked fveriodir 
“ntifrraine” hctolaelie, lie^'inniii}; sliortiy after ees-ation of niense« at aite 15. .‘ttiffne.-s nf 
Imiid.s, baek, iind knee.®. .Avenijte exen-tion (!.t; fjammas of e.strone and -l.l ni},’. of If-keto- 
steroid.® in twenty-four liours. 

Tre.'itinent: Two eonr.se.® of te.slosteroiie proprionati'. 2.5 intt- every five day.® for .'i.A 

do.se.®, aitli a two weeks’ rest [leriod ia-tween eonr.'e.®. .\fler Itiis llii*rapy t)ie patient ka.® Iss’n 
:ii)le to mtiintain /rood lie.altli witli pi mir. every twelve davs. 

IJc.snlt.®: M.arked diminution in joint pain and almn.®t eomjilele relief from keadai'ke?. 

Ca.sk -1. — P.'itient a/red IS years. Complaint.®: .\rtifieial mentipaiise of two year.®' dura- 
tion, niodortite depression, loss of lildilo. liot ll.-islie®, fati/rne, and emotional iiistnl'ilit.v. 
Avenigo excretion -I.:t5 gjimm:i.® of estrone :ind 1-1.25 ing. of 17-kelo®teroid.®. 

Treatment : Ktliinyl pstnidiol (Sf-liering) in doses of 0.15 mg. a dtiy, 

Ile.sult.s: Inijirovenient of emotionid in.sttildlity and ilepre.ssion, inerea.sed .sense of well- 
being, tind roduetion of liot tkishe.® fr<tm ten to one dailv, 

Ca.sk 5. — I’iitient aged -15 yetir.®. Complaints; H<it tkislie®, e.vees.sive perspiration, in- 
creased nervousne.ss, irritability, and fatigtie f<dlowing livsteris-lomy and jiartitil ovarie<doniy 
three yetir.s proviou.=I.v. .-Vvenig,. e.xeretion -l.t gammas of estrone and 5..'!5 mg. of 17-keto- 
.steroid.s in twenty-four hour.®. 

Treatment: Patient itisisted on liornioind tlientpy though there was tio itidie.ation of a 
deficiency ns judged by urinary assay. 

Results : Xo improvement. 

Case 1 deinoti.strjitc.s ;i lutlieiit ivifh ti foiiijttiftilivcly low Jii.ilo, Jiigli female 
.sex hormone ratio. Case ~ is ;i patient with ji tiefieieiiey of fciiittle sex hormone 
and adequate male sex hormone. Case 3 shows ji initieiit with adequate female 
sex hormone but a male sex hormone which is below normal. Case -i is a pa- 
tient with a high male, low female .sex hormone, ('asc ii is tin examjile of one 
of our eontrol patients with normal m.ile tind I'cinttle sox hormone.s, adeqnatcl.v 
treated with female sex hormone with no restilts. 

The resnlts of treatment carried on duriii.g the seven months of this study, 
using urine as.sa.vs as an empirical guide to therapy, have been gratifying in 
that treatment lias been sucee.ssful in mast instances, and if is felt that the sex 
hormone assay has pointed the way to sueco.ssfiil treatment of some patients and 
prevented the needless e.xpcnsc of fhcraiiy in others who need ]).s.vchialric rather 
than endocrine management. 


SUJDIAUY 

Routine determinations of the male and female sc.x hormones in the urines of 
menopausal patients ina.v have clinical aj)])lication in that (a) it may indicate 
whether male or female sex hormone therapy is needed; (b) aid in explaining a 
lack of response of certain menopausal patients to the u.sual estrogenic hormone 
therapy. 
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A ilisproitortionato iittiouiil of either male or female se.K liormonc.s may in 
some patients ciuisc certain m('no]>ansal symj>loins which may he alleviated hy 
proper endocrine thorajty. 

A correlation between the incidence of definite “hot flashes’’ and the 
estrogenic and androgenic content of the nrinc appears to exist. 

E.stronc has been found in the urines of patients who have had their ovaries 
and nterus removed. 

Correlation of nrinary sex hormone assays with clinical results in treatment 
of the menopau.se is indicated. 
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A NOTE ON THE BLOOD GUANIDINE LEVEL IN IMIGRAINE 

SUBJECT.S*^ 


Harold D. Palmer, ^XI.D., D. B. ]Mc Nair Scott, Ph.D., and 
K. A. C. Elliott, Ph.D. 

Philadelphia, Pa. 


CINCE migraine headache is held hy some authorities to he related to essen- 
^ tial epilepsy, it was of interest to determine whether changes in blood 
guanidine occur in connection ivith migi-aine attacks, as Murray and Hoffimann* 
have found to be the case in connection with epileptic seizures. These latter 
Teported that the concentration of gnanidine-like substances in the blood of pa- 
tients with essential epilepsy rose considerably during the aura preceding 
seizures, reached a high level during the eoniulsion, and returned to the basic 
level within an hour thereafter. It was also of interest to cheek hy our tech- 
nique the basal blood guanidine levels in epileptics and the levels in a group 
of patients of mixed pathology. A group of normals Avas tested as a control. 

Table I shoivs the results obtained in this study. Differences hetiveen the 
averages for the groups tested Avere not significant, iligraine patients shoAA'ed no 

„ ‘From the Institute of the Pennsylvania Hospital. Philadelphia and the » 

Psychlatrj- of the Woman’s Medical CoUege of Pennsylvania. Department of 
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I.HUI..-. uni.iT •„as:,l" anil •Marl,,,: attaclf ..Oti.ln.O mK'-, at!,. nl...; 

TUiUennI ohauge in blood -ii:,nidiiu. in ronnoction will. al tacks, and the ha.sal 

e .s in opi o|)ti(.s A.oio normal, as were- the levels in ihe ijrimi* of ini-ved pa- 
thology. 

mill ?’r I'oi- «-l>ilci)lic.s with lh<«e reported fornor- 

^r.ver.s- (0.2I-0.2S mg. per 101) e.e.). .Ilurray and 

titfft **‘*^‘** cjnlej)! ies studied hy them wore 

• Onr Inusal vahie.s tor ejiilejilics are appro.vimnlely the same 
ooi'moi ? ofiniann s and do not difiVr materially from our figures for 

Thie‘r' . Juglior than tiio normal level found hy Ande.s and Myci-s. 

tiinsed hy the differenees in tcchniyue used in 
seT aV !*: ■” determination. The photoclecfrie method 

nci 7 t ’''‘d ourselves may give higher A';dao.s than the 

oeular method u.scd by Andos and Jlyeis. 

studied were eomposed of ahm,! t,pwl numbers of men and 
cvnn'n^ r 1 Poisons with migraine, all of whom snfi'ered from tvpical hciai- 
ciama of long .standing, were patients of the Migraine Ciinie of the Institute of 
t o Peunsyivania Uo.spUal. or wm-e jiei-soiKs eoiiiieelcd in some eapaeity with 
,10 Institute. I he C])ilei)lie.s were p.-.lienis rc.siden( in the Peniisvlvania Hospi- 

Jr Diseases, or in the Philadelphia Geii- 

a I-ospital Ihe norimd subjects were obtained from the niedieal, laboratory, 
and nursing stabs of Die Jn.sDf nte. The group of mi.sed p.iDioIogv wore from the 
private practice of one of us. 

Blood guanidine dcrivat,ive.s wore determined in duj.lieate hy the method of 
Andes and Myers, except that Die color wa.s finally developed in’ a total of 5 e.e. 

ins ea 0 c.c. anc wa.s measured hy the Klelt-.Summer.son pliotoeleetrie 
colorimeter, using a No. 540 filter. 


SUJIJIAIIY 

1. ISo si^ii of ahnoimalit.v or material change was found in tlie coneeiiira- 
tion of guanidine derivatives in the blood of migraine patieiit.s previous to or 
during attacks. 

2. The basal level of guanidine-like .suhstanee.s in a number of epileptics was 
not higher than the level in iioianal subject.s. 
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THE APPARENT FRUCTOSE CONTENT OF IIU.MAN EXTRACELLULAR 

FLUID® 


RofiKt! S. IIunitARD, Pii.D., AND Emkrson Hollf.y, il.D. 
Buffalo, N. Y. 


TN EARLIER publieation.s'-'’ the presence in litiman .spinal fluid of fructose, 
or of a compotmd Avith properties closely resembling those of fructose, has 
been reported. This substance tvas found in much greater concentration in 
spinal fluid than in blood. It has seemed desirable to study human extracellular 
fluid obtained from sources other than the spinal canal to determine tyhether 
this rather unexpected finding is a general or a specific one. In the present 
note the results of a series of .such studies are presented. 

The material used in the present study AA-as obtained from medical Avards of 
the Buffalo General Hospital and the Edivard J. Meyer IMemorial Hospital. A 
feAA' analyses AA'ere made upon specimens obtained at post-mortem examinations 
made by the department of pathology of the Buffalo General Hospital. Since 
edema fluid approximates cerebrospinal fluid in its chemical composition, several 
samples of this material Avere studied. These AA'ere obtained bj' inserting small 
metal tubes — ^the so-called “Southey tubes” — under the skin of patients having 
gross accumulations of fluid Avhenever it Avas possible to do so. It seemed de- 
sirable also to study fluids Avhich Avere rich in protein. Specimens of this nature 
'vere obtained either at autopsj' or by puncture and aspiration from various 
portions of the bodies of liAung patients. The patients for the most part Avere not 
fasting AA’hen the specimens Avere draAvn. As far as could be determined all the 
specimens studied Avere sterile. Blood Avas taken at the same time as Avere the 
specimens of fluid. 

The technical methods used AA'ere the same as those preA-iously described.- 
Protein and probably other interfering compounds Avere remoA-ed Avith zinc 
sulfate and sodium hydroxide in the proportions recommended by Somogyi.* 
When the protein concentration AA'as Ioaa', it Avas possible to prepare suitable 
filtrates AA'ith a minimum dilution of the initial material, but AA'hen blood Avas 
analyzed, or AA’hen the fluids studied Avere rich in protein, it Avas necessary to 
make dilutions Avhieh Avere frequently as great as 1 to 10 . The concentrations 
of zinc and sodium hydroxide used AA’ere the same in all instances ; only the rela- 
tiA'e volumes of the sample and of distilled Avater A'aried. Final analyses Avere 
made, as described in preAuous articles.^ Reducing compounds Avere determined 
by the method of Folin and AYu,"- ® modified, Avhen the concentrations Avere ven- 

•From Oie University of Buffalo, Medical School, and the Buffalo , 

Edward J. Meyer Memorial Hospital. eiuiiaio General Hospital and 

Keceived for publication, November 5. 1942. 
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low, :u•(!(>^tlill?^ In tlir n'conmu'iitliitiinis of Jliililjiird niiii Allison.' Fnictose. and 
rnictosr-liko cninpoiUDls were (Irloniiini'd hy lln* rrsorciiiol IroliiiifUir of Hoc.' 
(ihifoso ^iv(‘s a coloi- when treated willi the j-eaL'en1s n.sed hy Hoe. and it wa.s, 
therefore, neee.ssar.v to eorreet the values nhlained for the error jn'odtiei'd hy the 
pre.senee in all samples of relatively liirjre amounts of this simar. Two i)icfhod.s 
were used for this pnrjiose <lnri!itr the study rejioiieil. In .some in.stanee.s the 
eorreet ion was based upon analy.ses of many solutions of pure ^diieose carried 
throutrh Hoe’s teehidtpie. In other experiments an analysis wa.s first made hy 
the teehnitpie of b'olin and Wti. and a s<dution was pn'pared which eontained the 
same eoneentration of iniiv "lueose as di<l the speeimen of blood or fluid ;innlyzed. 
This sedution of 'jlueose was carried throuirh the proeeduia’ simnltaneonsly with 
the analysis of the uidoiown .solution, and rcsid airainsf a standard .solution ol 
pure fructose. Hy subtractin'.' the value so oblaiiusl from the readintr "iveii by 
the sami)le, the eorreeteil fructose eonleiil of the Idood or fluiil was determined. 
In a number of instances an allemiil was nunle to detenidne the efieet of a 
sliort period of fermentation niton the apparent su'.iar ertnteiit of the fliiid.s.''’ 
b’or this puritose suspensions of waslied haker’s .veast cells were added to the 
blond and fluid to "ive e(tneeiit rat ions of 1 e.e. of ceils in o e.e. of fluid. Tlie.se 
stood half an hour to an hour at room teinperatnre, and wi-re tlien preeiititafed 
and anal.vzod as descrilted above. 

Table I contains tbe rosidls fitund. Oid.v tlie ertrreetct] values for friiclo.so 
are given. Because llie aeeiiraey of the fruclo.se determiimtioii.s in fluid were 
much greater when the filtrate analyzed was oiil.v .slightl.v diluted, the degree of 
dilution is given in each instaueo. The delerminatioiis of “fnieto.se” eonlont 
after fermentation are iiieluded, hut the iioiiglueose redueiiug eompouiids, wliicli 
appeared to add little to the value of the data, have lieen omitted. The average 
values of these substances were equivalent to G and S mg. of glucose iier .100 e.e. 
of fluid and blood, re.spoctivel.v. In onl.v one instanee did a sfiid.v appear un- 
satisfactory. IJifficidty wa.s exiierieneeil in removing protein from llic abdominal 
fluid in Experiment 27, and it. was noccs.sarv to reprecipitate wiili a socoiul ad- 
dition of zinc and .sodium h.vdroxide in this instance. Whether this procedure 
affected tlie significance of the results could not he determined. 

AVe believe tliat a mimber of intcrosfing facts are shown h.v Taiile I. Tlie 
average concentrations of glucose in the blood ami fluid .s])eeimeus were apju’ox- 
imatcly tlie same — 99.0 mg. jier 100 e.e. in the former, and lOfl.7 mg. in the lat- 
ter material. In a ma.iorit.v of the specimens, however, the eoneentration was 
higher in the extracellular fluid Ilian in the blood. This difl’orenee was not due 
to the presence of nonfcriucnlable reducing compounds in tlic s]iecimens of fluid 
analyzed. It probably resulted from a number of causes. Tliese include the 
relatively greater water content of the fluids, and the relatively low glyeol.vsis 
Avhieli results from the low concentrations of cells which most of them eontained. 
(Note that in the .specimens of svnovial fluid rich in cells llie glucose content 
was unusually low.) It is possible also that an uneven distribution of sugar 
betAveen the -blood and the fluid, similar to tliat wliich has been reported in 
spinal fluid, ma}' haA'e influenced the results, for most of the fluids were not 
taken in a postahsorptive state, and the findings iiuo* represent an equilibrium 
attained when the blood sugar eoneentration was high shortly after "a meal. 
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Sug:iir may liave boon ivnioved }'n»m Ibe by ncfivo inclabolio jnwessos. 

and a oomploto ro-catablisluiuMit of comliUons of (‘qnilibnum by difiiision tiol have 
l)ccn roaoliod. 1( is iiifomsfiiiir to note that in a sorics of aiialyfa-., of ami 
spinal fluid made by id(?ntio;)l mot bods, {rlnoose mas roytdarly ])ros(>nl in the 
spinal fluid in lower oonoont rat ions than in the blood. 

The results of the friielose determinations were also inleroslinir. The aver- 
a"c value of the eorroetod “ fructose” eoneent rat ions in all the -Tl fluid speci- 
mens studied was 0.7 m;j;. jier KIO e.e. This diffens markedly from the results 
upon .spinal fluid sjiceimons previou.sly reported, for the averaire found upon 
speeimens reported piwioiisly was 2.0 mir. ]ior 100 e.e. The roiitynst between 
the individual .specimens n-as as marked as was the diffen-ma; betw('eii tiu'se avov- 
nsjes. In only S fluid speeimens was the concentration greater than 1 nm. per 
100 e.e., while only four spinal fluid .specimens contained eoneent rat ions which 
were less than this. Ik'u-h of these four speeimens was obtained from a juitient 
with menin<;itis, and there seemed to be good reasoti.s for associating' the lov. 
valno.s with tlie elinieal condition <»f the patieiit.s.' In 2(i of the 02 .sjuiial fluid 
specimen.s the concentration of fructose was "rcatcr tliau 2 mtr. per 300 e.e., while 
there ■were onlj' two results in the pro.senf study wbieb eonfained such amomds 
of fructose. It seems obvious, therefore, that there is a marked difi'erence be- 
tween tlio apparent fruetase eonlent of cerebrospinal fluid and otiier type.s of 
extracellular fluid. 

The data were examined to determine whether there were any diftereneos be- 
tween values upon fluids obtained from different body cavities. As far as could 
be dctci'minccl there were no sueh difiTerenees. The hiiibost fruet<ise eoneentra- 
tioii found wa.s in a .specimen of edema fluid, but another speeimen a]>)>arcnth 
contained none of the su'rar. and in .several olbei-s the eoneciitrations were of the 
order of 0.1 or 0.2 mg. per lOfl e.e. As a comparison witli jicripheral edema fluid, 
which is nlmo.st regularly very low in i)rotein. a number of sjieeimen.s oi pevi- 
cardial fluid, in wbieb flic content is regularly Jiigb, wore analyzed. The re.siilt.s 
of these analyses also covered a wide I’ange, from 1,5 to 0.0 mg. per 100 e.e. Tlic 
rather limited number of oilier tyjies of fluid, eliesl fluid, abdominal fluid, and 
sjmovial fluid, all showed .similar variations. 

It seemed possible that the mctliod of handling (he specimens might have 
affected the re.sul(s. As already .slated, when tlic protein content wa.s high, it was 
necessary to dilute the material in order to obtain a filtrate .suitable for anal.vsis: 
when the protein concentration was low, marked dilution was uimecc.s.sary. The 
average of the values obtained when specimens were diluted five or ten limes 
was 0.65, and when diluted less than five limes it was 0.76 mg. per 300 e.e. Such 
variations in technique, therefore, liad no significant effect upon the re.sidts. 
It is certain, however, that the probable significance of any single figure obtained 
when the more concentrated filtrates were analyzed was greater Ilian when dilu- 
tion was necessary. : 

A comparison between the fructose content of blood and of the various fluids' 
was liiade. In the 23 studies in which results of both determinations were avail- 
able the average fructose content of blood was 3.1, and of the flukh, O.S mg. per 
100 e e This relationship is quite different from that observed in the study of 



IlUnnARD AND HOI.LF.Y: I'RUCTOSF CONTENT OF IIUJIAN EXTRACEX,L.ULAR FLUID 741 

spinal fluid, for in that investigation the average fluid content of fructose was 
approximately six times as great as was the concentration in blood. If the figures 
presented in T.nble I ai'c examined in detail, it is evident that rc-sults upon in- 
dividual subjects agree at least as closely together as do the average ones, for in 
only a third of tlic studies do the results differ by O.o mg. per 100 e.c. or more. 
In all hut one of the analyses in which the dift’crenccs were of this magnitude, 
both the blood and the fluid wore diluted 1 ;10, and the errors of both determina- 
tions were great. 

Because there was so little difference between the average blood and fluid 
values, it seemed worth while to calculate the correlation coefficient betAveen the 
two sets of figures. This had been done in the study of spinal fluid, and no sig- 
nificant correlation was found. In this instance the coefficient was -i-0.64 ± 0.08. 
These figui’es make it seem probable that the fnietose, or fmetose-like compound, 
found in the extracellular fluids is derived from the blood, or at least is in 
equilibrium xvith some similar materials in the blood. 

In the discussion of the results obtained in the previous study- it was pointed 
out that it Avas possible that no fineto.se is present in blood, because the accuracy 
of the determinations is so Ioav. It seems to us that the correlation which appears 
to exist betAveen the fnictosc in blood and extracellular fluid is CAidence of the 
actual existence of some similar compound in both media. 

An attempt Avas made to determine Avhether the material giAung the color 
Arith resorcinol Avas actually fructose. In 14 experiments the fluid was inoculated 
Arith massive suspensions of yeast cells, alloAved to incubate, and the apparent 
fructose content aaus determined. The re.sults could not be cousidered satisfac- 
tory. In all but 4 of these specimens there Avas some apparent destruction of 
“fructose,’' and in some instances the destruction Avas marked. There was fre- 
quently noted, hoAvever, a measurable color Avhen the incubated material reacted 
AA-ith the resorcinol reagents. The results Avith blood were essentially similar. 
There are at least three possible explanations for this finding. It is possible that 
at least tAvo different substances in blood and extracellular fluid react Avith the 
resorcinol reagent, and that only one of these is readily destroyed by such sus- 
pensions of baker’s yeast as Avere used in these experiments. The second pos- 
sibility is that some fructase may haA-e escaped destruction by the yeast suspen- 
sions used. It was found that some yeast suspensions do not ferment fructose 
readily, and it is possible that such small amounts of fructose as AA'ere ap- 
parently present in these solutions may haA'e escaped destruction. The third 
possible explanation of the results is an extraction from yeast cells of some 
compound AA'hieh Avill react AAith the resorcinol reagent. A suspension of yeast 
cells in distilled Avater has been incubated and analyzed as a part of each study 
presented in the table. These control suspensions regularly showed no color upon 
analysis. It Avas formd, however, that certain alkaline solutions do extract from 
yeast cells measurable amounts of some compoimd which gives the resorcinol 
reaction, and it does not seem impossible that the blood and fluids may haA'e had 
a similar action upon the yeast cells. It is, therefore, impossible to decide the ex- 
act nature of the compound Avhich gave the resorcinol reaction in the unfer- 
mented blood and fluid specimens. It may all have been fructose ; it may have 
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lioen some compound udiicli rc.scmldcs mictosc, lni( \vlu(‘Ii is slowly fcnncnlcd by 
or adsorbed n])oii yeast cells: llicre may Imvc been two eomjxmnds pre.seiit wliirh 
react with the resorcinol rcaL'ciit, only one of wliicli is acted iijion by siispen.sioiis 
of washed cells of baker's yeast. 


co.vcf.r.sio.v 

Kesiills of the determination of the apparent fi'ueto.se content of abnormal 
human extracellular fluid obtained from various body cavitiw have heeii carried 
out. Traces of .some comjiound erivin^' a reaction with the rc.soreinol renuent 
were present in two-thirds of the speeimen.s. 'I’he amounts were much smaller 
than those ])reviously found in ccrchros|unal fluid. They ai)peared to he derived 
from, or to be in approximate e(iuilibriuin with, similar sulistances in blood. Fer- 
mentation with restino yisist cells was carried out in an attemiit fo identify tbe 
compound definitely as fruclo.se. but the identification was not made with cer- 
tainty. 
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A STERIIATY THST FOU Sl'IA-’ANILAMIDE POWDERS^’ 


!Maurici: Tjanhy, Pft.E., akd I-'uzabktu J. Os\vai.d, B.8. 
Washinctox, D. C. 


■^HE report of a deatli from tetanus traced to a contaminated sulfonamide 
powder* makes it evident that there is a present )ieed for an adequate test 
to determine the sterility of these valuable chemotherapeutic agents. There 
would appear to be no question regarding the necessity of subjecting the 
powdei-s to heat sterilization^- ■* but there seems to be some controversy as to 
the amount of heat which can be applied without altering the drags to such an 
extent as to render them useless and, in some cases, actually dangerous to 
administer.'’ ' The margin of safety between the amount of heat necessary to 
kill any organisms present, and the amount which will yield a product unfit 
for use is comparatively small. It is therefore impoiiant to have available a 
test for the determination of the sterility of sulfonamide powders. 

The procedrrre which has been used successfully in this laboratory is as 
follows: The contents of a shaker package (5 grams of sulfanilamide) are 
transferTed aseptically to a flask containing 500 c.c. of sterile water. The flask 
is vigorously shaken for five minirtes, allowed to stand for thirty minutes at 
room temperature, and shaken again for five minutes. The undissolved sulfa- 
nilamide is allowed to settle and 5 c.c. of the super-natant fluid are added to 
each of. two tubes containing 20 c.c. of Brewer’s medium.* The tubes are 
incubated at 37° C. for a period of seven days and examined for evidence of 
gi’o-wtli. 

In the development of the above procedure it was necessary to select a 
medium capable of supporting both aerobic and anaerobic gr-owth, and which 
would, in addition, nullify the bacteriostatic effect exerted by the sulfonamide 
under test. 

Initial experiments demonstrated that Brewer’s medium fulfilled these 
requirerfients. It contains a sufficient amount of sulfonamide-inhibitor to permit 
growth of three selected test organisms (Staphylococcus oureits-VuTe Food 
and Drug strain, and Araiy ^ledical School strains of Escherichia coli and 
Clostridium tetani) in the presence of 50 mg. of sufanilamide. This amount 
of sulfanilamide is the maximum amount which could be present per tube of 
Bre-wer’s meditmi in the execution of the aforegoing sterility test. Inasmucli 
as Brewer’s medium, by assay,® contains 2 micrograms of p-aminobenzoic acid 

“0 C.C., with the possible presence of additional sulfonamide-inhibitors, it 


•From the Division of Bacteriolo^% Army Medical School. 
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seems to ho .'ulcfiuate to neutralize the liaetcriostatie aetioii of the siilfanilaiiiidc 
under our test conditions. It \va.s found tliat the mldilion of an c.ncc.ss of 
sulfonamide-inhibitor (bO niieroirranis p-aniinobcnzoie acid) offered no apjmront 
advantage in the initiation of growtli by a smaller number of or<r;mism.s, 
althougb there was some evidence to show tliat the aerobic, oiganisms ^row out 
more i-apidly in the presence of an exce.ss of ii-aminobenzoie acid. The test 
organisms, inoculated into tubes of .sulfonamide-containing Breieer’s medium 
in numbens i-anging from 11 to 100,000 grew out well in 48 hours. 'The a.ssdnbled 
data on recovery of te.st containinanls addeil to Brewer's medium containing 
sulfanilamide is given in Table 1. 


Taiilu J 
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In order to determine the eflicicncy of the method in the recovery of a 
spore-bearing patliogeu from sulfanilamide jiowdor, samjilcs were artificially 
contaminated with small nnmbei-s of Cl. iciani. Two packages of sterile sul- 
fanilamide powder were contaminated will) 20,000 and 450 cells of Cl. Iciani, 
respecth’ely. Tlie powdci-s were returned to tiicir packages, sealed and allowed 
to remain at I’oom temperature for two days. Contaminated and stenle sul- 
fanilamide powdei-s were llien examined by the test procedure. No grovdli 
was obsen^ed in the sterile sulfanilamide controls, wliilc tubes containing con- 
taminated sulfanilamide powder showed excellent growth of Cl. iciani within 
48 hours. It was further noted that wlicn the fia.slvs containing the suspension 
of the artificially contaminated sulfanilamide powders were allowed to stand 
at room temperature for 48 hours, recoveiy of the organisms was effected 
even though the sulfonamide powder Acas completely dissolved and the spores 
of Cl. tetani were necessarily exposed to a 1000 mg. per cent solution of tlie drug 
for at least a portion of tliat length of time. Tliis is furtlier evidence of the 
extreme resistance of Cl. tetani spores to higli concentrations of sulfanilamide. 

This procedure is applicable to other sulfonamides as ivell. It is necessaiy, 
however, fii’st to determine the maximum quantity of di-ug ivliich is inactivated 
by the sulfonamide-inhibitors present in .Brewer’s medium. 
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SUMMARY 

A test for tlic determination of sterility in sulfanilamide powder is pre- 
sented. It is simple in operation, and effective in the recovciy of small numbers 
of spore-bearing pathogens from artificially contaminated sulfanilamide sam- 
ples. 
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A DEVICE FOR INMECTIONS INTO THE EAR OP RABBITS*" 


Walter Koch, Jerusalem, Pale.stixe 


VV 7 HEN a rabbit has to be injected again and again, difficulties arise as the 
^ ’ principal veins become obliterated. 

This difficulty can be overcome by a simple instrument. To the box {a) 
of an ordinary pocket lamp uith an elevated convex lens (b) is attached a 
strong metal wire (c) of 4 mm. diameter, bent to correspond to the .shape of the 



1. — a, Batterj- caising ; h, convex lens; c, metal wire, c auLine- 

■ rated ring ; and g, small holes in / into which the ends of c 'are inserted. 


d, bearings: e, spring coils; f, ser- 


•From the Department or Hygiene, The Hebrew University, Jerusalem 
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!:iiiij) wliii'li runs in (wo Ix-iirini's itl). Tlic lower of (lie wire is jM.wd 
tliroii'rh two stiff spriinj: mils (t) to ^nve it tlii' necessary pressure. At the up- 
l)er end of the, wii'(! there is atlaehe<| ;i .serrated riiiu: (f ) which fits rittht over the 
eunve.\ lens of the lain]). 

When nsin>r the instrument, the wire and (he riinr are lifted from (he lens 
(as .shown in the drawinp-,). ami (he ear is in(erj)o.se<I Ixdwi'eii lens and rinir. 
The jn-ossnre of (he .sjiriin.'S fl.xes the ear with the teeth of the rintr. .Since the 
rin;_^ is serrated, the hlood ve.ssels of the ear under the teeth are i-omi»rc.ssfil 
while there is free cdre.ulation in the ve.s.sels uinler (he free sjiaees helween (he 
teeth. 

The advantam; of (he convex lens is (hat it raises the ear' of (he rahliit 
above the rintr .so that (he syritifre can easily he direeled to tlie vein to he in- 
.jeeled without interfereiiee. 


AN ].MPJ{()Vh:i) .MHTHoi) F<)1{ DKTHR.M IXl.Vtf TIIH .SHDI-M HNTATION 
HATH ()!■' TIIH BLOOD COb'lMsSt ’LKS* 


1'. KAefAi'nuT, l*n.l)., Pai.kstini; 


yyCCOHDINO to Keiehel, the .seclinienlation rate is independent of the heitjhl 
** of the blood eoliinin if the dejith of the .sedimentation does not e.x'ceed 
one-lhird the entire liiood eolumn. Also, it is indepmidenl of the volume of the 
test tube if the diameter of tlie latter is not smaller than 1.4 min. With a nar- 
rower tube the capillary action would interfere ])eree])lih!y witii the determina- 
tion. Tlie sedimentation rate also deiiends on the external temperature, hein? 
accelerated by heat and retarded by cold. In order to exclude (his source of 
error- — which in tropical countries shows its elVeel esjieeially in .summor, while 
in temperate zones it is more con.spieuous in (he winter — the following •ap- 
paratus was constructed : 

Apparalm . — This consists of a wide-iieeked thermos lla.sk (.see Big. 3) 
fitted with an inner rack to liold the .sedimentation pijietle.s. TJic stand is 
built to hold six sedimentation pipelte.s, .springs kecjiing it at a given height. 
At the bottom of the stand six .small test tubes with side apertures (2 to 3 mm. 
aliove their lower end), are fixed by means of small .sjn-ings. The sedimenta- 
tion ijipettes are placed into thc.se te.st tubes when a determination is being 
carried out. 

Glass tubes (see P’ig. 2) with a diameter of 1.4.3 to LG mm., aiiproximatoly 
21 cm. long, the lower ])art without graduation, and cut fiat. TJie ungrad- 
uated part corresponds to one-fourth the graduated ])art, i.c., from 30 to 40 
mm. The upper graduated section is divided into centimeters, showing milb- 
meter graduation as well. Length of graduated part is from 120 mm. to 160 

•From the Beilinson Hospital, Petach Ticnia, Palestine. 

Received for publication, May 18, 1912. 



KAPI’AI’OUT ; nKTEUMlNlNCi SKDIMKNTATION UATI'. 01’ KKD 151,001) CORPUSCOKS 747 


mm. Over the loj) a soft aiul traiis{)arent tubin;i of f’ara rubber is fitted, con- 
taining a movable glass bead. 

Ikofinifs. — 1. ;i.S iier cent neutral .sodium citrate solution (triba.sic). 
2. Glycerol to moisten the tubing. 

Procedure . — The jiipeltes sliould be rin.scd with distilled water and dned 
with warm air only (no acetone or alcohol). Before blood is drawn from the 
finger tip the entire pipette should be rinsed with citrate solution. Then the 
citrate should be sucked up to the ungraduated part. This citrate is bloum 
out into a small test tube. 'I’he lilood is then allowed to flow (bj' capillary 
action) into the jiipettc — which .should lie in as horizontal a po.sition as po.s- 
sible — up to mark 0. Then let the blood flow into the citrate test tube, mix it 
well, but avoid format io)i of bubbles. The sedimentation test may be set up 


.J 



; vji/ 

Fis. 1. Fig. 2. 


immediately or, at the latest, in the course of the next five hour.s. If the sedi- 
mentation is set up immediately, the pipette may be used again without being 
cleaned beforehand, otherwise it may be used only after thorough cleaning 
dr 5 'ing, and renewed moistening with the citrate solution. 

For setting up the reaction, moisten the tubing with a small drop of 
glycerol at its lower end. Slip almost the entire length of the rubber tubin"- 
(which is about 4 cm.) over the pipette. The glass bead pressed aside the 
blood citrate mixture .should be .sucked up to mark 1. By dra%vinr. the ’rub 
her tubing upward, the blood column is raised up to mark 0. (lAecessarv 



748 


Tin; .lOUHNAI, or I.AHOKATOIIV ANO (TANKIAI. mwicink 


correct by sbiftini? the bciid in.siflc the <ubin(:.) Now lln,* pipette is inserted 
into the stnnd whicli is jnit info the fliennos flask, pi'evioiisly fdled ivith water 
at 20° C. Headintrs are taken after thirty, sixty, and one hnndred and twenty 
minutes with a slow sedimentatiini and after thirty and sixty minutes only if 
the sedimentation is fast. 


in;n:iti;N'ci; 

Uciriiel, II. : niiilkoorix'rclii'n^i'iiloiiii;, ,1. Sprin^’i'r, imi,"' Hk 


A SODK'JI LAUKVL Srr.FATE SttlAnilLITV TH.‘4T FOR THE 
IDE.XTIFfCATIOX OF I'.VEU.MOrOOCf' 


JIinwAiti) Baat.iss. Pii.O.. ^1.1)., (hiiCAra). li.i.. 


OINCE Neuleld in 15)00 demonstrated that juienmoeoeei w(‘re soluble in bile, 
it has been eustomary to different iaie tin’s uroui) of bacteria from stre{)fnrneei 
by treatiuo; the orfranisms with bile or one of the bile salt prejmrafion.s. The 
difficulty in obtainin<r a clear speeimen of bile is an obvious disadvantafte when it 
is to be used for a test in which the final criterion is the elearinp of a suspension 
of the organisms. Within recent years sodium desox.vcholatc has to a con- 
siderablo extent replaced the use of bile. This bile salt gives a clear colorless solu- 
tion, but it has the disadvantages of being e.xpensive and, if the pll of theincdin 
is 6.6 or less, dc.soxyeliolic acid will i>reeipilate and give a cloudy solution which 
ob.scures the test. 

Ijvsis or clearing is considered by some investigators to be hastened by an.v 
process that Idlls the pneumococcus witliout iiniiairing its enzyme activity (Jfair, 
1929), Bile, .sodium desoxycholate, .sodium ricinoleale, and most of the other sub- 
stances which accomiilish this arc surface tension depressants. Because sodium 
lauryl sulfate posse.sscd this property of lowering surface tension, it was thought 
that it might parallel bile in its action on pneumoeoeei and streptococci. This 
compound was soluble in the prc.scnce of calcium and magnesium ions and in 
the presence of acid or alkali. Witli its low cost and the case of obtaining a clear 
colorless solution, it would be more .satisfactory Ilian bile or sodium desox.vcholatc 
if the same results Averc obtained. 

Bayliss (1937) studied the visible action of sodium lauryl sulfate on various 
microorganisms. Gram-negative organisms were usually cleared while gram- 
positive organisms remained turbid when brotli cultures were treated ivith solu- 
tions of this compound. Tlie pneumococcus was a notable exception to this rule. 
All available strains of pneumococci le,stcd were found to be cleared in thirty 
minutes at 37° C. Avhen the concentration of sodium lauryl sulfate was 0.2 per 
cent. All streptococci tested wei-e found to he unaffected. Tlie ease of obtaining 

~^rom the Department of Bacteriology ami Public Health, College of Jleaiclnc. University 
of Illinois, Chicago. 
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satisfactory material for carrying out. this tost auil of roadiufr the r&sults, because 
of the ivatcr elenruoss of the solution of soflium laiiryl sulfate, Tnade this pro- 
cedure appear to he a desirable substitute for the bile solubility test. The cul- 
tures available at that time ■were limited. Since then the author has eontinued 
his observations ou several hundred strains of pneuiuocoeci and streptococci. 


KXPF.RIMKXT.M. 


Tlie action of sodium lauryl sulfate was studied by adding 0..5 c.c. of various 
concentrations of crude sodium lauryl sulfate® to an equal amount of a twenty- 
four-hour scrum infusion broth culture of the organism. Controls of the cul- 
ture plus saline, as well as uninoculatcd media plus sodium laurj'l sulfate solution 
were made for comparison. After thorough .shaking, the tubes were examined at 
frequent intervals and the degree of clearing was noted. 

During the past five veal's several hundred pneumocoecus cultures, including 
all the 32 types for which commercial typing antisera are available, have been 
subjected to the action of sodium lauryl .sulfate. A few strains of pneumococci 
which did not fall in the types for which commercial typing antisera are available 
have al.so been tested. All fre.shly i.solatcd .strains liave been readily soluble. 
Occasionally an old laboratory strain was encountered which was soluble -with 
difficulty or, in rare instances, was unaffected. In such instances the effect on 
the organism of sodium dcsoxyeholate or of bile was also proportionately de- 
creased. Treatment of the pneumocoecus in a manner which prevented the lytic 
action of bile also stopped any effect by sodium laurj'l sulfate. Cultures heated 
to boiling for ten minutes were unaffected by' either substance. 

Pneumococci which have been recently isolated .showed rapid clearing even 
in dilutions of sodium lauryl sulfate as high as 1 :2,560. Table I illustrates the 
comparative clearing action of this compound and of sodium desoxycholate on 
type XI pneumocoecus. 

Numerous strains of pneumococci have given results comparable to those 
in Table I. With these results in mind a routine te.st for use in the identification 
of pneumococci was established. This consisted of adding 0.1 c.c. of a 2 per cent 
solution of sodium lauryl sulfate to 0.9 c.c. of a twenty-four-hour infusion broth 
culture. A control in which 0.1 c.c. of normal saline was added to 0.9 c.c. of the 
culture was also performed, although the results were striking enough so that 
this was not usually necessary. Both tubes were then incubated at 37° C. for 
thirty minutes before a final reading was made. With this routine procedure 
all freshly isolated strains of pneumococci -were cleared. 

A 2 per cent solution was best prepared by making 2 Gm. of crude sodium 
laui-yl sulfate up to 100 c.c. with water. It was foimd desirable to heat, but 


Dreft" is a sodium lauryl sulfate product manufactured by Procter and Gamble r-nm 
Pany. it consists of about 50 per cent inorganic material, mainly sodium ■'Ulfate nurf 
oO per cent organic compounds. Of the latter, about half is sodium laurvl sulfatS and^thl 
remainder are compounds very similar in structure and properties such "rb 
esters of decyl. myrlsty). cetyl, and oleyl alcohols. The normal variation of ccmuTBlUoT,^^.!? 
sources'^"'*^ substances corresponds to that of coconut oil and palm kernel oil from Plural 

, “Dreft" is very soluble in -water hut frequently on standine- at room tBmnr.r-,*,.— „ 
precipitate will settle out of the solution. This can easily be redisBolved bv a -white 

at 3-- c.. the solution remains clear indeflnitely. coi._ouea by warming. If kept 

, McClure and Harris (13-10) have recommended the u^e of a Bimilar ~ , 

fate product, Duponol WA, In soluhllitj' tests for pneumococci. -imiiar ..odium lauryl sul- 
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not lo autoclave, to aid in dissolviim flic coiiijintind. 'I’o rcinovo any particles of 
dirt it was jiassed tlirouirli filter paper. AVlien kept at 07° (k. it remained ready 
for u.so at any time. 

Numerou.s strains of .stri'ptococei, incindinj: alplia. lieia. and fjamma types 
have heen unaffectod liy the sodium lauryi sulfate solution. In each instance 
there has heen eitlier no elcarinsr action or occasionally a slifjhtly inerea.scd 
turbidity, jiossibly due to llie inerea.seil disper.sion of the intact organisms by 
this surface tension dcpres-ianl. I’arallel te.sts witli bile and .sodium dc.soxycholate 
have in each in.stance given similar results. 

^Microscopic examination at freipient intervals of the pneumococcus cultures 
following tlic addition of the .sodium lauryi sulfate demonstrated decrea.sing num- 
bers of intact organisms. With .streptococci no di.sapiiearance of the baelerin 
was noted. Cultures of gram-negative bacteria to which relatively high con- 
centrations (1:50 to 1:100) of the compound have been added u.sually showed 
macroscopic clearing, with a marked increa.se in the viscosity of the media, 
though microscopic examination revealed no marked lytic action on gram- 
negative organisms, such as Kschcrichiu coli. 

.SUJIJtAKV 

Sodium lainyl sulfate rajiidly cleared suspensions of imeumoeocci with dis- 
integration of the organisms. Several hundred strains of ]mcumococei of various 
lA'pes have been .studied and found to he lysed nqiidly in a 0.2 per cent con- 
centration of the compound. 

Al l freshly isolated strains showed definite clearing within thirty minutes. 
Streptococci under the same conditions were unaffected. 

The test is best performed by adding 0.1 e.e. of a 2 per cent solution of 
crude sodium lauryi sulfate (“Dreft”) to 0.9 c.c. of a 24-hour culture. Usually 
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the results can be determined in a few minutes, but if elearing does not occur, it 
is necessary to iuculvate the mixture at for onc-balf hour before the final 

reading. 

KKI'KRKXCK-S 

Xeufcld, F.; tJcticr eitic pppcifisclic l):iktcrolytischc Wirkiing dcr Gallc, Ztschr. f. Hyg. u. 
Infektionskr. 34: 454, 1000. 

Mair, W.: Aulolypis and Soiuliility of Pnouniococpiis in Hilo. Systom of Baotoriologj' in 
Belation to Medicine, Med. Bo.“. Council Great Britain, London, II. M, Stationer^' 
Office 2; ICS, 1929. 

Bayliss, if.; Visitde Action of Sodium Lanrvl Sulfate on Microorgani.sras, J. Lab. & Clix. 
Mei>. 22: 700, 39.'i7. 

McClure, G. y., and Ilarris, A. IT.: The Use of a Detergent in .Solubility Tests for the 
Identification of Bneuinococci, Annual Itcport of the Division of Laboratories and 
Research of Xcw York State Health Department, page 47, 1940. 


A :METH0D for ilAKl.XO SECTIONS OP RONES AND TEETH® 


Elbkrt B. Ruth. A.JI., Ph.D., Cixcixx.vti, Ohio 


T he usual methods of studying the finer aspects of bone and tooth structure 
emploj' thin celloidin or paraffin sections, or slabs of bones or teeth, sawed 
from the specimen and ground as thin as possible by some appropi’iate tech- 
nique. The former method yields satisfactory studies of the cj*tologic picture, 
and the latter is capable of producing excellent .studies of Haversian sj'stems 
with their lamellae, lacunae, and eanalicnli. Both of these methods are valu- 
able and necessary, but both haA-e certain drawbacks. 

The method herein described, in supplementing the other methods, gives 
excellent pictures of bone architecture, with only the eanalicnli shonung 
poorly. The lamellae and lacunae, however, are demonstrated in a striking 
manner not seen in ground sections, or in the celloidin or paraffin sections. 
An additional advantage is obtained through the use of umstained and rela- 
tively thick (80p. to 120/x) sections, which offer a three-dimensional picture. 


PROCEDURE 


This method may he applied to bone in any state — fresh, fixed, or ordinaxy 
dried skeletal material. The best results are obtained when the bone is free 
from soft tissues and grease. Fresh bone may be fixed first or macerated in 
Warm water until clean. Any appropriate fat solvent may be used for de- 
greasing; acetone works Avell ivith fresh bone, and either acetone, benzene, 
or gasoline is satisfactory for dry bones. 

Deealcification is accomplished in 5 per cent hydrochloric acid. The use 
of nitric acid is not recommended, since it seems to make the organic matrix 
brittle in some cases, and this results in a certain amount of splitting of the 
tissue. Hydrochloric acid decalcifies rapidly and does not cause maceration 
of the organic matrix if the tissue is not left in the reagent too lon^ De 
calcification is considered to be complete when about 10 c.c. of the acid .soln 
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tion covering,' tlic .spocimcTi is iiddod to iin Ofiuiil volurnn of ciiiiiil jiarls of 5 
per cent nmmoninm liydroxido and 5 per cent animoniinn oxalate, anti iin 
precipitate is formed. When deealeififalioii i.s eoinpieto, the tissue is washed 
in tap water until the acid is remo\'ed. 



Fip. 1. — Section of n luuiian inct.-icarjnil bone viewed wllli the -subslaRe condenser low- 
ered and the concave mirror tilted to brlnfr out the lanielhir structure. The black dots are tat. 
lacunae (X160). 

Figr. 2. — Another field of the same section n.« Flfr. 1. showlnc the third dhucnslonal ef- 
fect obtained when focusing on a Brcatly cnlai-Bcd llavcr.slan cnntil. This section wa.s cui 
freehand ivlth a razor blade (XICO). 


The tissue next is placed in a potassium liydroxidc-glycerin .solution, such 
as is used in the Schultz technique for clearing; embryos for demonstration of 
the skeleton. The formula used is; 

Water 77 c.c. 

Glycerin 20 c.c. 

Potassium hydroxide 3 Gm. 

The tissue remains in this solution until the matrix becomes semitransparent, 
when it is placed in rising grades of glycerin (50 per cent, 75 per cent, and 
100 per cent) until completely cleared. 
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Tlie glycerin is rcinovocl from the tissue by washing in several changes of 
70 per cent alcohol. This is followed by I’cplacing the 70 per cent ethyl alco- 
hol with n-butyl alcohol, G.P. Two or three baths of butyl alcohol may be re- 
quired in order that there may bo no ethyl alcohol left in the tissue. The last 
butyl alcohol bath may be saved, and the alcohol may be used later to dissolve 
the paraffin out of the cut sections. 

The next step is to infiltrate the specimen with paraffin and to embed for 
sectioning. At least three paraffin baths (one hour or longer in each bath — 
according to the size of the specimen) are recommended. 



Fig. 4. — Section of the tooth of a flsh to illustrate the application of this method to the 
sectioning of teeth. Freehand section cut with a razor blade (X160). 


Sections may be cut in any of three ways: (1) freehand with a razor 
blade; (2) with a well microtome and a straight-edge razor, or a microtome 
knife; or (3) with a celloidin microtome that will cut sections up to 200/i. 
The sections in Figs. 1, 2, and 4 Avere cut freehand. The section in Fig. 3 
was cut at 120;/. on a celloidin microtome. By cutting sections of different 
thicknesses, from 40/i to 200fi it appears that the sections from SOyn to 120/t 
give the best pictures of the arrangement of the circumferential lamellae 
HaA'ersian systems, interstitial lamellae, and the interrelationships of the 
Haversian canals. 

Sections are put into a container witli enough butyl alcohol to cover 
them. They remain rolled up until the butyl alcohol has dissolved awav the 
paraffin in which they are embedded. Removal of the paraffin is accomplished 


Tin; .IOPI!N.\I< 01' l.AUnilATOUV ASI> Cl.lNU’At, MKIUCINT: 


7 ;') 4 

ill (lie jiaivillfiii oven. 'I'lio llrsf Inifyl nleoliol liiifli u'ill remove most of tiip 
paniflin. Iiiit tivo more 1ml lis in Imlyl iilcoliol an* neee.ssary to remove nil 
traecs of imraflin. tilyeerin is adtletl to tlie Inilyl aleolml of the final hath in 
ri.sin'r pereentaj^es — 25 jier emit. .51) pm- eent, and finally UK) per eeiit. fllyeeiiii 
replaces the butyl alcohol and elear.s the .sections. 

The sections are mounted more or le.ss jiermanmitly in ''lyem-in .icily. They 
may be studied in ‘ilyecrin, but itm-cl to be in a smni.solid medium for photo- 
mierotrra])hy, or for handlin': over a period id' time. (>reater |»ermanence may 
be <rivcn the slides by rin'j:ine: the cover slip with p;old size and Dell’s cement. 
A (hick .icily is recommended, accordin'.; to the followintr formula: 


U.P.P. firntuiliir t.'’ dm. 

ni.stillcd water .'>0 e.e, 

Olyeeriii r.c. 

I'lieniil ery.stiil.s “ (im. 


The frelatiu is ])uf into (he water and melted with oentle heat. ’The <rlyeeriii 
may lie adilod at this time .after lirst rlissolviii': the jihenol in the 'rlyeerin. 
The molted 'rlyeerin .icily should be (iltered (hroutrh moist, hot flannel hetoro 


using. 


The soetions tire taken from jnire glycerin and jiressod between two filter 
pajiors to remove excess glycerin. Tlie melted .icily is ])i))e((od onto a warmed 
slide (tlie number of drops neei'ssary is *-asiIy aseertaiiiml after several trials), 
and the section is jilaeed in (be .ielt.v. 'I'lie eovcrslij) is ai>])lied. after wnrniin" 
over a flame, and (he excess gelatin is pressed out from under the cover slip. 
Slides arc readilj' eleaiiml jifter (he gelatin hardens by mitting nwn.v anj 
gelatin extending onto the slide beyond the vovor slip. Wiping the slide with a 
damp cloth comidotcs the cleaning ])roce.s.s. 

Proper use of the miero.seope in the stud.v of (he ])re])ared .slides is (piite 
as important as the differmil .sle|)s of jn-ejiaralion of the ti.ssiie. The lighting 
effects that are desired to bring' out the details of the sections, are obtained 
by manipulation of the substage condenser and mirror. In one position the sec- 
tion appears to he illumiiialed b,v retleeted ligiit, as seen in Fig- '5- Another 
position of the inirrov and coudeiiser gives (lie appeavaivee of li'ghting hy trans- 
mitted light, as in I'hgs. 1, 2. and 4. In the former position (he surface topog- 
raphy of the section is seen in three dimensions, and hy proper focus the de- 
tails of the A'ascular eliannels and laeiniae are emphasized. The.so details may 
bo studied Avith various magnifications. In (he latter position the details of 
lacunae and lamellae are emphasized. This brings out the true architecture of 
the boiio — the boundarie.s of the llaveivsian .systems and the relations of the 
interstitial and circumferential lamellae being displayed in a striking nmn- 
ner. To produce tlie effect of reflect od light the eondeiiscr is raised as high 
as possible, and the mirror is tipped in dift'erent directions until tlie desired 
result is obtained. To bring out the lamellar strneture the condenser is slowly 
lowered, and again the mirror is moved in different directions until the desired 
effect is obtained. The concave mirror is ahvn 3 'S used. 

The use of the higher grades of ethjd alcohol for doh.ydrntion, and x.vdol, 
or other clearing reagents ordinarilj' msed before passing tlie tissue into 
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paraffin, hardens the ostein, and changes it. optically so that the structural 
details are shown very ])oorly, or not at all. 

The use of Lendrnm’s technique (Caricton, ,1938) for softening dense 
fibrous tissue' was found to he advantageous Avith teeth and with bones largei- 
than rat hones. 'J’hc decalcified bone is placed in a solution of 4 per cent 
phenol for four to six days at room temperature. If any signs of maceration 
appear, the treatment must be stopped at once. The bone is wa.shed in .several 
changes of water at 4")° (!. until the odor of phenol no longer can be detected. 
The specimen is then cleared as de.scribed. The re.sl of the treatment is un- 
changed. 

SU.MMARY 

Fresh, fixed, or dried bone s{)ecimcns are decalcified in 5 per cent hydro- 
chloric acid. 

The decalcified bone is cleared in pota.ssium hydroxide-glycerin .solution, 
and finally in rising grades of glyeci-in (50 per cent, 75 per cent, and 100 per 
cent). 

Glycerin is removed from the ti.ssue by wa.shing in 70 per cent alcohol, AA'hich 
is replaced by n-hutyl alcohol (three baths). 

The specimen is infiltrated with paraffin® and is embedded in a block of 
suitable size. Sections may be cut freehand Avith a razor blade; on a Avell 
uiicrotome, AA'ith a section razor or microtome knife; or on a celloidin micro- 
tome. Thick sections are used for .stud}% 80/i to lOOp. 

Paraffin is dissolved out of the sections in several changes of n-butyl alco- 
hol, and the sections arc placed in .several changes of rising gi-ades of glycerin : 
25 per cent, 50 per cent, and 100 per cent. 

From 100 per cent glycerin the sections are moirnted in a thick glycerin 
.telly, and are studied microscopically Avith different lighting effects attained 
by the raising and loAvering of the sub.stage condenser, and the movement of 
the concave mirror to reflect the light from different angles. 
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EYEGLASSES TO BE USED WITH THE BIXOCLII.AIJ IMICHOSCOPE* 


Alfiikd Pi-aut, jr.D.. Ni:\v Youic, N. Y. 


F or several years a pair of special e.veglasses lias proved )ieli)ful to me, a 
hyperopic person, while using the hinoenhir niieroscope. The glasses are 
crescent-shaped, 1.3 cm. high in liie center. Over (he tipiier concave hordcr, 
1 look into the oculars of (he niicro.scojie. ’With the hitiikni binocular one 
can sit in a very convenient iiosition without strain on the inu.s’eles of the neck. 
(These eyepieces form an angle of 135° with the vertical tuhe.) 1 had ahout 
one-third of the upper rim of the oculars removed on the lathe, tiu.sh with the 
tube of the eyepiece, enabling me to get as near the eyepieces as can bo done 
without gla.sses, and thus getting the benefit of the whole microscopic field. 
It also prevents the eyeglasses from catching at the microscope and it permits 
free movement of the head. "When the upper portion of the eyepieces is eone- 
shaped, as in the Speneer outfit, this is unnecessary. 



fi(t. 1. 


The glasses arc weaker than the ones u.sed for reading. Hence, witliout eye- 
strain and without much moving of the Jiead, it becomes possible to overlook the 
table I am working on. At the same time, the glasses are strong enough for writ- 
ing and reading. Tlie strength of the gla.s.ses is a matter of individual choice. 
Except for continued reading and for observation of finer details, such glasses 
can be used for most laboratory activities. This oliviates the too frequent 
changing of eyeglasses. Pig. 1 is self-explanatory. 

•From Beth Israel Hospital, Non- York Cltj'. 
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THE IHTUITinX f.’f)N(’ENTl?ATK)X T]«T OF REXAL FUXCTIOX'' 


XouMAX G, SciiNKr.iir.iJc., M.I)., AVu.mam B. Likoi'I’, M.l)., and 
I. EinvAUn Rmix, IM.f)., PiiiLAnci.i’HiA, Pa. 


P OSTERIOR pituitary extract iiiliil)its water diure.sis by producing an in- 
creased rcabsorption of water by tiie renal tubular cj)itliclium. Its u.se, there- 
fore, has been advocated as a substitute for the required period of water depriva- 
tion necessary in the iicrformance of the standai'd I’ishberg test. This period of 
water restriction represents a considerable inconvenience to the patient and a 
.source of error wlien the jiatient fails to cooperate. 

Tlie u.se of pituitary preparatio?is in the pej’formance of kidney function 
tests was first advocated in 1930,' and since then sporadic references to its use 
have appeared in the literature.- Recently, Sodeman and Engelhardt® attested 
to the efficacy of surgical pituitrin in i)roducing a urine, in l-'j nonnal .sub,iects, 
as concentrated as that produced by a “modified Fishborg technique. ’ 

The purpose of this study is ( 1 ) to compare, in unselccted hospital cases, the 
urine concentrations obtained after an in.iection of surgical pituitrin without a 
period of water deprivation, with urine concentrations obtained in the same pa- 
tient following the usual period of water restriction advocated by Fishberg; 
and (2) to .iudge the clinical applicability of the pituitiin te.st. 

JtF.TIIOD.S 

Four procedures were employed: 

1. Fishberg concentration test : The technique used was identical with 
that outlined by l-’ishbcrg.'* 

2. Pituitrin concentration te.st ; \Vitliout fluid or food 7-e.striction the 
patient emptied his bladder at some designated hour, and 0.5 c.c. of 
surgical pituitrin (10 units) was in.iected suhcutancovisly. Three 
urine specimens were obtained hourly thei’eafter. 

3. Yolhai’d dilution test: 1,500 c.c. of fluid were admini.s'tei’cd oi-ally 
within thirty minutes after emptying the bladder. Four hourly 
urine specimens were then collected. 

1. Pi’oeedure 3 was repeated, but in addition 0.5 c.c. of .surgical 
pituitiin (10 units) was injected after the ingc.stion of the fluid. 

The specific gravity of the urine specimens obtained was mea.sured by means 
of a clinical urinometer calibrated to a standard temperature. Corrections were 
made for temperature variations"’ and protein contenF of the urine. 

In 100 patients procediu'cs 1 and 2 were caz-ried out. In 25 of these all foui- 
procedui-es were perfoi’incd. 

For the purposes of this study a specific gravity of 1.020 was ai-biti-azllv 
chosen to di^-ide the cases into two groups. Those patients concentz-atin" to 1.020 


•From the I>aborator>' of tho Mount Sinai Hospital, Pliilarhrlphlri 
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or bcllcr in nny sin^do sin.‘cinu!ii -witc coiisidorcd to Inivo normal renal function. 
Avliilo those not reacliiii"^ tliat .standard were s:roni)ed a.s represent in" ahnormal 
renal fnnetion. The i)itnilrin test wa.s eonsi<ler(‘d (o dtiplieate the Fishher" test 
when it sueecedod in ]>rodnein" a nrino which fell into the .same "I'onj) elassifiea- 
lion as tliat ohlaincd with the latter. 




o 


>1 

4^ 

W 

> 

es 

P 

O 


o 

o 

o, 

w 



Pig, uiinf conc(*ntrn(ion |>ro<lucvtI by procedures C uud 



-A comparison of Fit;hberg and pituitrin concentration tests of renal function iu 


Fig. 2.- 

100 patients. ^ , 

• Fitulti’in test (procedure-) — Inplie.st concentration. 

1 FisUberg test (procedure’). — lilplicst concentration. 


RESULTS 

In 25 patients the Yolhard dilution lest (procedure 3) produced a dilute 
urine in contrast to the definitely more concentrated urine ohlaincd n-hon this 
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to.sl was coinbiiicd witli tlio use of iiit.uilrin (])roeodurc 4). The average eon- 
centralions obtained arc frrapliieally rejn'odueed in Fi". 1. 

Tlic pitnilrin lest coin]xired favoi'ably witli llic ]‘bsli])erg test in 90 of 100 
cases. 

Of patients, comprising a group concentrating to 1.020 or a])ove by niean.s 
of the Fislil)erg tceliniquc, 4 (4.9 per cent) failed to I'cach that specific gravity 
when tlie pilnitrin tce.hniqnc was substituted. Of the 19 patients comprising 
the group with urine concentrations below 1.020 with the Fi.shberg technique, 
6 (31.5 iier cent) showed concentrations over 1.020 with the pituitrin te.st. These 
results are graphically represented in Fig. 2. 

Xo deduction can be drawn as to the effect of pituiti'in on urinai’j' volume. 
While on the whole more concentrated urines were accompanied by a reduction 
in volume, examples were encountered in which alterations in .specific gi'avity 
were independent of urinary volume. 

DISCL'SSIOX 

The production of concentrated urines after tlie in.jection of 0.5 c.e. 
(10 units) of surgical pituitrin in the face of a quantity of inge.sted fluid that 
ordinarily would have produced a very dilute urine (procedure 3 and 4) 
definitely c.stabli.shed the potency of the preparation of pituitrin used in these 
experiments. 

It is apparent from the results obtained that the pituitrin test duplicated 
the Fishherg in 90 per cent of the cases investigated. 

Of the 10 eases representing failure of correlation of the two tests, in onlj* 
four did the pituitrin test fail to reach the high concentrations obtained with the 
Fishherg test. In the remaining six patients the pituiti-in teclmique pi'oduced 
a sufficiently more concentrated urine to alter the estimation of kidnej- function 
from abnormal to noi’mal. A clinical and laboratorj- evaluation of these six cases 
substantiated the interpretation derived fi'om the pituitrin technique in that 
there was no histoi-j* to suggest a latent nephritis, blood pressures were all within 
noi’mal range, repeated urinalysis revealed no abnormal constituents, and the 
blood urea clearance tests in each instance were above 80 per cent of normal. 

Xo untoward effects have been observed wth the use of pituitrin even in 
severe hypertensives and in patients with coronary artery disease. AYc have 
avoided performing the test in pregnancy. 

The teehnique of the test is simple, causes a minimum of inconvenience to 
the patient, and by eliminating the need for any specific preparation, permits 
the physician to exercise more complete control over the patient. 

A statistical analysis of the 100 ca.ses® revealed an average difference in 
specific gra\'ity between the pituiti'in and Fishherg tests of -0.001, with a .stand- 
ard deviation of 0.0043. Thus, in any given instance within the statistical limits 
of ±2 times the standard deviation, the pituiti'in test may yield a .s-peeifie gra-vit}' 
of 0.009 moi'c than, or 0.007 less than, the Fishherg test. 

Since the normal kidney can produce .specific gravities of greater variation 
than the abnormal, the cases falling below 1.020 were analyzed separatelv, Tlicse 
yielded an average difference of -0.002, with a standard deviation of 0.0033 
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Tims, ill ;my given iiisliiiice ivilliin tin* .stiilistieiil liniils of ;i2 limes tlie stmidarrl 
devialioii, llie pitiiitriii lest may yield a speeifie gravity of 0.008 more tlian, or 

0.004 less than, the l‘’islilierg. 

Of the 100 eases. 47 liad speeifie gravities raiigiiiir from 1.01.7 to 1.02.7. This 
signifieani, intermediate zone revealed an average differeiiee of -0,0002 and a 
standard deviation of 0.0020. Tims, values ^vilh the piUiilrin test eaii vary from 
0.00.7 more than, or 0.00.7 le.ss than, the l-'i-shliorg in this groiiji. 

The anal.vsis further indieates that any given pitnitrin test yieldimr values 
of 1.027 or above, or 1.017 and below, will almost invariably agree with the 
Fishbeyg test. 'Within the range of 1.017 to 1.027 the probability of the two 
le.st.s agreeing beeome.s le.ss, diminishing as the arbitrary divirling line of 1.020 
is approaehed. 

However, the analysis jiresujipo.si's that the b'i.shberg lest is a eonslant 
standard and will not vary appreeiably from day to day. Wi* demonstrated thi-s 
basic .supposition to be invalid by a survey of 12 iialienis who revealed a signifi- 
eant da.v to day variation in sp('eitie gravities obtained with the Kishberg tech- 
nique. 

Before the piluitrin test may be aceeplod as a subslitiilo for the Fishberg 
on the basis of its technical advantages an<l 00 per cent correlation revealed in 
this series, or re.ieeted on the ba.sis of its statistical ju'obabilil.v of dis.'igrecnicnl 
with the Fi.shberg test, one must .substitute more substantial ejuteria for.iudging 
the clinical applicability of this new te.sl. Thi.s can only come about in the future 
through long-range ob.servafion of patients in whom both tests have been jier- 
formed. 

Sl'.M.MAKV 

1. Surgical pitnitrin in the do.se u.sed (0.7 e.c. or 10 units) is an active 
preparation capable of concentrating urine. 

2. The substitution of i)iluitrin for the jieriod of water dej)rivalion u.sed 
in the Fi.shberg tost resulted in a 90 per cent correlation of the two test.s. 

3. Absolute failure of the test was encountered in onl.v four eases. 

4. In si.x cases the pitnitrin lest apparently more accurately reflected kidney 
function than the Fi.shberg test. 

5. Statistical analysis of the results revealed an ai)j)rcciable jm.s.sibilily of 
disagreement between the two test.s when sjieeifie gravities range from l.Olo to 
1.025. 

6. A true clinical evaluation of the test will depend upon furtlier compara- 
tive studies. 
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THE 


STANDAEDIZATIOX ANI’) ASSAY 
TOLUIDINE I'.IAJ]-; ANO AZIJHE 


OF UEPAinX BY THE 
A liEACTIOXS*’ 


Au’ked L. Coelkv, :\r.D.,t Xku- Yokk 

CUKM. E.. K 


, X. Y., ANO Eavip Y. ^Y^lTXl:Y IJI, B.S 
anvas Citv. Mo. 


BBIJI’A h (!iaf in view of iho incirasin'r usa of liojiariii a direct clieiii- 
icnl usNuy inctJiod i.s of decided advaiilas'c. ]n two jjrcvion.e pnpei's''- the 
foliiidinc blue method of licpaviii assay (metiiod T) ■was partially otitliiicd. The 
pieseiil paper i.s a result of our e/Torfs to increase llie accui'acy and to widen the 
scope of this method. In addition, .since tJie biolojric.'il a.ssay nicjliod.s for liepaviii 
diflor greatly in ro.siilt.sv it scorned advisable to attoinjrt (he standardization of 
tire xinit of heparin by employing the colorinicti-ic assay. 

The toluidinc blue I'oaetion was described by EisoiF' as .sjrecific only for 
sulfuric acid esters of high molecular weight. i‘c/erring jri’iniaril.v to chondroitiu 
sulfuric acid. Chondroitiu suit uric acid has (lie amino sugar galactosaniine, 
^^hcreas Jorpes and Bergstroem^' dcmonsti’atcd llial lieparin contains glu- 
cosamine. fhey identified heparin a.s a mucoitin poly.sulfuric. e.stcr and .7oi'])Cs' 
tested it with toluidinc blue. Heparin was found to ))c a mucoitin .sulfuric acid 
lesiduc b.'i Cliarles and Todd," and these groujrings were sliown in the analytical 
values of (he .sodium .salt by Iteinci't and ^Yintcrstcin.'’ Bai’ium heparin was 
shown by Cliarles and I odd" in a recent eominnnication to vary in jiotcncy 
with the .sulfur content. 


Toluidinc blue is not tlio only dye which gives a metaehromatie I’caetion with 
sulfuric acid esters, for Conn'® lias .shown tliat toluidinc blue is vcr.v .similar in 
composition to aziii'C A. Therefore, wc undertook to tost aziu’C A Avith regard 
to its rclationsliip to hc])arin and in compari.son with toluidinc blue. 


KXPKRUrEKTAL 

We liaA'c nsed the folloAving dyes manuractured liy (he Xalional Aniline 
Ciiemieal Company, toluidinc blue under the name NU-3, and azure A under 
the name of NAz-7,t as certified by the Commission on Standardization of Bio- 
logical Stains, Agi-icultural Experiment Station, Geneva, N. Y. Bolli products 
are on the market and, as Dr. Conn has been advised bj' the luannfaclnrcr, they 
liave on hand enough NU-3 recently manufactured to last for about four A'cars.§ 

•Prom the Hixon Laboratorj’ for Sleilleal Research. Univcrsltv of ICnnsa.s School of Arccli- 
etne, Kansas City. 

Received for puhlication, April G, 1D42. 

tGoIdwater Jlemorial Hospital, AVelfare Isl.and. Kew York. 

twe are indohted to Dr. H. J. Conn for rechccking oiir sample NU-3 and for svipplvinsr ns 
•with the sample of Azure A (NAz-T). 

gPcrsonal communication, October 29, 1941. 
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COri.KY and WniTNl'Y: 


J^TANDAKPIZATION AND ASSAY' OF IlKFAIUN T63 


Wc have been supjilied with jtrojni rat ions of lieparin ])y Connauglit Ijaboratorios, 
Lederlc Laboratories, and Al)l)ott Ijaboratorie-s wliich were a.ssaycd biologically 
by Dr. A. F. Cliarlo.s. Dr. C. 'SI. :\roadow.s. and Dr. ^V. C. Ris.scr. respectively. 


MKTHOD I 


Frocrdnyc . — Make np 1:1.000 tolnidinc bine (TB) or aznre A (AA) by 
adding 1.G9-19 Gm. TB (N'U'3) to 1.000 c.c. or 1.149-1 Gin. ,-\A. (NAz-7) to 1,000 
e.e. o£ distilled water. In a series of lest tnbes place 1 u (Muvray-Best nnit*”), 
2 u, 3 n, 4 n, and 5 n of lieparin CLT-110 (Connaught Laboratories, Toronto. 1 
nig. containing 110 n), make up to 5 c.c. with distilled water, and add 1 c.c. of 
1:1,000 toluidine bine (TB). 100 per cent dye strength. Shake, and after stand- 
ing for fifteen minutes, centrifuge at 3.600 r.p.ni. for fifteen minutes. The super- 
natant fiuid is decanted and coiniiarcd on the Duboscq colorimeter with a solu- 
tion of 1:6,000 toluidine blue (100 per cent dye strength). The concentrations 
of dye ai'c computed in gamma. Six cubic centimeters of the 1 :6.000 toluidine 
blue solution contain 1.000 gamma of dye. It has been discovered by experience 
that those solutions containing from 300 gamma to TOO gamma give the most 
accurate comparisons. In view of this experience we select those concentrations 
between these limits for our computations and take the average as our result. 
After the residual dye concentrations have been computed, they are each sub- 
stracted from 1,000 gamma (the original dye concentration), giving the amount 
of dye reacting mth the heparin present. Dh-iding this quantity by the units 
of heparin in the test, the amount of dye reacting u-ith each unit of heparin is 
obtained. Dmduig the amount of dye reacting with each unit by 150 gives the 
strength in colorunetrie ( Copley-'W'hitney) units. 

Besults . — In the test on a Connaught Laboratories sample. 110 u per milli- 
gram (CLT-110), that we iised as a standard, the follouing concentrations were 
determined : The 3 n test contained 585 gamma of dye and the 4 u test contained 
431 gamma of dye after centrifugation. Subtracting these amounts from 1,000 
gamma, the initial concentration, we obtain 415 gamma and 569 gamma, re- 
spectively, as the amounts of dye that reacted "with 3 u and 4 u of heparin. 
Therefore, 415 gamma divided by 3 gives 138 gamma of dye reacting with each 
unit of heparin, and 569 gamma divided by 4 gives 142 gamma of dye reacting 
with each unit of heparin. The average of 138 gamma and 142 gamma is 140 
gamma per imit of heparin. Since the valuation of the Connaught Laboratories 
appeared to us rather high, and in order to simplify future calculations and 
standardization, Ave decided to establish 150 gamma of dye per imit of heparin 
as the standard. Samples were diluted up to 1 u (Copley-lThitney) per cubic 
centimeter and tested as in the preceding method. 

Three and 4 colorimetric unit tests diluted 1 :5 and 1 :10 Avere compared 
on the K & E spectrophotometer (Fig. 1), Samples of TB 1:10.909 and 
1 :15,000, diluted 1 :5 and 1 :10 and compared on the K & E spectrophotometer 
Avere found to approximate the 3 unit and 4 unit tests. respectiA'ch'. From 
the above compai-isons. 0.15 mg. of 100 per cent TB — TB (XU-3) 59 per cent 
dye str ength as TB; AA (XAz-T) 87 per cent dye strength as TB AA'ere 


‘Alurray and Best" fixed the unit ot heparin as O.oi me. of a ert-stili.-n.. .. _ 

unit of tlie "pure'’ sodium heparin, whicii is based upon the barium salt, ecpials 
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absorbed liy each 1 u of lie|)arii). On eoinpariii!' siibsequenl lesis on diliile 
solutions of lic])arin with staiidai-d Tit and AA solutions of 3 :30,90f) 3 ii and 

1 :15,000 = 4 11 in tlie Duboscfi eolorimcl»‘r, the aei'uraey Avas Aviliiin less than 3 n 
of heparin provided the heparin solution as stock sanpile contained hr-ss than 30 n 
per euliic centimeter. 



-130 500 600 700 

WAVeLENOTH tnn 

Kip. 1. 


In Table I various lots of licparin from different sources wei'e run at. the 
indicated dilutions. These dilutions were calculated to make a solution con- 
taining about 1 u per cubic centimeter. The concentrations listed are the aver- 
ages of three tests each, no concentration varying more than 50 gamma from 
the average. To arriA’e at the units per cubic centimeter ive sulitraet the residual 
concentrations of-TB in 3 u and 4 u tests from the original concentration of 1,000 
o-amma, then divide each by the decolorization value of 1 u or 150 gamma, then 
divide bv 3 u and 4 u, respectively, and average the I'e-sults. For oxnmple, taking 
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samj)lc No. 1 ; u = 585 "ainnin. 4 ii — 431 irainiiia ; 1,000 "amnia - 5S5 "amma 
== 415 "amnia. 1.000 "amnia — 431 "amma •— 560 "amma; 415 gamma ~ 150 
= 2.70 11 . 500 gamma -r- 150 — 3.70 n : 2.76 n 4- 3 — 0.02 ii. 3,70 xi 4- 4 = 0.05 xi ; 
0.02 \x aiul 0.05 xi averages 0.035 xi. 


Tahi.t: T 


Tur. Coi.or.iMr.Tuie Ukit ox- Ilre.w.iN' With thk Drno.'Jccj Coi.oniMCTnr. as Exptarssirr) riv tick 
DEC 0T.or.i7..\Ti0K OF A TounpiKF. Bi.xtf, Soi.irTiON* or 1,0(10 G.vmma er.n O r.r. Foi.t.owikg 
THE AnniTtox or 1 to .5 Aktko.vgui.an-t Txit.s of Hki'af-in 


Xl'M- 

liHR 

rno* 

IiIXTR 

MIA'TinX 

rOKrKNTU.VTION' OK TOTXIOIKK BLrK, y 

u/r.c. 

ORIOIXAI- 

STRENGTH 

3 i; 

2 u 

3 C 

4 V 

m 

TON'- 

nior. 

1 

cr.T 

1 mg./nn c.o. 

855 

713 

585 

431 

.341 

■KlIlllM 

0.94 

103 u/nig. 

2 

CLT 

1 nig./ 15 c.c. 

77S 

580 

385 

24.3 

0 

1.000 

1.31 

20 u/ntg. 

o 

CLT 

1 mg./llO c.c. 

S4S 

0G3 

552 

44.3 

320 

■KllHIl 

0.90 

106 n/mg. 

4 

HLB 

1 c,c,/4nn c.c. 

718 

.510 

342 

211 

0 

1,000 

1.38 

552 u/c.c. 

5 

HLR 

1 c,c./40n c.c. 

777 

571 

.307 

201 

0 

1,000 

1.28 

512 u/c.c. 

c 

LL 

1 c.c./l.lOO c.c. 

774 

041 

473 

410 

208 


Hi 

1,106 u/c.c. 

7 

LL 

1 mg./lOO c.c. 

029 

050 

505 

454 

315 



99 u/mg. 

s 

LL 

1 nig./lOO c.c. 

HI 

023 

5.34 

49.3 



iH 

9.3 u/mg. 


CLT =; Connaught laboratories ; HLXX = HofTmann-L-aRoche ; L.L. = Loderle Laboratories. 


TABI.K II 


PnoTor.i.ECTT.ic (Evf.lyx) STt:piF.s With 3 akd 4 Coi.op.niETRic Unit Tests of Toletoixe 

Blue (TB) axd Azrr.E A (.A. A) 


riLTER XUMBEr. 
sin 

THREE EXITS 

Fon: EXITS 

TB 

AA 

AXTRACE 

TB 

.u. 

AVEK.VGE 


60.5 

67.0 


07.8 

71.8 

69.8 


42.3 


45.2 

52.0 


54.5 

540 


2.3.0 


32.0 

32.8 

32.4 

0.35 

0.5 

1.5 

1.0 

1.0 

3.8 

2.4 

660 

8.0 

15.0 

11.5 

9.0 

18,0 

13.5 


Center setting = 75. Each value represents average of dupiicate tests. 


Table III 


Coiip.xRisox Betweex Various Dilutioxs of AzxxiE A oR Tolltdixe Blxh; ox the Etelvx 

Photoelectric Colorijietep. 


filter j 

XUMBER 


DILUTIOXS OF dye 


CENTER 

iitl \ 

1:0,000 

1:12,000 

1 1:15,000 ] 


1:30,000 ! 

SETTING 

520 

24.0 

47.0 


60.5 

78.0 1 

75.0 

540 

7.0 

24.5 


38.0 




From Table II xve see that a 4 u test (54.5) equals 1:15,000 dilution (55.0) 
on Table III at 520 m/i. A 4 u test contains six times 1 :15,000 6m. dye as 100 
per cent toluidine blue, since a 4 n test contains 6 c.c. total solution. The de- 
colorization due to 4 u of heparin equals 6 (1 :6,000) -6 (1 :15,000) = 36 :60,000 
= 600 :1, 000,000 = 600 gamma. Therefore, 1 u heparin decolorizes 150 gamma 
of 100 per cent toluidine hlxxe. 


AUCTHOD II 

_ We Ixave found that in method I there is a possible experimental error of 
inO gamma between triplicate tests. Assuming an error of 40 gamma in testin" 
a solution diluted to 1 c.c. = 1 u, a 3 unit test would leave 590 or 510 "amma and 












































7G6 


TIIK .lOUHNAr. or LAIlOltATOItV AND CLINICAL JIKDICINK 


a 4 unit test would leave 440 ni' OGO ^aiuina of dye in solution. If a 0 unit test 
leaves 590 "aniina and a 4 unit test leave.s 440 "annua, flic value of the solution 
tested would equal 0.92 u jier cubic eenfiincter. If a 2 unit lest leavi's 510 "aniina 
and a 4 unit test leaves 3G0 "ainnia, the value of tlie solution tested would equal 
l.OS u per cubic ecntiineter. Keferred bade to a .sample of 100 n per inillifrrnin, 
this would mean an error of jS u per milli"ram. In order to test weidied dry 
samples in eoneent rated solution, we developed the followiii" proeediire: 

Procedure . — A measured jiortion of tin? samjile is titrnte’d in a beaker with 
a 1:2,000 solution of TB or AA mn<le up by addin" 0.S475 Gm. 7’B (XU-3) to 
1,000 e.c. or 0.5747 Gm. AA (XAz-7) to 1,000 e.e. distilled water. To this .solu- 
tion add 0.05 e.e. increments, witli swirliinr, from a 25 e.e. Iiurettc until precipita- 
tion starts, allow it to a""rt‘f;ate, and eontimie to atid slowly, drop by drop. 


Taiii-k IV 

Sajipi-e Tjti:ation-s With 0.0.'. Prr. Ck.vt Soi.utio.ws or Toi.iupi.vi; Pi.im; am. Azrai; A 


nrrARiN’ 

titi:ation-.s jn' r.c. 

ror/)i:i.'nrr- 

i;n' r.viTS 

IRKKriFICATIOX 

MO. 

I 


mggiB 

Avi:i:.\oK 

era .MO. 

Nn-50-H0 

0.-154 

K!.l 

i::.i5 


l.'t.l 

06.2 

Na-()M10 

0.‘Ju4 

12.1 

JO <> 


12*’ 

SP.7 

Na-oo-no 


12.0 

IBS 

11.0 

IBli 

S7.3 

Ba-OMOO 


in.i 

i.a.i 

1 

15.2 

SS.O 

Ba-r.2-100 


11.5 

11.(5 

11.5 

11.5 

76.7 

Ba-J.I-J-lOO 

0..■.00 

1*’.2 

12.2.' 

12.15 

12 *’ 

SI..-! 


3 ',4 u = 1 c.c. of 1:3.000 TD ; Nn IntllciiW.s ..odium .«nlt: Ba Indicate.^ barium ..alt. 


TAni.E V 


C0MPAIII.SON BCTWEKK A.VTieOAOUI.ANT AND Col.Oia.METKie U.N'ITS OK IlrrAiu.v Pao.M 

Vaiuou-s .Souners 


HKRAKIX IDKXTIKICATIOX 

ANTICOAGCbAM' U.MTS 
PKI*. MO. 

coi.oiajnrraic ukits 

PEP. MO. 

Lcdcrlf Lsil.oiatork'-s 



Na-4;5-4 

110 

100 

Xa-45 

110 

102 

Na-OO 

110 

06 

Na-01 

110 

90 

Na-60 

110 

ST 

Ba-Ol 

100 

ss 

Ba-Ci-l 

i 100 

SI 

Ba-44 

1 100 

70 

Ba-02 

100 

77 

BaOa 

100 

76 

Connauglit Baboratorie.s 

1 


I 

120 

lOS 

II 

120 

08 

III 

115 

oa 

IV 

110 

lOS 

V 

100 

76 

Abbott Laboratories 



Nn-4 

145 

106 

Ba-l-PHi 

05 

90 

Ba-O-PHi-II 

90 

90 

Ba-2-PHi* 

50 

' 77 

Briti.sli Drug Ilousot 

85 

95 

1 

So 

S4 

Ltivens, Copenhagent Na 

So 

S4 



• Dried at S0° C. and 40 mm. vacuum. 

■ ^Assayed and kindly supplied by Dr. AV. C. nisse.-. 

















COriilCY AND WIIITNI'.Y: STANDAKIlIZATIOX AND ASSAY OF HEFARIX ( 6 ( 

tmtil a distinct liluc solution c(iual to about 1 :40,000 TB is obsen-ed among the 
bcparin dye flocculation. The titvatiou iu cubic ccivtimetcrs is multiplied by 
SVn to obtain unitage in colorimetric units. Titration is materially assisted by 
bottom lighting under the beaker and it is extremely important that the precipi- 
tate he allowed to form .slowly in order to avoid overtitration. Tlic amount 
of sample plus titrating sohition should not be greater than T5 c.c. at the end 
point, for, in the coui-se of our work we find that eertain concentrations are 
neccssaiw to produce precipitation of the dye heparin complex. Considerable 
dilution before adding TB or the addition of TB of too gi’eat dilution uill pre- 
vent precipitation. Various shades of blue mixed with violet will be the result 
no matter how great the excess of TB or AA over heparin. In titration at eon- 
sidei’ahle dilution the deep violet color of the TB heparin or AA heparin com- 
plex masks the end point and makes a sharp end point impossible, except, possibly, 
a special filter in a photoelectric colorimeter might determine the end point ac- 
curately. However, since it is simpler to precipitate the interfering violet at the 
end point, we choose to do so. We fii\d that a concentration of approximately 
1:40,000 of TB or AA is necessary for complete precipitation. 

Results . — From tests conducted on samples, we have found that a 100 unit 
sample of the purest heparin with regard to our reaction yielded a 30 c.e. titra- 
tion with 1 ;2,000 TB. Therefore, we arbitrarily set 1 c.c. of 1 :2,000 TB equal 
to ZYs u. One cubic centimeter of 1 :2,000 TB equals 0.5 mg. TB; therefore, 1 u 
equals 0.15 mg. (or 150 gamma). 

Prom triplicate titrations of heparin in Table IV it can be seen that a sharp 
end point is obtained and that the test is reproducible with rather high accuracy 
(+2 per cent), and over-all accuracy about ±5 per cent.* 

In Table V the anticoagulant units and colorimetric luiits of heparin from 
various sources are compared. 


DISCUSSIOX 


Relationship Between Azure A and Toluidine Blue . — Our results indicate 
with regard to heparin that a solution of azure A of the same reactive strength 
as a solution of toluidine blue shows equal chromatic densities at various dilutions. 
We have found that a solution of azure A that will give, for example, a 30 c.c. 
titration with a eertain sample of heparin when compared with a solution of 
toluidine blue that gives a 30 c.e. titration uith the same sample of heparin will 
show the same chromatic concentration. Dr. Conrf^ stated that toluidine blue 
has not been satisfactorily standardized, and he refers to the formula” published 
demonstrating that its composition is very' similar to azure A, In view of the 
results we obtained, the question arises as to whether the difference between the 
two dyes is even as much as has been indicated by the published formulas. In 
this connection it was found that upon standing a shift in the absorption band 
occui's.^^'' From this Conn concluded that it would appear that toluidine blue can 
spontaneously change into azure A. However, such a particular chemical change 
seems to him to be improbable. He feels that there is another, yet undiscovered. 
explana tion for this phenomenon. Old samples of toluidine blue in which this 


•All weiKhings muj^t be to the third significant figure to obtain 


2 per cent accuracy. 


7GS 


Tin: .loritx-vr. f)F lahokatoiiy and cmxicai, .mi-hicixi: 


cliiuitrc in color Ini.s occurred yielded the snine results Jis nziii'c -A. These find- 
inirs seem to iiulicjilc tlial it miirlil lx; dinicnll to standardize any lcclmi(Hic tli.'if 
calls foi- tolnidine idne. However, the |>res<'nt tolnidine hhie (Nl'-H) of flic 
National Aniline Ohcinical ('oinpany, which has been made in a Avay dificrcnt 
from earli<'r lots, has to datt“ jiot shown this chaime in color al)snrj)tion. Our 
sami)le (NU-8). which was I'ccliccked hy I)i‘. Conn, did not show any cliani'c 
whatsoever in its ahsoriition maximum and atrrecs entirely in its optical clianu- 
tei’istics witli the one he has on hand.*’ 

The sam))le of NC-G (dye strength oh per cent) was compared to azure A 
(NAz-7) and the NAz-7 showed :i dye strcnfrlh of S7 jier cent tolnidine blue. 
It would apjiear tliat tlie NAz-7 lias, for instance, HI per cent impurities as com- 
pared to 41 ]ier cent in the Xr-h. AVe wonder if an ai)iircciahle amount of 
lenco pi'odiicts is present in tlie azure A as .seems to be in loluitline blue accord- 
in" to information from the manufacturer,"" However, we do not know if lcuc<i 
compounds have any effect upon the thiazins as to causiu" change in the 
chromophore group. Both azure A and tolnidine hlne gave reprodncihle re- 
.sults with heparin, and thus we feel that the.se dyes, as standardized by tlie Com- 
mis.sion on Biological Stains, can be used interchangeably. 

Comparison of Auticoaf/uiauf amt Colorimririr I'uits of Heparin . — By our 
te.st the various .samples contributed by different laboratories .show variation up 
to 33 per cent of the label value. TJiis suggests that either our test docs not 
measure the anticoagulant, value of the .sample as a whole, or else the previous 
tc.sts u.sed were not ba.sed on as reproducible conditions as oni-s. It nmy be noted 
that various biological a.s.say methods were used to determine the unit of 
heparin. +1 However, the iiossibility is present that the heparin .samples as pre- 
pared at the present time do not owe all their anticoagulant power to the heparin 
compound alone, but may be modified by plasma factors not identified''’ and 
possibly present in the allmmin fraction.'*- An alternative po.s.sibility is that 
there are pre.scnt. in the .samides impuritie,s which modify the tolnidine hluc or 
azure A reaction. Ncvorthele.s.s, we feel, since other iiolysulfuric. acid cstei-s 
of polysaccharides with comiiaratively high molecular weight c.xhibil anticoagu- 
lant activity'"' '" and also metachromatic change, as for instance in chondroitin 
sulfuric acid,'' they .seem to be of similar chemical composition. Our data may 
not truly represent the jiliysiological activity of the heimrin samjilcs, although 
the results arc pi'oportional to the anticoaguljuit activity as found by various 
workers. In this connection, a jiortion of a .sample containing about 05 u per 
milligram was dried to constant weight, heating at 30° C., under low vacuum 
of 40 mm. and with a slow stream of dry air drawn over the powder. The 
anticoagulant activity of this portion was found to he 50 u. By comparing 
the colorimetric titration we found 00 u in the first portion, 77 u in the second. 
Although the discrepancy between both portions is about 3^2 times larger with 
the biological assay method, the decrease of 13 units with our method is sig- 
nificant. In a test based on physiological .standards, such as cat or ox blood, the 


•Person.-il communication. January 1C. 1912. 

ivir Cliarles useil a mocliflcation of Howell’s metiiod by Ciinrle.s anti Scott.'- Dr. AIoatloNts 
..oed -t mocUncation of tlic metiiod of Relnert and Wlntenstein.” Dr. Kisser used a modification 
of the method of Charic.s and Scott.'- , , . . ,,»r 

J-Vosays employed by Ciiarles. Kisser, and Meadows sliow accuracies ns Iiisii as z u 


cent. 



cori.r.v AND wiiiTNi'.v: stani)ai!i»i/.ation' an» as.say or iir.i’Mtix 


70!) 


rc!i!il)ility of siicli o stoiulnnl is ;ihvjiys opoii to (|iU'Slioi). ^\f:co?-flii),L' to Jor])fs’'’ 
(liffovoncos of 15 lo 20 por cctil wro doinonstralocl with liis mclliod of standarrl- 
izalion with ox blood. O'hcro avo soasoiial chni'i.'ios reported by him. For in- 
slance. he found the tendeiiey to eoa'julation in the suniiner was at least twice as 
siroat as durin? the winter. Ollier factoi-s are mentioned by Jorpes wbicli may 
affect the eoa^nlation time, such as temi>erature, species, and admixtures of 
thromboplastin (thrombokinase). Therefore, we feel .iustified, in view of the 
indefinite status of the unit of heparin, in e.stnblishinp' a unit on the basis of 
these reliably reproducible azure A-toluidinc blue reactions with heparin. 

Colorimetric Unit of Heparin . — AVe liave demonstrated by Tables II and III 
that a 4 u test of a sample of the Oonnau<:ht Laboratories eontainin" 110 u per 
milligram, which exhibited the stron"e.st eoloriinclric reaction, decolorized 150 
gamma per Ilurray-Be.st unit. For convenience in computation we have chosen 
this sample to define tlic unit of heparin. Therefore, we present the colorimetric 
unit of heparin cfiualing the decoloilzation of 150 ;ramma of 100 per cent dye 
content of toluidine blue. It follows that tliis unit would equal 254 gamma of 
toluidino blue NU-3 or 172 gamma of azure A XAz-7. AVe discover in our titra- 
tion method (method II) that, u.sinur 1 u equaling 150 gamma 100 per cent 
toluidine blue, our results correspond with results obtained by our decoloriza- 
tion method (method I). 


.SCJfJfARY 

1. The toluidino blue reaction for heparin was developed bj' u.se of the 
Bubo.seq and EvcKti colorimeters and .shown to be practical for a-ssay pm-pejaes. 
The same reaction for heparin was found to be .specific with azure A. 

2. The relationship between azure A and toluidine blue is discussed. AA’ith 
heparin, azure A yielded 87 per cent dye content as toluidine blue compared to 
59 per cent dye content toluidine blue. 

3. A titration method of positive value for heparin a.ssay was established 
which yielded rapid re.sults, reproducible to ±2 per cent, over-all accuracy about 
±5 per cent. 

4. The comparison between anticoagulant and colorimetric units is dis- 
cussed. 

5. The colonmetric unit of heparin is defined. One unit of heparin de- 
colorizes 150 gamma of 100 per cent toluidine blue dye content. This unit 
equals 254 gamma of toluidine blue NF-3 or 172 gamma of azure A XAz-7. 

We wish to thank Dr. A. F. Charles of Toronto. Dr. C. M. Moadow.s of Pearl P.ivor, X'. Y., 
and Dr. W. C. Rissor of Xorth Clifcajio for supplying us with thoir preparations of htparln. 
U'o also wi.sh to thank Dr. M. J. Conn for his courteous cooperation. 
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THE QUANTITATnn^ 


ESTLHATION OF GLUCUKOXATE.S I.N' UEINE® 


\Vm. Dkicuji.vx.n, Pii.I)., Ci.ncin.v.vti, Ohio 


T he need lia.s long been fell for a reliable i]nanlitative nietbocl of estini.'itbisi 
gluenronalcs in urine. .Such a method would lie of .special value in determin- 
ing the c.xtent of exposure of workmen to any compound which luid Iiecn found 
to be detoxified by con.iugation with glucuronic acid. 

Some of the methods reiiorted in the literature rc((uirc from eighteen to 
twenty -four hours for a single analysis (Stiuer,' Kakinuma") ; others, based on 
the formation and distillation of furfural, arc disturbed if glueides are present, 
and are not sufficiently precise in dealing with amounts less than 2 nig. 
(Tanabc,^ Fiirth and Peschke''). Venning'^ employed a gravimetric procedure 
but obtained onlj' approximately correct results. Florkin,® and Maughan, 
Evelyn, and Browne" have developed a quantitative method from ToUens 
qualitative naphthoresorcinol test, but single estimations were found unreliable. 
Eecently, Meyer, Block, and Chaffee" have reported a method for the estima- 
tion of uronic acids in pure solutions. 


• Prom the Kettering I.,-\boratoi-y of Applied Physiology in tlie College of Medicine of the 
TTniversity of Cincinnati. 
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Principle of the Mdhnd. — The method employed here is also a modification 
o£ Tollcns' original test. hnt. in contrast to similar procednres previously re- 
ported. it makes use of a jireliminary hydrolysis at 75° C.. a great excess of 
naphthorc.soreinol. and a hydrochloric acid-uaphthorcsorcinol mixture heated to 
50° C. Further, the final estimation is carried out -with a photoelectric spec- 
trometer or Avith a photoelectric colorimeter. 

Experiments have shown that few compounds will interfere in this deter- 
mination and that an occasional urine sample requires preliminary treatment. 
If urine contains no pentose or glucose, then the recular procedure is followed. 
However, if the concentration of pentose is found to be about 0.03 per cent or 
that of glucose is about 0.3 per cent, the sample analyzed should then be re- 
duced to about 0.1 ml., and Avhen the concentration of these sugars exceeds 
these limits, the urine samples should then be freed of them prior to hydrolysis. 
The presence of 1.0 per cent protein or 0.2 per cent ascorbic acid does not inter- 
fere. (The normal excretion of ascorbic acid ranges from 30 to 50 mg. in twenty- 
four 110111-3,^^ which is not in excess of 0.025 mg. in 0.5 ml. of urine. It was found 
that when 0.5 mg. of ascorbic acid and 0.12 mg. of glucuronic acid were added to 
a 0.5 ml. sample of human urine, the recoveries of glucuronic acid ranged from 
0.121 to 0.132 mg.) 

Eeagents Required. — Hydroeldoric acid (19 Gm. in 100 ml.). 

Xaphthoresoreinol® (10 Gin. iu 100 ml. of 95 per cent ethyl alcohol). 
This reagent is centrifuged or filtered and will remain stable for five days if 
kept in a cool place protected from light. 

Ether, C.P. 

METHOD OF .ANALYSIS 

(1) Determining the Xecd for Removing Interfering Substances. — The pres- 
ence of glucose is readily deteraiined by Benedict's qualitative test. Amounts 
of ascorbic acid sufficient to cause interference may be suspected only in cases of 
A’itamin medication. Testing for pentoses may be carried out by ToUens' 
lest slightly modified as follows: To 1 ml. of urine and 1 ml. of concentrated 
hydrochloric acid is added 0.1 ml. of 10 per cent naphthoresorcinol in 95 per 
cent ethyl alcohol. The mixture is boiled for one minute in a test tube with 
constant shaking, peimitted to stand at room temperatime for four minutes, 
cooled tmder the tap, and extracted AA-ith 10 ml. of ether. "Wlien the urine is 
free of pentose, the ether is purple (with the exception of unusual cases that 
contain no glucuronic acid at all) ; in the presence of 0.1 per cent pentose the 
ether is colorless, Avhile intennediate concentrations give various shades of purple. 
(This unusual behavior seems to result from the speed of reaction of pentose 
with naphthoresorcinol. The latter appears to be faster than the speed AA-ith 
Avhicli glucuronic acid and naphthoresorcinol react. Hence if pentose and slu- 
curonie acid are both present in a sample of urine, pentose aaILL react first, fonn- 
iug a broAvnish-black ether-insoluble pigment; the absence of color in the ether 
layer is then due to the fact that the naphthoresorcinol has been used up. The 
preliminary hydrolysis in the quantitatiA’e procedure makes a large amount of 
“free” glucuronic acid available for immediate reaction. The hinh concentra- 


•Purchased from B. L*. Lemkc, 24S ‘West Broadway, Xew York Citv. 
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tioii of iiJiplithoro.soi'ciiiol is iKsMlorl, J)cf{iiiS(> lliis coMijjoimcl i-cjicls iiol only 
with fjfliicnronio noid l)ut prubnljly wilh ninny inipnril ics ; ;m oxocss fiiniislics 
cnoiiudi for rcaotion willi llic iirinnry cnnslitin'iils flint form otlicr-insolnlilo siili- 
stniu-os aiul for (he rencfioii with filueiironie nei<i wlicrehy the purple eflier- 
soliihle eolor is produced. These Iwo fnelors nre nininly iisponsihle for the fiict 
that {ilueuronie neid enn he sat isfneldrily determined in relatively lai'ire urino 
samiiles 10.5 ml.l M-ithoiil removal of iiiterferiu'j: .suhstnnees. To study (he color, 
it is best to set uji a few .sjieeiinens of norninl urine to which have hecn added 
known amounts of arahinose. i 

(2) lirviDval of Iiifrrfi rinri .Suh.cfinuu s. — 'I'iu' removal of iuterferiii!: suh- 
staiU'ies is accomplished by preeipitatum with lead acetate in sliuditly acid solu- 
tion. as sutiyested originally by Quick.'" and the precipitation of conjugated 
.'jlueuronates with basic lead acetate, aecordin?,'- to Tollcns,'' 

A .small (plant ity (0.2 to 0.4 ml.) of the urine to be tesled is measiin'd info 
a 15 ml. conical centrifuge tube. dilut(‘(l to 2 ml. with water, and made acid to 
litmus with 1 to 2 drojis of "laeial aisdic acid. Then, 0.2 ml. of 5 per cent lead 
acetate is added and the .sample is mi.xed and centrifiniod. Tests should ho made 
for complete pnicipitation of inlerferinir substance's by the addition of a drop of 
lead acetate. If iiiTcijiilation is found to be incomplete, an additional 0.1 ml. 
of lead acetate solution is added, the mixture is shaken and auain centrifum’d. 
This lu'oeedure is rept'ated until precipitation is eomiilete. The supernatant 
fluid is poured into a similar ec'ntrifuire (iilie and O..*! ml. of 10 per cent .sodium 
hydroxide is added. If a precipitate' does not form, more' .sodium hydroxiiie 
added until a iiermanenl in'oeipilale is ohtaine'd, 'riien 2 ml. eef the basic lead 
acetate .solution® are added, .‘ind (he contents are mixed and ecntrifuired. 7V.sts 
should be made for complete pre'cipitatiem of irlucuronates by tiie further ad- 
dition of a drop of basic lead acetate. When preci]>itation is com]>le(e. the super- 
nataul fluid is discarded jind the precipitate is wasiu'd by thorou;j(hIy stiri'imr 
it, with 10 ml. of water. 'I’lie mixture is e'entrifuyed airain. the .sujn'i'nalanl liepiid 
is discarded. The residue is transfe'rred epiantitativel.v. emplo.viii'r 5 ml. of con- 
centrated hydrochloric acid followed by 5 ml. of water, into a 50 ml. uriiduated 
cylinder and then incubated for fifteen minute's at 75° One milliliter of 10 
per cent naphthore.sorcinol is added, and the cylinder is allowed to stand for 
ninety minutes in a water bath maintained at 50° C. After cooliiifr under the tap. 
the .solution is extracted with ether and the remainder of the determination is car- 
ried out as described lielow. 

(3) Analysis . — (The analysis is started at this point if interfering: ammmts 
of glucose, pentose, protein, or a.scorliic acid eire known to bo absent.) 

The .sample of urine is mixed avcII, and its total volume is determined. J» 
the case of human or dog urino. 0.3 to 0.5 ml., and of rabbit ’s urine, 0.2 to 0.4 ml., 
is then pipetted into a 50 ml. glas.s-.slo]i])ered graduated cylinder and diluted 
with water to 5 ml. After the addition of 0.2 ml. of 19 ])cr cent hydrochloric 
acid, the whole is kept for forty-five minutes in a water hath at 75° C.; 5 ml. 
of concentrated hydrochloric acid and 1 ml. of 10 per cent naphthore.sorcinol are 
then added, and the cylinder is alloAved to stand for ninety minutes in a water 


• Pipnareu bv UcatinB 10 Gni. of dibasic load acetate with 200 nil. of water 
and stirring for a'few minute.s, the solution is allowed to cool and is nitored. 


after boili'n?? 
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l)atli inainlaiiu'd at a()° C. After roolintr under tlio taj), tlie solution is extracted 
with 10 ml. of ether by shakinii the cylinder vigorously for five seconds. After 
separation into two layei'S, sufiicient ether is added to brinfi the ether volume 
to exactly la ml., and it is mixed by frently rotating the cylinder. Addition of 
the second jiortion of ether will eompletely clear up any slight turbidity caused 
by water in the upper layer. 



Fis. 1. — Transmission cur\‘e of the ether extract. 



Fib. 2. — Glucuronic acid. Concentration versus densitj' mea.sured with the spectrophotometer at 
.570 mil emploj'ing 10 mm. matched cells. 

(•4) Colorimetric Reading . — The colored ether is now pipetted into a «-}a.s.s- 
stoppered flask and is ready for spectrophotometric analysis, which is carried 
out by using 10 mm. matched cells, with the instrument set at the wave len^h 



774 


TfiK .louiisM. or LMtoiCA'roitv .i\i) ciJSJCM. Mi:masi: 


of 7)70 in/i. The liiial estiiiintion iiiny alsfi lur earried <tu(. willi <-<iii!illy "ood re- 
sults. witli a Leilz ])li(iUi(‘loelric (•(ilorinicter einployitiir the •.Mceii /liter No. F-401. 

Fig. 1 gives the IniiKsmission etirve of I lie piiriiK'iit foi'iiied under llie eon- 
ditioiis oiitliiied in this in’oeedui'e. 

Fig. 2 gives the rcihilionsidp liefwcMUi tleiisily and efinei-ntration (jf ghieuronie 
aeid per liter of urine wlieu the {>hi)l<ieleelrie .sjieetronieler is enii)lo.ve(l. 

Fig. d gives the relationshifi hefu-een etniec/itration of glneiironie aeid per 
liter of urine and readings with tlie photoeleetrie e(il(>riineter. 

Figs. 2 and d were prej)ared l»y jilotliiig the readinirs oI>lained when known 
aqueous .solutions of j)ure ghieuronie aeid (or of a eon.lunated gineiironale) were 
analyzed hy lliis iiroeeilure.'- 



Fisr. 3 . — Glucuronic .nclil. Conointrntlon vciyii.*! renOinK ivltli the I/'ltr pluilnclcctric ciilorimcter 

with jcrccn niter No. F-IOl. 

(5) Calcithihon. — I'lie followiii" extiinple will serve to illustrate the calcu- 
lation; if 0.25 ml. from a (tital volume of 2S'(l mi. is anal.vzed. and a eoneentra- 
tion of 70 obtained from Fig. 2 or Fitr. d, then: 

0^ ^ total volume. 

(6) Ccriuin PraciiiaJ Consulmilions . — 

(a) The alcoholic naplifhore.sorcinol .solution eniplo.ved mast he prr- 
fccily char. The amounts of impurities in this coinjiound vary; 
it is, therefore, advisable to plot new curves with each new lot of 
naphlh orcsoreinol . 

(b) The colored ether solution is stable for about one hour; it should 
be protected from direct sunlight. (Prolonged standing causes an 
increase in the intensity of the color.) 

(c) The analysis must be carried out without, dela.v after the addition 
of hj'drochloric acid. If it should bo found necessar.v to remove 
interfering substances from the urine, a coin'enient pohit to m- 
terrupt the analysis comes after the precipitation of glnenronates 
with basic lead acetate. 



DWCIIMANX : 


(JtTANTITATIVK K.STIM ATIOX OK (:i,UCUI!OXATn.S IX URIXE 775 


(d) An oxcc.xs of iieid load aoctatc imisl be avoided because this Avill 
mull in loss of j.duouronates. 

(o) Normal human urine suffers no loss of glucuronic acid when per- 
mitted to stand for a week at room temperature Avithout pre- 
servatives. 



, . I- — Excretion of inoiBanie sulfates and glucuronic acid in the urine of rabbits fol- 

■",'t'tig a single oral administration of about half the lethal dose of phenol, o-, m-, and p-cresol, 
cjclohexanol, and cyclohexanone, respectively. 


EXPERUIEXT.VL 


Table I summarizes the recoveries of free and con.iugated glucuronic acid 
added to noi-mal human or rabbit urine and analyzed without previous removal 
of interfering substances. The recoveries are satisfactory. Table II gives the 
amounts of free and con.iugated glucuronic acid recovered after their addition 
to urine containing glucose or araiiinose; here again the urine tvas not subjected 
to preliminaiw treatment. It can he seen that the presence of 0.03 per cent 
arabinose or 0.5 per cent glucose does not interfere ivith recoA-ery of tlie con- 
.iugated compound; the recovery of free glucuronic acid is slightly less com- 
plete. Table III shoAA's that foIloAving the romoA-al of interfering substances 
from the urine, as outlined above, 0.25 per cent arabinose added to the urine is 
remoA'ed to a sufficient degree to enable recoA-eiy of the conjugated glucuronates ; 
a slight loss of glucuronates is noted. hoAA-CA-er, Avhen urine contains 0.5 per cent 
of tins pentose. Table IV summarizes the excretion of glucuronic acid in tAA-entv- 
tour-hour specimens from normal men avJio Avere under no dietarv restrietiom 
file daily c.xcretions ranged from 65 to 239 mm These amounts' bore no reh' 
tionship to the total volume of urine excreted. A young dog on a diet consisting 
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.SAMI’I.K 


Ainn:it 

(MO.) 

i i-rrovciirn 

i fMfi.) 

Iilueiironie neiil 

O.n ml. Iiiimnn iiriiii' 

n.fiti 1 

0.07 

0.5 m\. htinmn iirino 

0.12 

0.1 

0.5 ml. Inimnn iiriim 

0.1.1 i 

0.10 

0.25 ml. nibliit urine 

0.12 i 

0.10 

0.25 ml. niliOit iirim* 

0.1.1 

0.17 

O.-l ml. nililiit urine 

0.12 

0.15 


niirne(il(;Im 

•uronie aeiil 

0,5 ml. liutmiTi urine 

(i.OC, 

nji7 

0.5 ml. lintmin urine 

It.OO 

U.05 

0.5 ml. hiinuin urine 

0.12 

0.14 

0.5 ml. humnti urine 

0.1,1 

0.1." 

0.5 ml. liumnn urine 

0.1.1 

0.17 

0.1 ml. rnWiit nrim- 

0.12 

0.12 

0.1 ml. rabbit urine 


0.21 


1 m-'nl 

0.25 ml. lium.'in urine 

o.oi; 

u.\)7 

0.25 ml. liuman urine 

0.12 

0.14 

0.25 ml. liuman urine 

0.21 

0.24 

0.25 ml. liuman urine 

0.24 

0.20 

O.'l ml. rabbit urine 

o.i:! 

0.10 

0.1 ml. rabbit urine 

0.0(! 

0.0,1 

0.1 ml. r.'ibbit urine 

O.M 

0.1.1 

0.1 ml. rabbit urin(“ 

0.21 

0,21 


’Intorforitin sub.utnncfs wen- not n-tnovcil. 
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(•O^t|•0l■^T> 


.SAJtl'I.K 

0.1 Ml. or iiAiimT ritiKK contaisino 

Aimim 

(.Mfi.l 

t’.f.rovr.r.KP 

fMO.) 

(ii.fcntoYir Acin 

0.5% Rbieose 

0.0 (i 

0.05 

!'•"% ifluco.se 

0.12 

0.11 

0..'5% pluco.se 

0.1,1 

0.1 P 

0.5% {fluco.se 

o.o:; 

0.02 

0 .~>% gluco.^e 

O.Oti 

0.05 

0.5% {;Iueo.so 

0.12 


0.05% arabinose 

O.O.'l 

0.02 

0.05% arabino.se 

O.Oti 

0.04 

0.0.5% arabinosc 

0.12 

0.10 

0.1% arabino.se 

O.IS 

0.1-4 

0.1% arabinosc 

0.13 

• O.OP 

0.5% arabino.se 

0.12 

0 

0.5% arabinosc 

0.12 

0.04 

0.5% arabinosc 

0.12 

0.03 


TJORN'KOLnUTCnnOXIC ACIP 

0.5% fflucoso 

0.00 

0.00 

0.5% gluco.so 

0.12 

0.14 

0.5% glucose 

O.IS 

O.IP 

0.5% glucose 

O.IS 

0.17 

0.5% glucose 

O.IS 

0.10 

0.5% glucose 

O.IS 

O.IP 

0.5% glucose 

O.IS • 

0.17 

0.03% arabinosc 

0.12 

0.11 

0.03% arabinosc 

O.IS 

0.17 

0.05% arabinosc 

0.12 

O.OP 

0.05% arabino.se 

O.IS 

0.15 

0.1% arabinosc 

0.12 

O.OS 

0.1% arabinosc 

O.IS 

0.13 

0.5% arabino.se 

O.IS 

0 ^ 


•Interfering substances were not removed. 
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TAnr.K III 


Eecovet.y Of' Geucukon'ic Acid Ai)m:i) to Uiiixe After Eemovad of Akabikose and Gi.ccose 


SAMPT-K 

0.1 Ml. OF UAP.niT URIKK rONTAIXIXG 

rOMI’OUXD 

i ADDED 

1 (Mfi.) 

P.ECOVEBED 

(.MG.) 

1 rfl^UrPT.ON'IC ACID 

0.1^ arahinose 


0.11 

O.GS'/f arahinose 


0.08 

0.259c arahinose 


0.09 

0,59r arahinose 

0.12 

0.09 

0.59c arahinose 

0.12 

0.07 

h.59r glucose 

0.12 

0.11 


1 p.onN'f:or.GT,T.'rrF:os-if acid 

0.259J; arahinose 

0.06 

0.05 

0.259^ arahinose 

0.06 

0.04 

0 . 23 % arahino.se 

0.12 

0.13 

0.259e arahinose 

0.12 

0 . 1.3 

0.259ic arahinose 

0.12 

0.10 

0.259?; arahinose 

0.12 

0.10 

0 . 59 ?: arahinose 

0.06 

0.06 

0 . 59 ?; arahinose 

0.06 

0.04 

0 . 59 ?: arahinose 

0.12 

O.OS 

0.5% arahinose 

0.12 

O.OS 

0.5% arahino.'o 

0.12 

0.10 


Table I\' 


Glucct.oxic Acid Context of IsOrmal Humax Urixe* 


(The volume of samples analyzed ranged from 0.25 to 0.5 ml.) 


CASE 

VOr.I'ME OF THE 24-HOUR SPECIMEX 
(.Ml.) 

LD 

370 

LD 

405 

FW 

.500 

RH 

.540 

HP 

600 

lUD 

660 

HD 

750 

HP 

7<in 

RH 

775 

AVD 

795 

A\T) 

795 

LD 

800 

RH 

845 

ATO 

870 

\UD 

.885 

FAA' 

025 

HD 

945 

\VH 

95(t 

\VD 

950 

\VD 

1.003 

HP 

1.070 

AB 

1,100 

HD 

1.100 

FF 

1,260 

6N 

1,350 

GN 

1 ,505 

\VD 

1,640 

GX 

1,945 

GX 

2,025 


oi.cccp.oxic acid IX the 24-houb 

URIXE SPEaJIEX 

(AIG.) 

117 

114 

125 

139 

65 

128 

83 

84 
101 
139 
186 
105 
130 
158 
224 
1.59 
120 

163 
104 
12.3 

75 

239 

154 

SO 

142 

139 

164 
154 

146 


•The urine 


ii.e 111 me WHS Hilt .subjected tl> preliininaiT treatment iKmilse — ~ 

OunntiUe.s and the .subjects ‘.{ad ?ot”;«e]v 3 d^scorbi? 
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oC bcc'J' lieiirl :iml “kihlilos” (dried doi; food) oxcrclod daily fornix days from 
24 1o lOS nip:, of frliK'iiroiiir acid, and raiibit.s on a diet of Purina jicllfts ox- 
cri'lcd daily for cipdifccn ilays from lb to 7.') ni!'. 

l-'ip'. 4 shows the drop in inoruanic snlfati-s and tin- corrcs|»ondinp increased 
onl])Ut of pdiicnronic acid in rahhits foliowinir administration of half the Ic-flial 
oral dose of jilicnol. o-, ni-. and j)-crcso!. cyclohexanone, and cyclohcxanol, rc- 
sjicctively. 

sr.MMAItY 

]. A (inaiititativc in'ocislms' is presented for the estimation of plncnroniitc.s 
in urine. The method is snnicienlly ndiahh' for (dinieal am] industrial use. 

2. The daily outjuit of 'rlucui’onates for men on an uni’estricted iliet raniu'd 
from Gf) to 280 mp:. jier tweiity-four honr.s. A dop excreted from 24 to K)S nip. 
and rahhits from lo to 7:i mp. for one-dav pmdods. 

3. The administration of ahmit half the lethal oral dose of jihenol. o-, ni-, 
and j)-eresol, eyelohe.xanol, and eyeloliexanoiie. respectively, ju’oduees, in ad- 
dition to the well-known drop in tlie out])ut of inorpanie sulfate.s, a sharp rise 
in the excretion of pliicuronates. 

'I'lie l)oi*nc(>lf;liicii!'oriI«. ;iiwi Ih" iiiftiUiMl^ltu.iti t.nif- ju'ifN \vt »•.* iiri'P-'in-il MMtl klnOIy .‘^ap- 
plk'd liy Dr. Arniund T. (Jiilca <if .Mnniu.'lti. riilM.r.<itv .Schoul ef Mrillcliic : the glucuronic ncin 
wa.-i klmll.v supplk.a for tlie.Mc .^tudl.-.s |«.v .i. u. Harrow'i r of the lauver.-ll.c of 'Wiscpu.slri. 


I!i:i.t:hi;n-ci:s 

I, Saucr^ ,T.: Pio (]uiintttativc CtI,vktiron..siureI>c,-{iiuiiiuiip itn tram i.st cine I/'licrfunktions* 

priifuiip, Klin. Woliii.^ciir. 9; P.'I.An. Ipao. 

P. TCiikiiiunin, .'Sjibiiro: .Microqu.-intilnlivt' K^limnlio)! of (ilu, Free and Cniijiipnled 
Glucuronic Acid. A M('llio<l of Dcleriiiination of Glururonir Acid in Prc.^'cncc of 
Gluco.«o in lluinan and Kahhit Frine, .1. Plian/i. .‘soc. .tapan 59: Ii:!.'., lOaO; GO: -tSh 
19-10. ' 

3. Tanalio, Va.«uliisa: llioclicmical .simlio.s on (’.•irliolivdrafe.-j. X.\'X. Our lodoincfric 

Atotliod for flic Dctcruiinalion of Gliu-uronic .Vcii’l .1. Uiorlioni. f.Ttipan) 27: "'‘h 
193S. 

4. i iirtli, Otto, and Pcschlu*, Karl; Itbor Mikrobc.-itininiune d(*r Glucon.-diuro, Itiiudioia. 

Zt.'iclir. 287: 3 (m, I<i;t(;. 

r,. Venninp, Kleanor If.: Further .studic.-i on the Kstinialion of .Sioall Aniount.s of Sodliiai 
Prcpnancdiol Glucuroniilatc in t'rinc, ,r. Hiol. 12G; .'>9."i, I9.3S. 

C. Florkin, Marcel: Frincipes d 'unc nicthodc dc do.-iipe do 1 ’acide !flucuroni(iuc, Conipt. rend. 
.Soc. de Idol. 12G: 91 G, I!i37. 

7. Manpban. G. B., Kvelyn, K. A., and Brounc. .7. .S. I,.; A Method for the Quantitative 

E.stiniation of Glucuronic Acid an.i (’onjuuated Glucuronide'; .7. Biol. Chem. 126: 
-jOT, 193,S. 

8. Tollcns: Handbuch dor Kohlonhvdrate, ed. 3, r.,eiiizi;;, lilM. 

9. Meyer, Karl, Block, Henry ,S., and ClmlTee. Kleanor: 'I’lie Folorinielric Determination 

of Uronic Acids, Federation I’roc. 1: IP.!, UMP. 

10. Quick, A. .1.: The Preparation and .Study of /S, d-Glvcuronic Acid Monobenzoate 
(Benzoyl Glycuronic Acid), ,7. Biol. Clietii. 69: .l-lf, Uipti. 

II. Best, C. II., and 'Taylor, N. B.: 'The Physiological Bnsi.s of Medical Practice, Baltimore, 

19-10, Williams & Wilkins Company. 

12. Quick, A. -T.: A Method for the Quantitative Determination of Menthol Glycuronic 
Acid in Urine, J. Biol. Chem. 61: 6G7, 1921. 



THE DETEinriNATIOX OF BROMIDES AND CHLORIDES IX 
BlOl.OOICAL MATERIALS AXD AX ACCURATE CLIXTCAL 
METHOD FOR DETERM IXIXO BRO:\IIDE IX 
SMAl.L A:\lorXTS OF BLOOD'’ 


IjKON a. ( IliKKN'ItKRC. XlIW II.WKX. CON.V. 


TX CARRYIXG out a series of invest i.sal ions on tlie effects of ingested bromides, 
the needs arose for: (1) a rapid metliod for determining accuratelr both 
bromides and chlorides in a single wet sample of tissue or blood; and (2) a 
rapid and reliable clinical method for determining the concentration of bromide 
in 0.1 c.c. of blood as drawn from a needle prick. Trial of the various methods 
for determining bromides and chlorides reported in the literature showed that 
none fully satisfied these needs. Two procedures which did satisfy them were, 
therefore, developed and arc reported here. The findings from analyses made 
on predetennined amounts of bromide and chloride are given to show the ac- 
curacy of the methods and in addition the results from a series of determinations 
on the comparative bromide content of whole blood and senira. 

All determinations of bromide in biological material are carried out in two 
stages: (1) the treatment of the material to obtain the bromide in a form and 
medium suitable for estimation; and (2) the estimation of the bromide. Three 
general methods are available for carrying out the fii’st stage: (1) deproteiniza- 
tion; (2) destruction of the dried organic material by alkaline ashing; and (3) 
destruction by acid digestion. 


TRE.\T1IEXT OF JtATEFJ.VL. 

Deproteinization can be applied only to fluids; it imposes limitations also 
on the methods for estimating the bromide. It has been used for the electrometric 
titration and colorimetric estimation of bromide in blood, serum, and cerebro- 
spinal fluid, but not previously for direct chemical estimation, as in the clinical 
method to be described later. 

Alkaline ashing is the treatment most commonly used. A review of the 
literature shows, however, that it has given unsatisfactoiy results in the hands 
of many investigators. The method in general requires the use of dried material 
and is open to errore from spattering, overheating, and transfer of materials. 
Xeufield' has described a modification of the Francis and Harvey method with 
which he obtained accurate recoveries, but the procedure required six to eight 
hours for a single detemination. Brodie and Friedman- have used a tv-pe of 
ashing described by Kendall" and report that a complete determination mav be 
made in about two hours with accurate recoveiies. In this laboratorv we have 
not been able to obtain eonsistentlv- accurate residts with alkaline ashin«’ pro- 
cedures. 

•From the I>aboratory of .Appliefl Physioloff>-, Yale Univer=itv Vew Hiv/r. r- 
Received for publication. July 15. 1942. " ' 
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Acid dincstum. except in liie ronn < 1 !’ flic dosed Cfiriiis* procedure. Inis lieeii 
used much less emiunonly tinm the nllciilitie iisliintr. K Ims llie .'nlviintii^e llial 
it is a wet diiiestiou and it is rajiid. ft has, lio\eever, tin' particular disadvantaia' 
that, the hroinide innst first he converted to an insolnlile salt to pn'Veiit loss and 
then after the dieiestion reconverted tosolnhle hroniide for esliniaf ion. llarliier.' 
failin';: to obtain .satisfactory results with allcaline ashinir, used eoneeiitrated 
nitric acid in the presence of silver nitrate, lie converted the silver hroinide to 
.soluble hroinide liy treatment with zinc and sodium sullide. Doerino.''' nsiirj the 
closed Garins method, found tliat this eon veision was not always qnantitalive and 
cmplo.vod zinc only. The jiroeedure look many hours and any advaiitaeie ol 
speed of the acid digestion over the alkaline ashing was lost. 'I'he proeediire to 
he described in the next section as a laboratory method for the determination of 
liromide and chloride in ti.ssne employ.s acid <li.i;estion hut siii'cessfully overeoiius 
the .slow conversion of tlie silver halides with zinc by dissolvin': them in sodium 
thiosulfate .solution and reeoveriu,!: the soluble hromiile. 

i;.sTi.MA'ri()N or imo.Mim; 

I‘'our methods, each with various a<lvantaoes atnl disadvanla',:e.s. are eoiii- 
monly used for estimatint: bromides after treatment of the material; (D 
colorimetric determination; (2) elcetromet He titration; (2) the liheration and 
estimation of bromide; and (d) the oxidation of the bromide to hroinate and de- 
termination by iodometrie titration. 

I'^or colorimetric determination of bromide the reaireiits n.sed have Iieci' 
nuore.scein,' fuchsin,*’ and ^mld chloride.'' All colorimetric methods have proved 
poor because of their lack of sensitivit.v, inaccuracy, aiul uonspecitieity. A method 
using gold chloride fir.st described by Walter'’ and later modified by Wnth’'’ and 
by Diethchn” has, in spite of its inaccuracy and nnndiahility. been used in many 
clinical investigations beeanse of its simiilieity. 

Electrometric titration of bromide requires cither that the bromide be pres- 
ent in concentrations approximating that of chloride jire.seiit or the ju-eiiminavy 
removal of most of the chloride. Its usefulness is eorresjumdingly limited. 

Several methods have been dc.scribcd for the oxidation of bromide to free 
bromine.'"'''' Ail of them necessitate an e.xact regulation of conditions to avoid 
the simultaneous formation of chlorine, incomiilete oxidation of bromides, or 
lo.ss of bromine.' All the procedures arc time-consuming. 

The oxidation of bromide to bromale is quantitative in the prc.scnee of eldo- 
ride and the procedure for carrying it out is rajiid and simple. The method 
originating with A'an der Jlculen,'-'’ and modified by Kolthoff and Yutzy,'" i"- 
voices the oxidation of bromide to bromatc by the use of liypochlorite according 
to the reaction ; 

3 CIO- -s Br- = BrO.- + 3 CT. 

After the oxidation is complete, the exce.ss h.vtmclilorite is reduced with sodium 
formate. The addition of iodide to the bromate in acid solution results in the 
liberation of six equivalents of iodine, thus giving a .sixfold increase in sensitivity 
over methods in which the bromine is titrated directly. This oxidation pro- 
cedure has been used successfully bj" Dixon'- and by Brodie and bh-iedman." 
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LAUORATOllY MVrmOD I'OU DCTKRMINING BROJIIDK AND CIILOUIDK IN 
BIOLOGICAL MATCRIAUS 

Tho mctliocl described here lias proved to be rapid and Jiifrlily accurate; it 
avoids Biaiiy difficulties inlicrcnt in motliods previously described and permits the 
determination of both bromide and chloride on a single sample of material. The 
material is digested Avith nitric acid in the jiresenee of a known quantity of 
silver nitrate. The digestion requires about fifteen minutes. Tho fluid con- 
taining the excess of silver nitrate is separated from the precipitate of silver 
halides and is titrated according to the procedure of Volhardt; from the value 
obtained the total halogen content of tho material is calculated. The precipitate 
of silver halides is then dissolved in a solution of sodium thio.sulfate ; the thio- 
sulfate is destroyed and its products arc removed by beating inth hydrochloric 
acid in the presence of metallic zinc. ^Metallic silver is precipitated. The dis- 
solved zinc is preeipitated rvith sodium carbonate and the filtrate contains all the 
halides in the foian of sodium salts. The bromide is then oxidized by the method 
of Kolthoff and Yutzy’® and the bromate is detennined iodometrically. The 
detailed steps of the analytical procedure are as follows; 

To the weighed sample (about 1 Gm.) of biological material in a 125 c.e. 
Erlenmeyer flask there are added exactly 3 c.c. of 0.05 N .silver nitrate solution 
in concentrated nitric acid and ako 25 c.e. of concentrated nitric acid. The 
mixture is placed on a hot plate for fifteen minutes for dige.stion. Saturated 
potassium permanganate solution is then added, drop by drop, until its color 
persists for several minutes; a fcAV drops of 20 per cent sodium oxalate solution 
are added to remove the excess permanganate. The fla.sk is then cooled under 
V’ater flowing from a tap and placed in a rack so tilted that the precipitate of 
silver halides settles in a small area. The clear supernatant fluid is decanted into 
a second Erlenmeyer flask ; the precipitate is washed twice Avith 10 c.c. of Avater 
from a washing bottle and the decanted fluid is added to that in the second fla.sk. 
The silver nitrate in this fluid is titi’ated Avith thiocyanate and feme alum after 
the method of A’'olhard.^® The silver nitrate, as determined, AA’hen .subtracted 
from that added, gives the total halide content of the material imder analysi.s. 

The bromide in the precipitate is then determined as folloA\-.s : The precipi- 
tate is dissolved in 2 c.c. of 20 per cent sodium thiosulfate solution. Twenty 
cubic centimeters of distilled water are added and 10 c.c. of N hydrochloric acid 
and the mixture is boiled for fiA'e minutes. The flask is then remoA-ed from 
the hot plate and a pinch of powdered zinc is added; the mixture is then boiled 
Aigorously for three minutes to remove the hydrogen sulfide formed. The flask is 
then removed from the heat and 5 c.e. of 20 per cent potassium carbonate are 
added to the solution Avhich is then cooled and wa-slied into a volumetric con- 
tainer to 50 c.c. volume. The solution i.s then filtered and 40 c.c. of the filtrate 
ai’e placed in a 125 c.c. Erlenmeyer flask. 

By the above procedure the silver bromide is converted to a soluble bromide 
which is then estimated by conversion to bromate folloAved by iodometrie titration 
after tlie general procedure of Kolthoff and Yutzv* as follows: 2 N hvdroehloric 
acid is added until the acid is in slight exce.ss. Appro.ximately 2.5 Gm of 
sodium dihydrogen phosphate and 6 c.c. of .sodium hypochlorite .solution ("1 X in 
0.1 X sodium hydroxide) are added, and the mixture is boiled gently for five mi 
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utcs. Five eciifiinefoi-s of oO per eenf sodinm rorinnie soliifion are ncMed. 
I'Jic mixture is tlion l)oil('tl vigorously for five luiiiufes ami eooled, after wJiich a 
rJin. of sodium <liIiydroeeu pliospliate, 20 e.e. <il' 2 X liydroeldnrie aeid. 3 drojis 
of 10 ))er eeiit ammonium molyliiiate solution ami 1 ffm. of jtotassium iodide are 
added. Tlie liherateil i<idiiie is titrated willi (l.tlliri N tliiosulfate; tlie titration 
is eompleted in tlie presenee of o e.e. of 1 per eeiit slandi solution. A Idank de- 
termination is run wiimiever new reaeeiits are made up. and the volume of thio- 
sulfate used in this titration is suhtraoled from that used in anal.vsis. Each 
enliie eentimeter of thiosulfate is equivalent to (id. I! mieroerams of hromirie in the 
material used for analysis. 


'I'.mim: I 


l?i;( oviaars or maiMiiu: .wn (’iiioian;: I'com Aoi’ii'ies .soi.i tidns 


ni’jtMiiu: AMurn i 

(MCJ.AiM.’i 

i Mf;. ) 

riH’Nh 


(i.ass 



1.55 



I.IS 

j 

o.as; 

I •*>*» 

' 

( 

n.::7!* 





;:.n i 



ii.ast) 


0.V7C 

1. .*)•_’ 

0.77(1 

1.51 



tt.77.S 

}.5l’ 




1.5( 



0.771 

.'Mi:: 



0.77P 

.'1.0(1 



O.7.S0 

:!.oi 

].5.V_' 

1 ..*>1’ 


1.51 



l..'iI7 

1.51 



].".l 

1 .0." 


a.i'i 


.'i.nn 



1.5.-. 1 

a.oi 




a.ni 




1.5(1 



L’.aei 

l.og 



L>.::;;5 

1.50 


;:.oi 

‘-’..igi 

a.o.a 


1 

•»'>0 

.a.02 


I 

e.a.-m 

a.o5 


In Table I are iiiven the results from a .series of 24 determinations made on 
four different aqueous solutions eontainin.y known amounts of bromide and 
eliloride. The raiifre of errors for bromide is 40.00(5 to -0.009 my. and the alge- 
braic mean is -0.00015; the corresponding values for chloride are 40.04, -0.04, 
and -0.004. 

In Table II are given the results from a scries of 12 determinations made 
on single .specimens of blood to which known amonnts of chloride and In'omide 
were added. The amount of bromide and eliloride in the blood before addition 
was taken as the average for six determinations. The range of error for bromide 
is -10.004 to -O.OOS, and the al.yebraie mean is -0.0015. 

In Table III are given the results of (Fqilieate anal.vses made on various tis- 
sues of an animal previously given sodium bromide. The range of errors in any 
one series of determinations is 0.005 mg. for bromide and 0.03 mg. for chloride. 
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Taisi.f. II 


UKcovKr.iKS OK UiJOMim; axi> Ciii.ouiuk Fi:om Hi.ooii 


(111 excf','-': of iiorniitl contf>nt‘) 


BHOMiDK Annnn 
(MO./riM.) 


BKOMirtK KOUND 
(MG./GM.) 

niLORIDE FOUKD 
(MG./G^r.) 


1.5-J 

0.389 

1.51 


l.u2 

0.380 

1.52 


1.52 

0.385 

1.55 


1.52 

0.388 

1.50 

0.3SS 

1.52 

0.387 

1.55 

o.rtss 

1.52 

0.381 

1.54 


1.52 

1.548 

1.53 


1.52 

1.551 

1.50 


1.52 

1.550 

1.52 


1.52 

1.555 

1.52 


1.52 

1.552 

1.54 


1.52 

I.55C 

1.50 


‘Average of six deterniinations ; bromide 0-005 mg- per gram and chloride -5-74 m®* Per 

gram- 


Tabi.f- III 


REroVERiF-S or Bromipf- From Ti.ssi;e-s 


TI53SUE 

BROMIPE I>ER GRAM 

WET TISSUE 
(MG.) 

CHLORIDE PER GRAM 
■\VET TI.SSUE 
(MG.) 

Blood 

1.742 

2.93 


1.747 

2.91 


1.743 

2.90 

Liver 

0.722 

1.23 


0.719 

1.20 


0.720 

1,22 

Spleen 

0.891 

1.61 


0.888 

1.G2 


0.889 

1.5S 

Muscle 

0.520 

O.SS 


0.520 

0.90 


0.522 \ 

0.88 

Heart 

0.G43 

1.11 


0.G46 

1.09 


0.G4G 

1.10 


CLINICAL JIETHOD FOR DETERMINING BROMIDES 

^lany proeediires described ui the literature for the detemiination of bro- 
mide in blood are called micromethods. “ilicro’" as used in these in.stanees re- 
fers to the minute amounts of bromide estimated and not the amount of blood 
used for the analysis- To the clinician, hoivever, a micrometliod is usually one 
by which clinically important concentrations of the substance beinpr e-stimated can 
lie determined on a “micro” sample. The methods previously reported for 
estimating the bromide in blood require 3 to 10 c-c. and hence necessitate vene- 
puncture, and even with these large samples the clinical methods ordinarilv em- 
ployed are so inaccurate as to render them little more than indicators of the 
general magnitude of the bromide present. The method described here re- 
quires only 0.1 e.c. of blood which can readily be obtained by puncture of the 









784 


Tin: .louHNAi- or i,.\isoit.\Toi«Y anh ci.ixicai. .mi.dhtnt: 


skin oi.‘ tlio finR(!i‘ lips oi' c.-ir lohi-s. 'I’lic ^ciifnil iiroccdiiiTs consist in dcpro- 
loinization of llic blood, llic o.\id:ilion of Ihc lu'omidc in liic filirnic lo bronintc, 
iincl tlic iodoinctric titration of tlic In-oniatc. Tlic jn-occdiirc in dflail is as fal- 
lows ; 

Tho 0.1 f.c. of blood is dischar>;cd directly from tin; jiijadta in wliirh it i'^ 
drawn into (l.o ('.c. of 0.4;') per c<‘nf zinc sidfnlc .sointion in a test lidie. One- 
half cubic ccnliniclcr of 0.1 X sodium hydroxide solution is llnm addc<I and the 
Inbo is shaken, jilaccd in a boilinir water bath for ihri'c niinntes, and then cooled. 
The fluid is next filtered and ;') e.c. of the filtrate are i)laced into ;i second tf-st 
tube. There are then added in siicee.ssion. O.O e.c. of '2 S hydrochloric, aidd, 1 
of calcium hyimchloride .solution,*’ ami a jiineh of calcium carbonate. 'I’lie car- 
bonate .shonld be slifrlitly in exce.ss. as indicated by its persistence as a jirecipilatc. 
The tube is then jilaeed in a boilinir water bath for eiyht minute.s. after which 0.4 
e.c. of 20 per cent .sodium formate .solution is jnlded, and the tube is lusited for 
eiirht minute's more. The lube is then removed from the biilh and cooled. There 
are added in sueee.ssion 0 e.c. of 2 X hydrochloric acid and 1 e.c. of 10 percent 
potas-sium iodide solution. The tube is shaken and I),.a e.c. of starch .solution is 
added. Tlie eonfenis are then titrated with O.OtMM X .sodium thiosulfate solu- 
tion. A blank determination is made whenever new reayenls are im'pared; the 
blank ordinarily raniros between 1.0 and 1.7 e.c. of thiosulfate and .should he 
.subtracted from tlie volume of thiosulfate used in analysis. Each cubic centi- 
meter of 0.0004 X' thiosulfate corresponds to 7.(i my. per 100 e.c. of bromide or 
9.5 mg. per 100 c.c. of sodium bromide in the blood iijion which the determination 
is made. 

Ill Table IV are given the results of a series of ilO determinations made on 
blood (containing Ic.ss than 0.0;') mg. per 100 e.c. of sodium bromide) to which 
amounts of sodium bromide, I'anging from 50 to 200 mg. jier 100 e.c., had been 
added. The range of ab.solute erroi-s is fairly constant for all concent rat ions 
of bromide and is t 6 lo -5 mg. ])er 100 e.c.; the percentage error, therefore, de- 


T.\»i.k IV 

Kkcovekiks or .'Some.M Hi;o.Miiit; .\iimai to Hi.oop 


KNOWN CONCENTKA- 
TIONS or SODIUM 

COXrKN'TIIATIOX OK SOIUKM 
luto.MiiiK Korxi) 

(MG./JOO C.C.) 

RANGE or ERROliS 

bromide 
(SIG./lOO c.c.) 

MG./lnO e.c. 

CEl: CENT or .SOD1U.M 
BRO.MIDE I’KESENT 

25 

22, 2S, 24, 25, 28, 20, 2:t, 

27, 24, 27 

43, -3 

4-12, -12 

50 

47j 52, 40, 4S, 55, 50, 55, 
40, 40, 52 

4 5, -4 

4 - 10 , - s 

100 

lOli, OS, 90, 104, lOi), 05, 
90, 97, 102, 102 

+5, -5 

+ u, - •' 

150 

153, 147, 140, 150. 150, 
150, 149, 151, 153, 149 

+0, -4 

+ 4, - 0 

200 

204, 195, 190, 202, 200, 
198, 203, l‘)9, 200, 202 

44, -4 

4-2, - 2 

300 

297, 299, 29S, 304, 300, 
301, 297, 300, 30C, .303 

+0, -3 

4- 2, - 1 


A. 15 P®c cent solution of Ca(OCl)= is altered and tlie nitrate is diluted with water 1:3. 
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cirascd coiTcspoinliii'^ly with tiio iiu-rcjisc* in cniifcnt ration. At 25 m<r. per 100 
c.e. in the blood the inaxinnnn error was 12 per eont, at 100 mtr. per 100 e.e,, 5 
tier cent, and at HOO inir. per 100 e.e., 2 i)er eenl. Suel\ errors are of no clinical 
significance, particularly as eoneentralions below 100 mg. per 100 e.e. rarely 
have cUnical importance. In addition to the series of determinations shown in 
Table IV. analyses were made of the bromide content of tbe blood of 120 snb- 
.iects known to have taken no bromide medicinally; the concentrations found 
ranged from 0 to 5 mg. per 100 c.c., values of no clinical importance. A total of 
more than 11.000 determinations have been made with the clinical method de- 
scribed and the majority in duplicate with no indications of error beyond tl;e 
ranges given here. 

COXCEXTBATIOX OF BROMIDK IX WHOLE BLOOD AXD SERUJI 

The concentration of bromide is ordinarily recorded clinically as sodium 
bromide in the serum. The method as described here is applied to whole blood. 
The analytical method Ls entirely applicable to serum, but the use of whole blood 
does away A\ith the necessity of drawing large samples of blood. The concentra- 
tion of bromide in the scrum is somewhat greater than in the whole blood, since, 
as Avitb chloride, there is le.ss bromide in the corpuscles than in the serum. The 
difference is, however, slightly less than for chlorides’'-'; the relation appeai-s to 
he approximately 1:0.7. In the clinical determination of bromides even a con- 
siderable variation in the number of red blood cells would not introduce a large 
error. Thus rmth a bromide distribution of 0,7, 100 mg. per 100 o.c. of bromide 
in whole blood would at a liematocrit reading of 50 indicate a seritm of 118 mg. 
per 100 e.e. ; at 40, 114 mg. per 100 c.c. ; at 30, 110 mg. per 100 c.c. ; and at 20, 106 
mg. per 100 c.c. 

A series of determinations was made to relate the concentrations of bromide 
in seimm and Avhole blood. One hundred and thirty-one analyses Avere made 
of blood and serum on 50 different subjects who were receiA-ing, or had recently 
received, bromide and shoAved concentrations in the blood ranging betAveen 25 
and 190 mg. per 100 c.c. Blood aa-rs draAATi by A-enepimcture, oxalate aa-rs used 
as an anticoagulant, and a specimen of the AA-^hole blood and of the serum obtained 
from it Avere analyzed for bromide. The ratio of bromide in AA-hole blood to that 
in serum aA-eraged 0.88, AA-ith extremes of 0.94 and 0.87. Thus the concentration 
of bromide in AA'hole blood Avas approximately 12 per cent less than in serum. 
Conversion can be made by multiplying the results obtained from Avhole blood 
l)y 1.14 AA-ithout introducing an error of much more than ±4 per cent. In the ex- 
treme instance as that calculated aboA-e from the assumed distribution betAveen 
serum and corpuscles in marked anemia (hematocrit reading 20), the error AA-onld 
be increased to approximately 8 per cent. 

COXCLUSIOXS 

1. Tiic principles of determining bromides in biological materials are dis- 
cussed eritieally. 

2. A rapid and accurate method is described for detemining both bromides 
and chlorides on a single sample of blood or tissue. Acid digesUon is used and 
the silver halides are eonverted to soluble halides by treatmenA-ith thiosulfat 
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G. A r;ijii(l ;m(l reli.’ilOc cliiiic.'il iiirtliod is (]f-.scril)f(l hy Avliicli bjoinide win 
1)0 (loterDiined dii’colly in 0.1 I'.c. of l)loo(l «]i-a\vn from a nccdlo i)rifk. The 
motliod is more aociirato lliait any clinical inclliod jncvionsly dc.scrilit'd and avoids 
the necessity for venepunclin'i-. 
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THE DETERMINATION OF DEMEROL IN URINE MOTH PRELBITNARY 
OBSERVATIONS ON ITS EXCRETION IN JL^N^ 


Roiskrt a. L^:lI^tA^', Pif.D., axd Thkis Aitkkx, M.S. 
Nkw Tokk, N. Y. 


CONSIDERABLE interest lias arisen conceniiii" the analgesic and anti- 
^ spasmodic properties of dcinerol which is the hydrochloride of l-niethyl-4- 
phenyl-piperidinc-4-carhoxylie acid ethyl ester, A number of reports have al- 
ready appeared coneerning its aetion on various physiologic functions, both in 
animals and in man.*''* To facilitate the study of the fate and manner of di.s- 
posal of demerol in the animal body a method is suggested for determining 
demerol in urine, and .some jireliminary data arc included on the urinary elimina- 
tion of the dnig in man. 

The method depends upon the formation of a benzene-.solubIe compound 
between the free base of demerol and the d.ve bromthjmol blue (dibromthjTnol- 
sulfonphthalcin) in an equimolar ratio. The free base is first extracted from 
the urine with benzene at pH 7.5. The resulting benzene solution of demerol 
is then shaken vith an aqueous solution of the dye, also buffered at pH 7.5, 
whereupon an amount of dye approximately equivalent to the amount of demerol 
is carried into the benzene as a yellow eompoimd.t This compound is readily 
decomposed so that the sodium salt of bromthjmol blue may be extracted by 
aqueous alkali while the free base of demerol remains in the benzene and is di.s- 
carded. The amount of dye extracted may be determined colorimettieaUy, and 
thus, indirectly, the original concentration of demerol. 


PBOCEDUKE 


The following solutions are required : 

1. Concentrated buffer solution; 3.68 Gm. of NaHjPO^-HoO and 38.2 Gm. of 
Na,HP 04 '12 HjO are dissolved in distilled water and made up to one liter. 

2. Dilute buffer solution: 250 c.c. of solution 1 is diluted -with an equal 
volume of distilled water. 

3. Stock bromthjTnol blue solution; 0.400 Gm. of bromthjmol blue 
(Eastman) is dissoh’cd with wanning in 30 c.c. of water'and 6.4 c.c. of 0.100 
N sodium hydroxide and made up to 100 c.c. 

4. Dilute bromthjmol blue solution: Solution 3 is diluted 1:5 with dis- 
tilled water. 

5. Buffered bromthjmol blue solution : 40.0 c.c. of solution 4 are made up 
to 100 c.c. with solution 2. 


The first operation is to buffer the urine to approximatelj- pH 7.5. For this 
Purpos e a preiiminaiy test is made. A drop of the stock bromthjmol blue solu- 


•From the Department of Tlurapciuticr. Xow York L'niw-r.^itv Collr^r. rf Tr.i* • 
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lion is luldod lo a niixlnro of JO c.o. of coiu'cniratod Jnifu-r soltilion and 10 c.c. 
of llio urino lo l)c analyzed. The color of llie rc.snltini; .solution .should he <rreoii- 
ish blue to blue. If it is yollnwi.s'h Kreen lo t:reen, about O.o X sodinni hydro.xide 
.solution is added drop-wise from a burette until the oreeiiish-blue shade is pro- 
duced. The indicated amomit of .sodium hydroxide is later added, in addition to 
the buffer, lo fi-esh JO e.e. alifiuols of urim' for aiialysis. If the urine contains 
a .su.si)ended pi'ceipitale, as is often the ca.se, the test mixiuia* slioidd he centri- 
fuged and the color of the sujmrnalant lirpiid observed. 

Three 200 c.c. .separatory funnels are rcipiired for each determination. Ten 
cubic centimetei-s of concentrated bnfier solution, 10 c.c. of the urine to he an- 
alyzed. and the projicr amount of O.a X sodium Iiydro.xide. as determined by the 
preliminary test, are placed in the first funnel, ami enough water is added to 
bring Ibo volume to 20 e.e. Tlie demerol is exlraeted from the aiiiieous layer in 
.shaking for thirty seconds with fiO e.e. of iienzene. The aipieons layer is drained 
into the .second funnel while the yellow benzene layer is decanted through the 
neck into the third funnel which must ho dry.*’ The extraidioii is repeated twice 
with 50 e.e. portions of benzene, which are added to the first extract. The eoni- 
hined extracl.s are then .shaken for two minutes with 25 e.e. of hnnered hrom- 
thymol blue solution. The aqueous layer is drained into a (la.sk and the heiizene 
la.ver is decanted info a dry Erlcnmo.ver fla.sk. TJie bromlhymol hluo .solution is 
relurnod to the .same funnel and is shaken gently with tlo e.e. of fresli henzene. 
Too vigorous shaking will I'csiilt in an emulsion which .separates only after lonir 
standing. The aipicous layer is now di.searded. and the Iienzene e.xfraef is com- 
bined with the main portion which is allowed to stand \intil ery.stal clear. One to 
two hours is n.sually .snlTieicnt. The combined henzene extract is now decanted 
into a clean separatory funnel and extracted twice u'ith 40 e.e. portions of O.Oo X 
sodium hydroxide .solution, and the comhinod alkaline extracts are made up to 
100 c.c. with 0.05 N sodium hydroxide. However, if the amount of deniei-ol 
present in the original 10 e.e. of urine did not exceed 0.1 mg., it is preferable 
to extract the benzene solution with two 20 e.e. iiortions of 0.05 X sodium hy- 
droxide and make llie eoinhiiicd extracts up to 50 e.e. With praeliec. one can 
readily tell from the depth of yellow color in liie benzene whether or not the 
amount of demerol in the original 10 c.c. of urine was greater than 0.1 mg- 

The percentage transmission of the blue .solutions is determined in a photo- 
electric colorimeter using a Corning filter combination of Xo. 350 (ILK. Trafiie 
Yellow) and No. 398 (Dark Aklo).t The amount of demerol in the original 10 
c.c. of urine is then determined by reference to a curve (Fig. 1) relating the log 
percentage transmission of the final blue solutions to the milligrams of demerol 
per 10 e.e. of urine. This curve was obtained by ana] 3 -zing 10 e.e. aqueous 
samples containing appropriate amounts of demerol in place of urine in ex- 


L-acli sopara- 
throiipli 


»Tn order to obtain benzene solutions practicnll.v free of tlie anneous .solution, eacl 
ri.rniiebout tlie inocediire is made as follows; llie anueous layer is drained throws.. --- 
of tlfc funnel, and the funnel is rotated briski.v to brinR .about a furtlior aeparalipn of 
stem of , .i.n wiilcli, together with the major portinn of jin.v enuil.sion formed at the n'U-* 
uqueoiis solut on stem. Tlie benzene is tlien decanted through the nock of the 

funnel In such a "ray traces of emulsion clinging to the sides of tiie funnel are retained on 

the -nails. , „ijiximum of an alkaline hronith.vnud blue solution occurs at C.l'H 

■fThe absoiy . combination cuts off sharply at 5.100 angstrom units. Other com- 

bf^^Uons of flltefs were tried but none gave a steeper or more nearly linear curve of Beer's law- 
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actly the procedure described aliovc. It ivill ])c seen from Fi". 1 that the curve 
follows the Lambert-Bcer law in tiic range zero to 0.400 mg. of demcrol, and 
deviates only slightly over the rest of the range. 

It would appear that a cun’c based directly upon standard solutions of 
bromthpnol blue might be used rather than the empirical cuiwe (Fig. 1) for 
which each point must be obtained by the complete oxti’aetion process. This is 
not the ease, however, because tbc theoi’ctical amounts of bromthjTnol blue are 
obtained only approximately in the extraction proee.ss. The per cent of the 
actual amount of bromthymol blue obtained in tbe final extract to the theoretical 
amount expected was found to ciiangc progressively with the demerol content 



Fig. 1. — Relationship between the percentage transmission of bromthj'mol blue solution 
amount of demerol present in the original 10 c.c. sample of urine or aqueous solution. 
The inset shows the same relationship in the case where the final bromthymol blue solution has 
Oeen diluted to 50 c.c. instead of 100 c.c. 

of the original aqueous solution, as shown in Table I. The probable reasons for 
this de\iation from theoretical are: (1) incomplete extraction of demerol base 
m the first step of the procedure; (2) loss of demerol into the aqueous layer in 
the second step, this being governed by the concentration of the exce.ss dye, which, 
of course, is dependent upon the concentration of demerol; (3) extraction by the 
benzene layer of some nncombined dye present as a result of hydrolysis of .sodium 
bromthymol blue in the hnft'cred solution, the amount, vhich is small, bein-r 
directly proportional to the amount of dye and indirectly proportional to the 
amount of demerol; and (4) the mechanical transfer of dye in the last step of 
the procedure. The curve does not pass through the origin, due to reasons (3) 
and (4). ' - '•w 
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Taui.k 1 


Vaiuatiox in- Tin; Pi:r. Cr.Nr or a Moi.m: KqriVAiJiNT or Pcomtuviioi, rof.vri ro;: 

Dinr.rr.NT CoNcrNTUATioN;; nr DrMi'.roi. 


<»K takitn' 

(MO,/10 i\<\) 

i 

rn; ci.NT or a nor.Ac y.qvivM.rsT or 
i iicoMTHYMoi, r.i.rr. rnr.vn in 

1 n.vAi, rA-Ti;A(T 

0,(1, ■) 1 

i 120 

0,10 i 

i jOO 

0.15 i 

! 07 

0.20 ■ 

[ <»;; 

0.2.5 

<i‘2 

0.50 j 

j 

O.-IO 


0,50 

pi; 

o,i;o 

.so 

0.70 

■St 

n.so 

.sr, 


'r.MiM; H 




er I)i;.\ir.i:i)i, ri:nM .Yqri ni s 

Soi.t’THtN'S 



(if 10 iM-. .‘•■;iriiji!i“> 


T.\Kf:.V 

(MO.) 

Mrstrrmi, joi.-nu (.im, ) 

~i rn; CrNT r.i:i:'''i: 

0,700 

* 

o.oot 

J -0,<> 

0,700 


(1.00.0 

: -0.1 

0,0, so 


0.0 SI 

< -0.0 

0,050 


0.051 

1 40.2 

0,000 


0.(100 

' 0 

0,5S0 


0.577 

i -0.5 

0.550 


0.5.50 

i " 

0.500 


o.5o;! 

I 4 0.0 

0.500 


0,505 

i (1.0 

0.‘}50 


0.151 

1 40.2 

O.-IOO 


O.O'.iS 

1 -0.5 

o.:’.5o 


o.:!5t 

1 -0.3 

0.300 


0.300 

1 " 

0.250 


0.2 IS 

! -o.S 

0.200 


0.201 

1 40.5 

0.150 


0.150 

i 0 

0.100 


0.0!)0 

1 -1.0 

0.075 


0.072 

1 -1.0 

0.005 


0.001 

1 -1.5 

0.000 


0.007 

! -.5.0 

0.050 


0.010 

1 -2.0 


RKSULTN 

Eecoverics ot demerol from acjncoiis solutions arc shown in Table 11. Jic” 
the procedure ivas first applied to urine, it was noted tliat fresh alkaline urines 
(tiventy-four-hour specimens) have a considerable blank, or apiiarent demerol 
concentration, while fresh acid urines have little or none. Old urines which 
have become alkaline on standing also show a blank. Since blanks oeeiir in 
alkaline urines and not to any great extent in acid urines, it seems likely that 
the blanks arc due to basic decomposition products. In order to study this 
factor a urine containing a known amount of demerol was aged under various 
conditions to show the effect of inhibiting decomposition with mercuric chloride, 
of allowing decomposition to occur normally, and of facilitating it by making the 
urine alkaline. Table III shows the results of this study. The demerol content 
of the portion of urine iircscrved with mercuric chloride did not change during 
the ten-day aging period, wliile the untreated iiortion had an apparent demerol 
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ponceniration oC nearly twice the ori.irinal value, ami the portion made alkaline 
showed more than twice the ori>:inal value. 

IVIany ortranic hase.s react similarly to demerol, and the pi'csence of such com- 
pounds in the urine will £iive rise to a blank or apparent demerol content. Qui- 
nine, codeine, aminopyrine, ephedrine, and nicotine have a demerol-like reaction, 
and it is likely that many other alkaloids do also. iJIorphine, however, in 
amounts likely to be present in the urine docs not interfere seriously with the de- 


T.mii.e III 


Enixrr or Agint, Undkc Vahioits Conoitioxs ox tiif. Recovery of Demerol Fro.m Urixtc 
Analysis of 10 c.c. samples containing 0.128 mg. 


TRE.STMEXT 

Analyzed immediately 


0.5 6m. HgCl, added, analyzed after ton days 
No treatment, analyzed after ten day> 

Made alkaline to litnuis with soliil NaHUD.. and analyze i 
after ten days 


DEMEROL FOUXD (JIG.) 

0.133 

0.135 

0.134 

0.134 

0.239 

0.239 

0.283 

0.292 


Table TV 

Recoveries of Demerol .Vdded to Urixes Colleited With Merccric Chloride Fp.oit Sub- 

.lECTs Receivixo No Drugs 


.\nalysis of 10 c.c. samples. 


.SUBJECT 

demerol takex 

(MO.) 

DEMEROL FOUXD 

(mg.) 

PER CEXT ERROR 

1 

0.084 


4-1.2 


0.084 

0.083 

-1.2 

2 

0.113 

0.114 

-H).9 


0.113 

0.114 

•fO.9 

n 

0.120 

0.132 

-MO.O 


0.120 

0.130 

-i-8.3 

4 

0.400 

0.400 

0 


0.200 

0.200 

4-3.0 

n 

0.400 

0.401 

4-0.3 


0.200 

0.194 

-3.0 

0 

0.100 

0.100 

0 


0.325 

0.325 

0 

7 

0.093 

0.090 

4-3.2 


0.093 

0.094 

-fl.l 

s 

0.094 

0.099 

-r5.R 


0.094 

0.090 

-r2.1 

9 

0.300 

0.324 

4-8.0 


0.300 

0.327 

4-9.0 

10 

0.218 

0.227 

44.1 


0.218 

0.220 

4-3.7 

11 

0.1.34 

0.133 

-0.7 


0.134 

0.137 

0.9 9 

12 

0.185 

0.183 

- 1.1 


0.185 

0.185 

0 

13 

0.144 

0.145 

40.7 



0.144 

0.140 

■^1.4 


lermmation of demerol, since 10 mg. of morpliine sulfate give an apparent 
demerol concentration of only about 0.1 ni" 

Table lY shows recoveries of demerol added to normal twenty-four-liour 
imncs which were collected in bottles containing 20 c.c. of saturated mercuric 
Chloride solution from 13 subjects receiving no interfering drugs. 
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Jii order to (Iftoniiiiic tlic order of ni;i<rniliide of llie exerelion of tlenn'rol, 
the drny: in fo'id doses of UK) to 200 nijr. daily was a<iiniiiisf<'red to I lure sub- 
jects, and tile twenly-foiir-lionr nritie speeiinens were analyzed by lltc metbod 
just described, nsinir inerenric ebloride as a preservative. The residts arc.sliowii 
in Fi". 2. The data liavc* been plotted in terms of per cent of tiie total ndniiii- 
istered deinerol which ha<i been recovered in I lie urine at any tiiven time. It will 

Q 



KiR. -. — Kxeii'llon of Ui mioioI aftfC oiiil mlmlnlstialion of Jou to 2fi0 niK. tlallj’* 



Fiff. 3. — E.xcrolion of deincrol nftor subcuUuiooiis Injeutlon of 100 nitr. 

Dt seen that, roughly, 5 to 10 per cent of the deincrol is cliininatcd dail.v. To test 
the possibility that tlic deincrol remaining unaccounted for may have escaped 
absorption in the intestinal tract, 100 mg. were administered subcutanconsly to 
each of three subjects, and the urine w'as analyzed at intervals for the first 
tAventy-four hours. The results of this study are shown in Pig. 3, and they 
agree in order of magnitude ivith those in Pig. 2. Thus, of 100 mg. injected, 
about 5 to 20 per cent has been exei'eted at the end of twent 3 '-four Jiours. Prom 
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Ihe agreemcuL between the two I'oiites of aflniiiiistration it seems jn-oJiahle that 
incomplete absorption is not neeonntablc for tlie fleinerol Avhich fails to appear 
in the nrinc. 


.SUilMARV 

A method has been described by which dcmerol can be determined in 
amounts from 0.05 to 0.7 mg. per 10 c.c. of aqueous solution, with an average er- 
ror of 0.9 per cent. The recoveries from urine indicate that amounts of demerol 
betAveen 0.08 and 0.4 mg. per 10 c.c. (8 to 40 mg. per liter) can be determined, 
AATth an average error of 2.7 per cent. In no case did the error exceed 10 per 
cent. 

Basic products resulting from the aging of urine cause a blank or apparent 
demerol concentration. IMercuric chloride prevents the formation of such 
products, and it is essential that it be used routinely in the collection of speci- 
mens. 

The presence of various alkaloids in the urine interferes Arfth the detei-mina- 
tion of demei'ol and care .sliould be exercised accordingly in analyzing specimens 
when the subject has received other medication. Morphine does not interfere. 

Preliminary excretion studies have been repoi’ted on six subjects who re- 
ceived therapeutic doses of demex’ol. 
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BOOK NOTICES 


kxiQViW' 

D J{. VAN «'Iio Ims' (-unlril)titiMl n >Ii-al to thi' MilijiTl of anoxia «'ri((’.-< \vil!! 

justified iiiitliority. His liook is prininrily a disen-.s-ion of ilie altered fdiysiolo;,’y of 
anoxia as it atTecIs Mood, tissues, eells, and the various hody systenis. 'J'Jiere are relative!.' 
short chnjiters on mountain siohness and altitiid<> siekness and aeclirnatizntion. 

Tlin volume will ho of espeeiai interest in aviation mediidne, physiology, and hiochem- 
istry, and a helpful reference work for the elinieinn. 


The Lymphatic Systemf 

'I ’ II J'- LYMPHATIC SYSTICM is a series of five leetun-s ;,’iven at Stanford Liiiversit,' 
L in Dr. Drinker's first lecture discusses the evtdntion of the mammalian circula- 

tion. llis second lecture is on the development and characteristics of the capillary cir- 
culation. The third lecture deals primnrily xviih the lymphatic .sy.‘-tem. In the fourth, he 
discus.ses normal and ahnornml physiolofty of the body fluids. The final lecture de.al.s with 
practical problems in medicine and surpery. 

Written by u world authority on the lymphatic system, this is essentially a practical 
summary which .should be of value both to laboratory invest ifttitors anil clinicians. 


The Doctors Mayot 

TT WAS to bo anticipated that a biography of the .Mayos. father and sons, would appc.ar 
i reasonably soon after the detith of the last of this famous trio. These men rcpre.scnted 
the greatest achievement of private group practice that the world will I'robably ever see. 
While group practice will continue, it will undoubtedly be taken over increasingly K'' 
state as a public service. 

The contents of this book are sponsored b.v the I'niversit.v of iMinne.sota and arc au- 
thentic. The volume is a little long for ea.sy reading, but the most interesting part is the 
first half which describes the earlier formative years of the Jfayo Clinic. The latter part 
of the book can be skimmed, and with considerable profit to the reader. 


Manual of Clinical Chemistry§ 


R einer’S Mamiul of CUnical Chcmixlry is a .small “pocket” book containing ade(|nato 
directions for perfoiming nearly all the clinical chemic:il examinations that tire likely 
to be called for in hospitid laboratorie.s. Included are quantitative tests for the various 
hormones and vitamins; tilso toxicological test.s, arsenic, lead, mercury, and barbiturates. 
There is one error of a decimal point on page 5 which, however, does not invalidate any of 
the procedures described in the book. 


Clotli. iC!* 


•Anoxia. Its Effect on the Body. By Edward J. A'un I.lere. Pli.D.. M.D 
aees, $3.00. The University of Chicago Pre.ss. Chicago, III., lSi2. 

tUai Uymphntlc S.v.steni. It.s Part la Hegulatinp Coinpo.^Ition 

nd Volui By Cecil Iv. Drinker. Profes.sor of ’ of llu; 

khnol of ■' ■ ■ -vard University. Stanford Univer.s ■ ■ '. iversltj 

S Mt ■■ . ■ -• Cloth. 101 ,.aBe.s, $3.26.‘ ■ ' ■ '■'Press, 

.tanford Mayo. By Helen Clapesattle. Cloth. 822 pages, $3.73. The University of 

Ilnnesota Press, Minneapolis, 1941. 

SManual of Clinical Chemistr.y. By Miriam Reiner. M. Sc.. Assl-stant Chemist to the 
r* Sinai Hospital. New York. Introduction hy Harry Sobotka, Ph.D.. Chemist to the Mt- 
•Inal Hospital, New York. Cloth, 290 pages, with 18 illustrations, $3.00. Interscience Pubhsh- 
■rs, Inc., New’ York, 1941. 
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Neuroan atomy 

D IJ. METTLER’S book is priiimrily a student text. The first portion deals with gross 
anatomy; the second, rvitli microscopic anatomy. The book is so organized that when 
the medical student who has used it in his first year anatomy reaches his third and fourth 
year work in clinical neurology, ho will find it a very handy reference volume. It is abun- 
dantly and well illustrated. 


Pediatric G3mecologyt 

S IXTEEN years ago Dr. Schauffler, faced with a clinical problem of disease involving 
the genitals in a female child, found to his surprise that discussions of the general 
subject in the medical literature were few and rather noninformative. The present volume 
presents the results of his studies in the ensuing j'oars. It is entirely a clinical book. It 
deals with methods of examination and treatment of disease of the sexual organs and other 
pelvic pathology in female children. The discussion carries on through abnormalities of 
adolescence. Diseases discussed include vaginitis, pelvic peritonitis, enuresis, pyelitis, rectal 
pathology, dysmenorrhea, and a large number of other conditions. There are sections on 
social service aspects of the treatment and supervision of these children; also on medico- 
legal aspects, in which is included a discussion of rape. The appendix includes lists of 
standard hormone preparations. 

The work is practical and authoritative. 


The Physiology of Domestic Animalsi 

T ee Physiology of Domestic Animals will be of greater use to veterinary physicians 
than to those dealing with human disease. However, it ■ndll be of distinct value to 
those who are interested in comparative physiology and to those in the field of experimental 
medicine who deal with animals in their work. 


Methods of Treatment^ 


IT WOULD be rather difficult to furnish "an outline of all the methods of treatment in 
internal medicine” in a single volume of less than a thousand pages. Dr. Clendening 
has gone far toward accomplisliing this. In succeeding editions the coverage has been increas- 
ingly complete. Katurally, the space devoted to any one subject is decidedly limited and 
the treatment is at times superficial. However, the volume serves very nicely as an index 
to treatment and as such makes a very adequate quick reference volume. 


•Neuroanatomy. By Fred A. Mettler. A.M.. il.D.. Ph.D., Professor of .Vnatomy, Univer- 
sity of Georgia School of Medicine. Augusta, Ga. Cloth. 476 pages, with 337 illustrations, in- 
cluding 30 in color. The C. V. Moshy Company. St. Louis, 1942. 


tPediatric Gynecology- By Goodrich C. Schauffler, M.D., Assistant Clinical Pro- 

fessor of Obstetrics and Gynecology, University of Oregon Medical School : Visiting G>Tie- 
cological Surgeon and Obstetrician. Multnomah Hospital, Portland. Ore. Cloth. 384 pages 
$5.00. The Year Book Publishers. Inc., Chicago, Dl., 1942. 


tThe Physiology of Domestic Animals. By H. H. Dukes. D.V.M.. M.S., Professor of 
Veterinary Physiologj-, New York State Veterinary College, Cornell University. With a chapter 
on the Physico-Chemical Basis of Physiological Phenomena by E. A. Hewitt, D.V.M Ph D 
-A.ssociate Professor of Veterinarj- Physiology, Division of Veterinarv Medicine ’ Iowa 


- . - - -- . — ^ — - - — Teterinao* Phvsiolojrv’ anrl 

Pharmacologj-, Division of Veterinary Medicine. Iowa State College. Cloth, ed. 5.’ revised ">1 
Pages, $6.00. Comstock Publishing Company, Inc., Ithaca and New York. 1942. ' - > ‘-i 


partment of the Universitj- of Kan.sas ; .Vttending Physician. Univer.sitv of iSns'as 
Attending Physician. St. Luke’s Hospital. Kansas Citv. Mo. With Chapters on = 

loots by J. E. Cowherd. JLD. ; Leland F. GIa.ser. M.D.; biomas B. M D . ^TohS'^ w 

.M.D. ; H. P. Kuhn. M.D. : Paul H. I>orhan. M.D. ; P. c Neff M D - ^ ^'Sht, 

M.D. : Carl O. Rickter. 5I.D. : E. H. Skinner. WD. • O. R Withers' Wri ^ i Carlos Peete. 
AVood. M.D. Cloth, od. 7. 997 pages. The C. A*. Mosby Company. St." I^ui;.’ E. 
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DisUirbancc of the Blood Coagulation in Infants' 

T IIK well-known Swi.'-N pcdial rieinn, r.-iiieoiii, reporl.'- iiml di^ciif-'cs tli'' e:in*fii!h' t:iken 
history of 17 iiifiuits suaeriii" from viirioiis disturliiiiircs of the Mood foritfukition niedi- 
niiisiii. t'oMf'iiliition jiiid lilecdiMj,' lime, proiliroriildii liiiie, llI<rino;;>'ri conli'nt, lii-j«nn con- 
tent, cnlc-iutn I'ontent, dinorcnliiil lilood eonnl. |d:ifeh-t ronni, eli'.. rvere di'torinincd hy the 
most modern methods thron(;hont the whole < mirse of elinien! olo'erviition. The enses nre 
};rouiied under live ninin eliissilienlioris: l«ek of Iihrinotteii, Ine); of rnleiiitn, luck of thmtn- 
hokinase, hyperprodnetion <>{ heparin, liiek of vitamin K. The latter ttrotip is hy far tlif 
largest. Hrvwever, Fam'oiii emphasi’/es that iimst hemorrlmijie disea'-es of the iiewhorn arc 
not caused hy a siiifrle factor, hnl result from the inlernelioti of varion- factors. Ka'-h time 
a new scientific di.seovery is made, its imjiorluiice is overestimated. Thus-, in coii'-erpienfc 
of the },'0od results with vitamin K therapy, tlo' K-nvitamitio-.e has heen overrated a.s the 
sole cause of most hemorrhaftie dise.-c-es in infnnts. .-\n extensive hildiojjrnphy iiicrensc- 
thc value of this small hut very iaterestia(; hook. 

I'rnst Fh-vher 


Blood Disorders in Childrcnf 

Vy/ KLT j known, not only as a pedintricinn, l»ut also ii« tin investigator, Dr. Kucelnuiss ui 
” thi.s volume presents an authoritative and eomprehensi\-(‘ disenssion of a .sahjecl of 
imporlauee. not only to the pediatrician, henmtoloeisi, and. elinieal pathologist, hat al.«o to 
the clinician .at larRc, 

The avranRemeiit of the hook follow.s the clinical rather than the herimtolopc vic"'- 
point, and thii.s evaluates the hlood picture in terms of the patient as a whole. A hlood 
glossar.v and inde.x of difTerontial diatrnosi.s based on hotli clinical picture and hlood find- 
ings greatly cnliuncc the usefulness of the hook. 

An outstanding contrihutiou of great and general interest. 


ITEM 


Tlie LalKiralor.v of .Ml. Sinai Hospital, flevcltmtl, Ohio, is making: 
studios ill su.spcctod and known oases of tfiohinosis atid sliall aiiproeiatc it 
readers of Tiik Joirit.vAi, or Laiiokatoky and (’t,i.vii‘.\i, AIkdk’i.vk .send ■'vhole 
elotted blood .samples in such ea.ses to Dr. B. S. Kline of that hihoratory. 
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tiesondc 
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D 
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Hospita 
Rcsearc 
pages, . 


”'ood Coagidatlon in Infants with Sjiecinl Reference to the A imn"'' 
the Newborn (Die StOningen dei- Blutgerinmmg beini Klnde nm 
des K- Vitamins mid dcr Neiigoboi-cnenpathologlo. ) B.v G. Ranconi. 
Thiemc, Ijcuw.lg, 1341. 

Children. B.v I. Newton Kiigelmu.'i.s. M.D., Ph.D., .Se.D.. .Spec. At- 
town Hospital and Pan-American Clinics : Consultant Pedlatriolan. 
■ did Health, New York City Cldldren’s Hospital ; Lynn Men''>ri?;; 
rial Hospital, Muhlenberg Hospital ; former Director of 
id Research Associate In Pediatrics, A’ale University. Cloth, o-" 
$10.00. O.xford University Press. New York. 
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CLINICAL AND EXPERIMENTAL 


THE HEART IN EXPERDIENTAL THYROTOXICOSIS® 


Erxest D. Nora, IM.D., axd 
Nathan Flaxman, Chicago, III. 


T here arc three entirely opposite schools of thought conceniing the effects 
of thjToid disease on the heart. One gi-oup is of the opinion that thyro- 
toxicosis has no effect on the heart except to increase the metabolic aetimty.^ 
Another group is inclined toward the \'iew that the thjTOtoxic disease causes myo- 
cardial damage, hypertrophy of the heart, and various clinical cardiac mani- 
festations.- A third group, championed by more recent work, Is of the opinion 
that the thyrotoxicasis acts only as a catalytic agent and biungs to the surface 
latent cardiovascular lesions.^ 

Opinions vain- not only as to the specificity of the possible thj-rotoxic cardiac 
changes, but also as to the probable cause of such alterations in the heart. 
Some hold the primaiw cause as the toxicosis, while othei’s attribute any cardiac 
changes to an indirect cause, such as the increased heart rate. The third group, 
as mentioned, attributes any pos,sible changes to previous heart disease, e.spe- 
cially a rheumatic myocarditis. 

ThjTotoxieosis, experimentally induced, has not been entirely successful 
m solving the problem of the cardiac lesions in In-perthj-roidism. Specific 
lesions have been produced in various animals.^ However, othei-s have reported 
that they were imable to demonstrate specific lesions in the hearts of experi- 
mental animals.'^ 

Neither the clinical nor the experimental data at hand are sufficient to 
enlighten the problem of the effects of the thyroid upon the heart mu.sele in 
hj-perthyroidism. In an experimental study somewhat similarly perfoi-nied, 
et al.,' found certain cardiac changes in the hearts of rabbits that were 

or Mo’lWne'. Ho.pltnl and the Department of Medicine. Loyola Univensity School 

Roccivfrtl for publication, Aupust !">, 1942 . 


70 



79S 


Tin; .lonitNAi, or i.aiiokatouv and cniNioAn miidkt.nt; 


fed de.siee.'ilod lliyroid. lint lli(\v eoiicliiih’d (lull i( w.-is itessihle (hat .similar 
cluin're.s mifrlil lio jiroduced l>y eanliae ovenvork irrespcflive of (iic iucspikt of 
liiyimin in (lie eireiilatiii'r lilood. In an effoi-l (o iiu’c.stiirate fnrdicr this 
important and eonijilox proldem, llie followini.' experiment.s were nndertnkon. 

.MKTiion.-: or ikvi>:tii;ation 

The work wa.s jicrforiiied entirely on rahhil.s. The animals were all of 
averaae weifrlit and atre. 7’h('y were lionserl in a warm iaH>m ami fe<l a n<inna) 
rahhit diet, snfTieiont in quantity to ensure normal maintenaiiee in weieht 
whieh wa.s determined liy jieriodie weifrliinus ev(-ry four or five days. 

Eleetroeardio>rraphie traeinirs with Lead II w<‘re taken to detenaiiio ae- 
curately tlie pulse rate. Xeedle eonfaets were not employed, hut a method 
with Sanhoi-n Hedu.x I’aste was u.s(*d. 'I'he Imir on the area.s f)f the riirht love- 
Ic" and left hindlcir needed for eon(a<'( were shaved and (he jiasle rubbed 
thereon. Kijrht strand eopper wire ideetrodes were employed, and these were 
wound Iwiee around the .s(deeted area on the limb and a^ain eovcred with the 
pa.ste. Beiii'r painle.s.s, (he method did imt exeit(‘ (lu; animals, and traeinirs were 
obtained rapidly, 

,V normal elect roeardio^ram was obtained from each tinimal Jifter it had 
become accustomed to beiiiir tied down on the animal board. Tnieines were taken 
about every seveti days, or there.'ifter, <»r until the death of the animal. 

They were divided into six expi'rimental ‘.rroups. as follows: Group !• 
rabbits' in whieh only the cardiac iidiibitory nerves were renio\'ed : Group 
rabbit.s in which the cardiac iidiibitory nerves were removed and diirifolinc 
(Ciba) injeeted .subcutaneously ; Gniuj) III, raliliit.s in whieh the cardiac inhibi- 
tion wa.s removed and (|uinidine sulfate administered orally: Group IV, de.sk- 
eated thyroid (Armour) fed rabbits; Group V, thyroid fed and di.irifoline 
injected rabbits: and Group VI, thyroid and (Hdnidine fed rabbits. 

In the first three frrouiss, where the cardiac iidiibitory nerves were re- 
moved, it was perfonned in the followiii" manner. Q'he animals were i-dven 
ether ane.stbe.sia, and a midlinc incision in tiie neck exposed (he carotid .sheath.s. 
The pre.ssor nerve of (he vaffus was isol;i(ed on eaeii side, and a 1 to ‘2 ein. 
section wa.s removed. The carotid arteries were strijiiied of their eoveriiig-s 
up as far as the bifurcation into the internal and external branches and then 
swabbed with absolute aleoiiol. The animals were allowed to recover in u 
warmed room for several days. 

Animals of one litter were used in the last three jrroups to exclude, as 
well as po.s.siblc, any j^revious cardiac chancres. The animals wore all housed 
and fed similai-ly, and, in addition, were fed dosiecafed thyroid to ])roduce 
toxicosis. The amount of thyroid fed varied with each individual animal, sonic 
becoming toxic on 2-3 grains per day and others requiring as much as 3 (<’ 
16 grains per day. They were fed the thyroid until the .symptoms of toxicosis 
were manifested by wcalaicss, diarrhea, loss of weight, prostz'ation. lethargy, 
and increased pulse. Some of the animaks, those that survived, were then given 
a rest period, and when the pulse and weight returned to normal, a second 
toxicosis Avas induced. This Avas continued until the animal died, or a sixty-day 
observation period passed, aa'Iicii the animal aa-os killed. Normal electrocardio- 
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'rnipliir triiciiijis wore olitainrd jis iJcscriJicil, ;mil ti'ociiiirs t.'ikcii cvuty 

srvrn (l:iys tlicrcnl'tcr. 

Group /. Cardinr hihihitioii llimond . — 'I'liis L'l'OUfi fon.sistci] of 11 i-:il)l)i1s 
llint worr ojx'i'/ilcil iji tlic in;miicr dcscriln-i!. Scvrii of the 11 .•iriimjiis dieil in 
one to seven days dm* to iminionary ('onijdieat ions, ai>i>arentiy I'esiilf in:.' fieiii 
the sevc'i’inir f)f other \'a|.'al Iii'aneli<-s la^iidos the firessur nei-vc. J'otir aniniiih 
survived an<i were hilled at the eiul m' the o!>servation ]>eriod. All wen 
autoj)sied (o exehule other eoiulilions which niis'ht (siiise an.v cardiac jiatlmloiry 
(Table I). 

Althonyrh there were minor variations in certain eases, ^m'uss e.Naiiiination 
of the heai'ts in this i^roup revealed that the nmscle, in jjeneral, was iiindcratcly 
firm and the auricular chatnhci-s <lilaled. lOpicardial fat was scant, ami the 
ventricles ap[)earcd hypertrophic. The hcarl.s of the .seven animals found dead 
liad dilated cavities filled with blood clots. The avcrai'c wciirht of the hearts 
of the animals hilled at the «*nd of si.xfy days was !>.”) irranis. and of thase foiiml 
dead, 9.4 e’ratns. There was a dirfcreiice in ihi* thichness of th(> left vmitrictilar 
nni.sculatnre. In the animals hilled it inea.suretl 7 mm. above ami a mm. heh'W, 
while in the animals found dead it was o.l mm. above and 4.d mm. below. 
Tim lenirth of the ventricles from the ojxmintr of the e/n-onar.v artery to the 
tip of the apex was .‘1.1 cm. in the hilled ami 2.7 cm. in the animals fotind dead. 
The ventricular diameter was the same in both set.s of rabbits, I.fi cm. 

For the micro.scopic examination three different .sections were tahen fnm' 
all the hearts. One, section was through the left ventricle, a .second thromrli 
the riirht ventricle, and the third section fhroujrh a papillary muscle. In the 
animals that di(?d shoi’tl.v after oi)eralion no microKco[nc chaiifres wen; noted in 
the heart mu.scle. In Kabbit No. Hi, where the autoirsy revealed a stitdi absce.s.s 
with imnetration of the infection into the mediastinum and a resultant Jihro- 
))urulent ])ericarditi.s, the ndci'o.sco{)ic examination of the heai'l showed h.\’alia- 
ization and sejraration of the mu.scle bundles with round and neutrophilic 
cellular exudation. In the four animals that survived the operation and were 
observed lor sixty da.vs, the tindintrs were uniforml.v positive. These heart.s 
showed hyalinization and ^i-anular defrenci-ation with slia-ht to moderate fra?- 
mentation and .separation of the mu.scle bundles. L.vmi)hocytic infiltration was 
noted in No. 3 and vacuole formation in No. 4 only. 

Group JI. Nerve Section and I)i(jit(dh . — Tlie animals were operated on 
in the manner described and the j)ul.se increase determined b.v the elcctro- 
eardiofjp-am. Ten da.vs i)ostoi)erative di^dfoline (Ciba, 2 c.c. efiual 1 cat unit) 
in,iection.s were hc-run and each animal received two minims i)er ])ound of body 
weitjht daily. This was gradually increased until they received four to -six 
minims iier pound of body weight. Kabbit No. 14 had a pul.se increase of 20 
with the digitalis and died of over digitalization (Table II). 

At the end of the si.xt.v-da.v observation period, the three surviving animal.s 
were killed. Gross examination of the hearts revealed that the muscle was 
moderatel.v firm, cxcc])! in No. 14. Epicardial fat was .scant or ab.sent. The 
right heail chambers were dilated and the hearts aj)j)eared elongated. The heart 
weight avei’aged 7.7 grams. The ventricular length was 2.7 cm., the fliielniess 
of the left ventricle 6.5 mm. above and 5 mm. below, with a diameter of l.G eiu. 
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Ilio trfiK>raI fmdmL'.s du luici-nscupi.- cxamiiinfidti {nrJi«/(‘(i ja.or .slainiiiL' 
of the nuclei, rnodi’i-afo .Sfjwn-jition j)i,- miisrla Jaindlcs wit), liyalinrati.m, 
marlu'd ^nvimilar <Io-cncni(i(.(i and /ibivwK-. 1,, Xn. JO. wlmv' th‘ aaimal 
dovdojK-d a laaaliml al.K.-iss in the left thiirh. the lindinus were especially 

Juarkcd With vaeimle A>rtjiatinii. 'rrannlar deu'etiei-athwi ami separalioii nf tlie 
muscle iihers. ‘ 

Gtoup ^(>i< .Sfci'eni aad Quiuuhiu . — 'I'lie aniriials were o/ieniled 

'*^.'*''**V ’ l■ou^(ee^ thiys jHistoperat ive feeding's of fpiinidiae 

sii a c WOK H'Ann. J he first (Joses were trr. ss. which was increased to "c. 1 
alfer hvo weeks’ medication (TaMc Itl). ?„ ,i,c four raid, its aulo!>sied at tiiC 
uid ol the ohservation period, oross examination of the hearts revealed a firm 
mmsclc. j)ur/de-,irray n, color, and scant .‘pieardial fat. The average heart 
Mcifrhf was ;,.i ixm. The Iem:th was 2 ,vith thickness of the left ventricle 
4.0 mm. !,hovo mu] .To /am. Iwloxv. and a diameter of l.ti cm. .Microscoj.ic 
xaminafmn Jc\ ( ,ded essentialJ.v a moderate de<rree of oi-aniilar deireneivitioii and 
. c 10 !z,i ion. uit t .1 sliofit d<./^ree ot (ilirosis and hvalinization. separation of 
the mnsclo hnndlos. and frat.micntation of » muder;.tc dc-Mve. 

tie Jritlhujs. — Toxicosis was produced in these animals 

cache yp! <'< itc( thyroid. .AJJ of (he aninuds showed eimieialion and 
fi rn, ^ iV) the heart mnseles were moderately 

fi rim 1 r! dmv„vJ,a fat. 7’he ridd heart eha.nhc.x were dilated ami 
surfaces areas were prominent over the ('.vleriinl 

diamotov of T3^.m.‘" " ^ mm. helow. with a 

In (ho animals that died early due to toxicosis there ivcrc no liistoloiiic 

earJ?Xicr,”,"r T ^ r' ''•'■••""''nation. There rvere foeal areas of 

h I "f the muscle fihem. 

^ ^'--d areas of 

semr-ilion of tl/ i "'ei' ^ with a foamy ap[)earaueo. mnrkod 

imUon loth <->’"U'nentation. eullular infii- 

t alien, lound cell and nentrophilie, h.valinization and fihrosis of tiicse 

.subemaneoullv f„r^w 2iVpSfm7,rT- 

were homiii Tim T V • ‘ 1 ^he tune the desiccated ih.vroid focdmiis 

wcic hym. Tlio ftodiiiijs ivcTc sv,iip|,„„s an.i sk-ns of 

<OMCO0,s b cn.,,c cvKlc, ,|.e ' y„„ 

survived the foxicosis; ilJI .slmu-pd orh?.oi«rx r '* • 

/-# ' .V , u\eu c\i(itnco oi severe o/nueinfiou (iMo 

7). G^i’oss cxinniJitttiou roveuJed 7,r»4 ^ , •» 

. , , , hcart.s with the imi.se cs pxirpe-"ray 

in color and modoraiclv fii-m tUp rOrJu , -o 

, , „ - 1 ^ ‘ ^ * eiiamhcr.s wore dilated and filled with 

clots. Lpicardiai fat was verv .scant or •ihscm 'ti. ? - i ^ ..c 

mi +1 io"‘ Ol ausent. 77ic avcracre heart wenrlit 'vas 

n craiiis. TJie length of the left ventricle we.- oo ^ • f . ^ " i „ 

1 no II -.7 7 - ^-2 cm.; thickno.ss, 4.2 mm. above 

and 3.3 mm. below, with a diameter of 1.42 cm 

Wlicrc the animals died within twelve to sixteen davs. followinjr oi-dit. to 
twelve days of thyroid feedings, the histologic chango.s in the heart muscle 
were not marked on microscopic examination. TJiere wore foeal areas of 
hyalinization and moderate granular degeneration with fimnncntaiion ^aiid 
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Tin: .loruNAi. or LAiioit.vroKY and omnicao mkdicini; 


frayiu<r of (ho iiuisclo. Ixouiid aiul noutropliilio oolhilar infiltration Axoro iintrd 
in two of tilt) animals. Tlio rahhil. No. -1(5, (hat. livof] the Innpc.st, 18 fliW, 
showoil till) most marlcofl tlctrtmorativo clinntros, which were fatly ami tinnilar, 
witli vacuolization, moderate fihrosis, and marked neutrophilic and omlotliclial 
cellular e.Nudation. 

drou]) VI. Tlnjraid mul QuvtitUiu . — Tho.se animals were ^I^■t fed tiiiinitline 
for four days hofore dosiecatod thyroid wa.s i;ivcn. Both were then fed until 
(ho symiitoms ami sii^ns of (o.sieosis wore manifested. All of the anininl.s tlit’d 
durinir the first lo,\ioo.si.s ('I'alile V.I). (fro.ss examination revealed elontiatcd 
heart.s with dilated if'rht ehamheivs ami .seani ejiioartlial fat. The muselo.s were 
inu'i)Ie-rod and firm. The averaiie heart weittiit was 5.S [rrams. Avorafic Icairlli 
was 2.2 cm.; (hiekno.ss, o mm. above and 2.1 mm. helow; ami the a\'cra,!;c x'en- 
Irieular diameter wa.s 1..6 em. Itlany marked histolotric eharifjes xvere notod on 
mieroseopie examination. Those consisted of moderate to marked frayini: and 
frasrmentation of the museles with hyaline and ['ranular deiieneration. and 
eellular infiltration of the round and neiitroithilic types. 

AKAI.Y.St.S or KXPI.'IMMn.VTAI, DATA 

Several interest inj: points were lirom,ihl out in tin's experimental study. 
In Group I, where the ojieration for the removal of cardiac inhibitory nervc.s was 
performed on 11 rabbits, only four .survived (he oiiscrvalion jieriod of •'>ixtj 
day.s. TIoi’o there was only (he inerea.sed heart rate with increased work for the 
inyoeardium. Aiiiiarontly (he tachycardia alone caused an ineivn.so in fl'C 
ventricular measuremont.s of the animals that lived sixty day.s. In Group Ik 
animals (hat had (ho nerve section performed and received digitalis ten day.s 
later, the picture xvas practically similai-. The average heart weight was not 
as high as in the fii'st group, (he cardiac rate having decreased after the tenth 
pastoperative day duo to the digitali.s. In Groui) 111. xvhere the nerves were 
removed and quinidinc fed, no great deviation was noted in the anatomical 
findings. 

Cardiac change.s became more manifc.st in the last three groups that were 
fed desiccated thyroid. The average weight lo.ss was about the .same. There xvas 
no doubt as to the evidence of an increased metabolism accompanied by an in- 
creased respiratory rate and an accelerated heai-t action. The longer the 
animals lived with the toxicosis, the greater wore (he cardiac change.s. The 
hearts appeared elongated, and the hi.stologic changes were considerably greater 
than in those animals who received no thyroid feedings. 

COAIAIKNT 

There arc many factors to be considered in the effects of (hyro(oxicosi.s 
on the heart. It is generally agreed that thyrotoxicosis produces general mus- 
cular weakness. It uses up glycogen reserves so that endurance is markedl.x 
lessened from the overactixdty. The heart usually shares this decrease in gly- 
cogen reserve and suffers according to the extent and duration of the loss. 
Tachycardia is due mainly to the increase of thyroxin in (lie inyoeardium which 
causes the heart to beat more rapidly and more vigorousl}'." However, tachy- 
cardia alone is not sufficient to cause marked cardiac alteration. It ma}’ produce 
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some chanpcs. such as fragmentation and degeneration of the muscle, depending 
on its duration. It is a factor, sccondarj* to thyroxin. 

There Avas a great variety and a marked degi'cc of alterations in the heart 
muscle. Whether the compensating and ucutralixing capacity of tlie neuro- 
endocrine system accounts for some of the variation.s can only he theorized at 
this time. The quantitative results were too variable for a direct ratio correla- 
tion. Even in the experimental animal, there is a different degree of tolerance 
to thyroid medication, and it is plausible that this is caused by a SATiergistic 
and antagonistic interrelation of other endocrine glands. 

Experimentally, in rabbits, thyroid extract produces definite myocardial 
changes in vaiying amounts. These changes are not proportional to the altei’a- 
tion of the heart rate alone nor dependent on a previous demonstrable infection. 
Nor is the myocardial damage pi’oportional to the increa.sed rate of speed per 
•second.^ Even though the cardiac lesion in thyrotoxicosis may not be specific 
or comstant, the myocardial damage encountered, however the mechanism, is 
primarily due to the effects of inci-eased thAToid on the heart muscle itself. 


•STJAIMABY 

Experimentally induced thyrotoxicosis in rabbits resulted in the foUoAving 
changes in the heart : parencliA-matous and fatty degeneration, cellular in- 
vasion, fraying and fragmentation of the heart muscle, and fibrosis. Similar 
changes, but not as marked, aa'ci’c produced by cardiac overAvork Avithout an 
excess of thjmoxin in the circulation. This Avas produced by cutting the de- 
pressor nerA’es and denuding the carotid sinuses of their inA'estments in order 
to alloAv the heart to operate uncontrolled. 

A heart that is induced to AA'ork more rapidly does respond Avith morbid 
anatomical changes, but these cardiac alterations are not as mai'ked as those 
due to the summation of the effect of increased tliAToxin on the myocardium 
and the tachycardia, Avhich is again a thAToxin effect. 
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FATAlj ANUKIA FOl.LOWIXd AD.MIXlSTiJATIOX OK srLKoXA:\ili)KH 
WITH I{KI-'ER[‘:X(M-: TO TnM'LAR XEOROSIS 
AXI) UECKXERATIOX'^ 


JaXK a. EltCAXIA.X, M.]).. AXD.loH.V ]J. DoVAI,, .M.l). 
l^T. Lofis, Mo. 


I N JIOST reiJoi't.s on liio oflcct.s of Iho snlfoiiiiinidt' dfiojs on llip ni'inniy Iftict, 
cmphasi.s lias bcc-n <rivcn lo tlic doposil ion of cryslals in llie tnImU's of <iic 
kidney and tlio fonnation of coneiTinenls in (li(> judyt's tind nnders. IjC.ss eniplia- 
sis lias liecn "ivcn lo the direct toxic effect of lliese dni< 2 s on the renal ejiitlielinin. 
In experiments on the toxicity of siilfathiazolc in mice, Rjike, van Dyke, and 
Convin' found only an occasional nionsc in wliicli there were advanced degen- 
erative changes and necrosis in the epit helium of the proximal convoluted 
tixhules. Similar olxservations are reported hy Koimer-’ in .studies with siilfa- 
lliiazolc in rabbits. Tubular necrosis was found only in animals receiving the 
largest dosc.s — 0.2 rjm, jier kilogram twice a day for ten days, llelhvig and 
Rced^ emphasize the toxic effect of sulfadiazine on tlie convoluted tnhnles and 
distinguish between this effect and mechanical blocking of the tubules by crystals. 
The latter effect is stressed by Bradford and Shafi'er,^ who accent the need for 
early ureteral catheterization and pelvic lavage. ITellwig and Reed insist that 
lavage in their ease was of no avail — that the lesion was one of toxicity instead 
of mechanical effect. 

In a recent case studied at the St. Louis Children’s Hospital the ])repon- 
derance of clinical and pathologic evidence indicates that death from renal in- 
sufficienej" was directly related to degenerative changes in the renal epithelium. 
and that the deposition of cry.stals in the kidney and pelvis was of minor 
importance, 

CASE REPORT 


6 S a boy of nine moiitlis, was scon first in tlio Out-Pationt Itoiiartmont on March 70, 
1942 with' acute rhinopharj-ngitis, bilateral catarrhal otiti.s media, ami bronchiti.s His teiu- 
erature was 39° C. Suli’athiazolc 0.25 Gin. every four liours (0.2 Gm. per kilogram), nco- 


^ n „ n..ivirtmonts of PatlioloKy ami Peiliatrics, WasliiiiKton University Scliool of 
Prom -‘'j«g^s\'“Louis Cliildren's Hospital 
tor publication, August 17, 1P42. 


Medicine, and 
Received 
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^ynoplirin imsi’ ilrojis, niicl :m iiniil inlaki’ won' pre^i’riiiril. Tiio f<‘niiK'r;itiire rotiirnt'<l 

to normal witliin twoutv-fnur hour.-’, tUi> infoi’tioii clonml rapidly, and tlio .‘•nifathiazolc was 
disi'ontiiniod on tlio tiftli da.v. On this saino da.v ^jrnss honiaturia and siilfathiazole crystals in 
the urine were noticed, larth of whiidi disappeared within the next tt>'ent.v-four hours. Three 
da.vs later the temi>erature rose attain to lieeause of rei'urrence of the otitis media. 

This time treatment was hy bilateral niyrinjtotoiuy and sulfadiazine, 0.2.'5 Gin. every four 
hours. The temperature attain rettirned to normal within fwent.v-four hours, tmd the otitis 
media I>epvn to subside. No lu'iuaturia was notice<l. On the fourth day of the rel.'ipste, vomit- 
injj occurred, and when the patient was hospitalized, e.xamination revealed marked oliguria, 
considerable albuminuriti, and •( to ,■> red blood cells per hifth-power field in a eentrifu"ed 
specimen but no crvstals of sulfadiaz.ine. Diirinjt the second twenty-four hours of hospitaliza- 
tion the temperature rose, onlv a few cubic centimeters of urine were voided, and generalized 
edema developed. The heart sounds were normal. Late the second day the kidney.- were 
found to bo enlarged and tender. On the tliinl day the heart tone.s became poor, cy.anosis and 
marked restlessness developed, and the chihl died fift.v-four hours after hospital entry, de.spite 
administration of magtiesium sulfate, oxygen, and sedation. Additional laboratory work in- 
cluded a negative Kline test: hemoglobin 1I..‘! Gm.; red blood cell count 4.5 million: white 
blood cell count Lt.OOO: and Schilling differential of li per cent stabs. 55 per cent segmented, 
"7 per cent lymphocytes, and 2 per cent monocytes. 


TABt.r. I 


D.VY 

CimMOTHKR-VPY 

CRIXE 

DP.UG LEVEL 

[ (MG./lOO C.C.) 

BLOOD 

ET.IXE 

ilarch 10 

fiulfatliiazolc 

0.25 Gm./4 hr. 




-March 11, 12, 13 

Same 




March 14 

Same 

Gross hematuria 
Xunierous crystals 



-March 15 

Xone 

Cleared gradually 

! 


-March 16 

Xone 

iQQSHHiHBiHH 

{■■■Illllllll 

■■■HIIIIBII 

March 17 

None 

Clear* 

1 

1 


-March IS 

Sulfadiazine 

0.25 Gm./4 hr. 

Clear* 

1 

! 


BlilH 

Same 

Clear* 

-Amount (?)* 

i 

1 



P.VTIEXT HOSPITALIZED 


-March 21 

Same 

[Oliguria noted 

1 

Free 17.7 
Total 21.2 


March 22 

Xone 

JXarked oliguria 
Albumin, -2 

R.E.C. centrifuged 
Crystals — none 



-'larcli 23 

Xone 

Marked oliguria 

A..M. 

Free lo.S 
Total 29.4 
p.Jt. — 

F ree 1 (3.5 
Total 20,5 

Free 16S.0 
Total 375.0 


*.t.s ob.ser\-ecl bj- the mother. 


he autop.s.v (Washington University Xo. 974(3) was performed two and one-half hours 
^os mortem. The body was edematou-s; the face, especially about the eye;;, was puftv due 
^0 su cutaneous edema. The serous cavities contained excessive amount.s of clear vellow' fluid 
’ • inflammatory lesions within them. The kidneys were similar; the rioht 

o5 Gni, an<l tlie left o.T Gni. The capsules were tense 


s=ection of the 


and during the proee== of 
organs largo amounts of reddish yellow fluid spurted around the cutting edge 
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Fiff. I.- 


Fig. 2.- 
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■A mitotic flptiro i."* prc.cont in nti <'iiltli<rll<il c<'ll In tlic cciitor. In other tubtllc."! the 
coll incnihrano.« lire Initl.stinct iiml niiolel have tll.^aiipoarcil. 



1 in the liver. The hepatic cells are ilestroyed in these areas and tliere is 

Sn inflltratlon of leucocytes, lymphocytes, and a few monocytes. 
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of the knife. Approximately 10 c.e. of fluid were in tlic pclvcp and caliccs of tiic.'-c kidney.c. 
The arcliitccfuro of llie organs was not unusual. There was a slight amount of dilatation of 
the caliccs and pelves. In the grayish white mucosa of the pelves were petcchiac, and on the 
surface of the mucosa were many small yellow crystals. At the orifices of the ureferopelnc 
junctions were large aggregations of the.'^e crystals. These crystals were also found on the 
ureteral mucosa. The ureters were otherwise normal. The urinarv* bladder contained no 
urine. The remninor of the gross patiiologic findings are listed hclow in the complete pathologic 
diagnosis! 

Sfioroscopic examination of the kidncy.s roveal.s moderate necrosis of the epithelium of 
the tubules, particularly of the proximal convoluted tubules. M ithin the lumen of the tubules 
arc desquamated cells, eosinophilic debris, and occasionally red blood cells. Often there are 
syncytial masses of cytoplasm congregated at one end of a section of tubule with 4 to 8 well- 
preserved chromatic nuclei. Mitotic figures in the epithelial cells of the proximal tubules are 
moderately abundant (Pig. 1). Xear tlic pelvic margins of the mcdullarj' papillae is noticeable 
dilatation of the tubules. Hcniorrliagc is present beneath tlic mucosa and within the adjacent 
tubules. The glomeruli arc of nioder.atc size, and the epithelial cells of the visceral layer of 
Bowman's capsule are cuboida! in shape, with deeply chromatic nuclei. Mithin Bowman's 
space there are a few desquamated necrotic cells and cosinophilie debris. There is slight 
interstitial edema of the cortex. 

In the liver are many areas of focal necrosis (Fig. 2). These areas are small and con- 
tain necrotic liver cells, leucocj'tes, l^■mphoeJ■tes, and a few mononuclear cells. There is a 
moderate amount of cloudy swelling and fatty degeneration of the hepatic cells. 

The complete pathologic diagnosis is as follows; Priman,-: Acute nephrosis with early 
regeneration of tubular epithelium; crystalline material in the pelves and ureters; hydro- 
nephrosis, bilateral; petcchiae and ecchj-moses of the mucosa of the pelves of the kidneys: 
edema of the subcutaneous tissues; ascites; hemorrhage of the middle lobe of the right lung; 
petecMae of the myocardium; hydrotliorax, bilateral; focal atelectasis of tlie lungs; hyperplasia 
of the intrapulmonarj' lymphoid follicles; partially organized thrombi in the- smaller branches 
of the pulmonary arteries. Accessory: Patent foramen ovale, guarded type, and immaturity 
of the kidneys. 

cojnnsNT 

The pathologic finding.s in tlie kidneys of this child indicate that there are 
two distinct lesions: one the result of crystallization of sulfathiazole in the 
ureters, pelves, and tubnles; and the other, necro.sis of the epithelium of the 
proximal convoluted tubules Avith early regeneration. It is not possible to at- 
tribute the anuria to either of these exclusively, but the preponderance of evi- 
dence indicates that the degenerative changes in the renal epithelium are more 
important. This conclusion is supported by the finding of regeneration, which 
might be expected to occur on the eighth to the tenth day following primaiy 
damage to the kidney, as in the case of poisoning A\itb bichloride of mercury. 
In this patient the firet sulfonamide was administered on IMarch 10, and foiu- 
days later there were gross hematuria and numerous crystals in the mine. 
Oliguria appeared on March 21, eleven days after the administration of sulfa- 
thiazole and three days after the first dase of sulfadiazine. It is improbable that 
the renal epithelium could have been damaged and could have showed beginning 
repair within the period of five days. It must then be concluded that the injm-y 
to the kidney resulted from the sulfathiazole given from March 10 to March 14 
inclusive. ’ 

The sulfathiazole was given in therapeutic amount, and the reason for tlic 
damage to the kidney Is not evident. It is possible that the mother did not give 
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llie child ;in adequate amount of water, and that the eoncentration of the 
acetyJatod derivative in the urine was i^realer than in tin; nstial ease. There is 
also the possibility that the relative imniatuvity of the kidney may have jdayed 
a role. The epithelinm eoverin"- the vi.seera! layer of Bowman s capsule was, in 
this nine-month-old ehibl. still of the enhoidai type seen in ne\\'hoi-n iiifaiits. 

Sf.M.MAIiV 

3, A ease of fatal anuria following the administration of theraiientie doses 
of snlfathiazole is reported. 

2. An analy.sis of the j)at)ioloyje findinir.s indieate.s that injury to, and 
necrosis of, the renal epithelinm were of "nsiter ))hysioIo"ii‘ imimrtanee than the 
usually em})hasized formation of eonerements and obstrnetion of tin; ureter and 
tiibule.s. 
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CTRCrLATltlX TIMH: A KBVIHW OF FKHVlors MBTltODS AND 
THE IXTRUDriTIOX OF A.M IXOPII VLldX AS A XEW AGEXT 


JlAimv Kostkk, M.J).. F.A.(’..S.. a.nj) .Sta.m.kv -J. S.ui.voi r. .31.1). 
Bkooki.v.v, X. 3‘. 


T ECHXICAIj diffienllies have thus far interfered with tlirect measurements 
of the velocity of blood in the human bein" ,\n aj)]n'o.\imatiou has been 
sutigested b.v the estimation of the “eireulation time" which obviousl.v varies 
inversely with the veloeit.v. The estimations of eiivulation time arc dejiendcnt 
upon the detection of the arrival at .some previously chosen point of a substance 
int rodueed elsewhere. 

The arrival of the substance ma.v be detected b.v the j)atient. b.v the observer, 
or both. In general, it is e.VfK'cted that ob.ieetivity repie.senfs not onl.v greater 
accuracy, but also wider applieabilit.v (children, uncooirerative or comatose 
patients). 

The earliest effort to measure circulation time was that of Hcring' in 1827. 
Usiu" the Prussian blue method he mca.surcd the time lapse between the in- 
ieetion of pota.ssium ferrocyanide in one jugular and its a]>i)earanee in the 

other. 


Fioin Crown Heiphts Hospit.al, Brooklyn. 
Kecolvea for DUblicatioii, Aug. 2S. 1942. 
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111 1858 Vicvoult" aiiiiilified and osloiidod the use of this inetliod and, after 
many experiments in diflVrent animals, predicted tliat. in a human heiii" with 
a licart rate of 72 jM'r minute the eirenlation time from .iu;j:ular to jiiiiular would 
he 23.1 seconds. 

In 1803 Steward injected methylene blue int ravenously and detected its 
arrival elsewhere hy traiisillnmination. He also injected hypertonic sodium 
chloride solution, the presence of which was determined by the use of a galva- 
nonictor connected to non})olari’/.able electrodes jilaccd on a vessel, lleldolesi/ 
in 1925. and Koch.' in 1928. used the same method. 

In 1922 Loevenhart’' and his eo-workei-s injected sodium cyanide inti-a- 
venously and used a resiiii’atory casp as the end point at which time the 
cyanide wa.s considered to have reached the carotid sinus. In 1933 Robb and 
Weiss' adapted this metiiod for use in human heiiifrs. In normal subjects they 
found it to vary between 9 and 21 seconds, with an average of 15.6. The foot- 
to-earotid time avcra'rcd 27.7 seconds. Tliis circulation time includes the time 
taken for the reaction to occur after the airival of the cyanide at the carotid 
sinus. Olson, Levinson. Nechcles, and Gutmann' in a study of circulation time 
in shock .showed that the ‘‘reactivity time" of sodium cyanide varied constantly 
between 1 and 2 seconds. 

In 1927 Blumgart and Yens'’- devised a method for determining vein- 
to-artei'A- and vein-to-heart time which made it possible to calculate the circula- 
tion time in the pulmonary circuit. They injected radium C into an anteeubital 
vein and by means of a modified \Yilson cloud chamber obseiwed the time re- 
quired to reach the heart and the opposite brachial arterj*. near the elbow. 
Blumgart and 5Yeiss“ fmrnd that the time from vein to artery varied from 12 
to 24 seconds, rvitb an average of 18 seconds. The puhnonaiy circuit time 
varied from 5 to IT seconds, with air average of 10.8 seconds. This method 
undoubtedly is the most accurate one available, but its complexity makes its 
clinical use unfeasible. 

Weiss, Robb, and Blumgart,'- in 1929, found that the anteeubital injection 
of histamine phosphate produced a flushing of the face upon the arrival of the 
histamine in the minute vessels. The anu-to-face time averaged 24 seconds. 
The method has been abandoned because of dyspnea, cardiac astlrma, and 
headache as reaction phenomena. 

Winternitz, Beutseh, and Brirll'^- ” found that the iirjection of a solution 
of sodium dehydroeholate (decholin) prodireed a bitter taste upon arriring 
m the tongue capillaries. Tarr, Oppenheimer, and Sager'-'' found the eirenlation 
time by this method to vary between 10 and 16 seconds. 

Lr 1933 Pishherg, Hitzig, and King'*"- used sacehar-iii to measure the ann- 
to-tongue circulation time. A sweet taste sigirals the end point. The time bv 
this method varies between 9 and 16 seconds. 

In 1935 Teplov and Sov" used lobelinc with a cough as the end point. 
They had from 30 to 40 per cent failures. The method was improved by 
Piccioue and Boyd'^ who used a tickling sensation in the tliroat as an end 
point. 
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Jn IDo") Ilitzifi''’ list'd tln' injiTMion tt)' rtlifr to nicasiirf tlit* iiriii-to-liiii'; 
cimilalion lime. The dotoetion of fho otlan- in tlic ('xpiml air by tlic patient 
and often by tlie oliscrvor signals the end point. Tlie lafise of time varies 
between 4 and S seeonds. 

In 1030 rtold!icr<r-'’ injeett'd a solution of ealcinm ubieonate and found tlinf 
liy usin" tlie sensation of iieat on tbe tongue as an end jioint tlie arin-to-tonsuc 
eirenlation time averaiied 12.4 .seeond.s. varyinir between 10 and l(i .seconds. 

In I03G Spier, Wri<ilit, and Saylor-' injected a .solution containing mag- 
nesium sulfate, calcium gluconate, sotlinm cbloritle, and copper sulfate. The 
arrival of the solution at various stations was signaled by a sensation of heat. 
They found tbe average circulation lime of the arm to tbe tongue to be 14.0 
.seeond.s, to the hands 20 seconds, and to the feet 2S .seconds. 

In 1935 Zwillinger-^ sugge.sted the ii.se of magnesium .sulfate as the te.st 
drug. In 1937 Xcurath-^ emiiloycd tins drug e.stensively, u.sing the sensation 
of wanntli in tbe bead as the end point. 

In 1939 Gubner, Sebnur, and Crawford-' used tbe inbalation of carbon 
dioxide to measure tbe circulation time from the jmlmonary cajiillaric-s to the 
bead. Tbe end point was a feeling of warmth in the bead and an acceleration 
and increased depth of respiration. This lime ranged from 5 to 10 seeonds. 

In 1922 Koelr' injected (luoreseein to measure arm-to-nrm lime and found 
it to vary from 12 to 2G seeonds. 

Ececntl.v Fishbaeb-'"' reported the arm-to-eye time estimated b.v tbe in,ice- 
tion of sodium tluoreseein to vary between 7 and 15. G .seconds. Tbe end point 
is tbe appearance of a bright yellow tiuorcsecnee in tbe lower conjunctiva when 
viewed by ultraviolet light in a dark room. 

A critical review of tbe.se methods .strongly sugge.sts the desirability of 
establishing criteria for the aceciitanee of any method. The mast desirable 
method must conform to tbe following requirements: 

1. Tbe injected material mu.st be nontoxie in the do.scs u.sed. 

2. The injection of a small quantity (1 e.e. or less) should be sufficient 
to give a sharp end point so that inaeeuracies resulting from time loss during 
the injection be avoided. 

3. Tbe end point should be sharp and reliable. 

4. The end point should be objective to eliminate the .source of error in- 
herent in tbe untrained observer and tbe possible sluggishness of mental re- 
action of tbe patient and to extend the applicability of tbe method to children, 
the uncooperative, and the comatose. 

5 Tbe minimum of apparatus in simple form is necessary to facilitate 


clinical use. 

6 Tbe agent used should be readily available. 

Tbe xanthines have long been Icnown to be raspiratoi^" stimulants. Tbe 
• ’ation that tbe intravenous injection of one of them, aminopliyllin, pro- 
Vsbarp respiratory gasp suggested its use for tbe determination of arm- 

tr-bcad circulation time. 
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AlKTHOt) 

The patient should ho lyinfi flat on the hack for the brief duration of the 
test. A No. 20 frnu'rc needle is introduced into a vein in the antecuhital fossa. 
The tounuciuct is released and thirty seconds later 1 c.c. of aminophyllin (0.24 
Om.) is rapidly in.ioeled while a stoj) wateli inai'ks the inoinont of he.irinning of 
the inicetion. The awaited end point is a marked increase in tlie depth of 
inspiration which in many ea.sc.s amomits to a gasp. ^Yhilo this occurs in 
every instance, in some it may he preceded hy .swallowing movements, a 
change in facial expression resulting from subjective sensation-s, or sharp catch 
during expiration. The first observable change is taken as the end point. 


RF..SUr.TS AXD DI.SCU.SSIOX 


Ninety-two patients at various stages in the postoperative state were 
-subjected to this test. This included males and females ranging in age from 
12 to 82 yeare. 

The characteristic reaction of the patient was a transient dizziness, flushing, 
and a hyperpnea. In no ease did this fail to pass off in a few minutes, and no 
other untoward eft'oets were observed. 

The cii’culation times vained from 7.1 to 20.4 seconds, averaging 12.4 
seconds. 

This test under the limited conditions of trial here described has been 
perfectly safe. No .special appai'atus is recpiired. 

The preparation is available in 2 c.c. ampules previously recommended for 
intramuscular use. Although as little as 0.25 c.c. is frequently sufficient to give 
an end point as determined hy preliminary studies, the larger dose of 1 c.c. is 
preferable because it always gives the response, and yet it is still a small 
enough quantity to he quickly injectihle. 

Confirmation of the respiratorj- response to the intravenous injection of 
aminophyllin is found in the report of Sperling, Welsman, and Papenna.ster-' 
who used it postoperatively in the hope of diminishing atelectasis and pneu- 
monia. They graphically demonstrated the response hy recording the re.spira- 
torj' excursion with the ordinary basal metabolism machine. In a .study of 
twenty-two patients they found “an immediate increa.se of the depth of 
respiration averaging 51 per cent.” 

It is an objective method with a sharp end point. In the seventy-two 
instances in which it was used by us, in only one case was there any diffieultv 
in recognizing the end point. 
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CHRONIC HEMOLYTIC ANE:\IIA WITH PAROXYSMAL NOCTURNAL 

HEMOGLOBINURIA® 

Cask Rki-okt With Exi'kiujikn-tak Studies 
Bykox J. IfoiTMAX, M.1).. AND RoY R. Krackk, M.D. 

, EjIOUY I'NIYKRStTY, Ga. 

^IIRONIC heiiiolytii' aiioinia with the accompanying features of hemoglo- 
^ bincmia and paroxysmal nocturnal hemoglobinuria is characterized by con- 
stant and excessive intravascular red blood cell destruction with exacerbations 
that are provoked by sleep, whether during the day or night. This s>*ndrome was 
first described by ^larchiafava and Nazari in 1911,' discussed again in 1928 
and 1931 by !Marchiafava,~ and at length in 1931 ])y Mieheli," and is frequently 
called the iMarchiafava-lMichcli syndrome. Approximately 40 eases have been 
reported. 

This disease has two fundamental featm-es; first, the intravascular destruc- 
tion of the erythrocytes, mainly during sleep, and secondly, the paroxysmal 
appearance of hemoglobin in the urine. 

The agent producing this type of intravascular hemolysis remains unknorvn. 
The presence of hcnroglobin in the blood plasma between the periods of hemo- 
globinuria, the anemia, if the regenerative efforts of the bone marrow do not fully 
compensate for the excessive hemolysis, aird the persistent reticulocAdosis are 
the signs of constant erythrocytic destruction. There is no familial tendency 
and no relation to food, drink, posture, drugs, or geographical distribution has 
been noted. Prolonged exposure to sun, severe chilling, and physical effort cause 
no exacerbations. About 70 per cent of the cases have been in males, with an 
average age incidence between 20 and 40 yeai-s. In the reported cases the di.s- 
case has been fatal, usually within two to five years, and all therapeutic pro- 
cedures, including splenectomy, have been unsuccessful. Mackenzie,^ in discus- 
sing the “march'’ type of hemoglobinuria observed in soldier’s after long marches, 
or occasionally in persons after severe physical effoi-t, suggested that the in- 
creased blood levels of carbon dioxide during exercise may act as a hemoh'tic 
agent. 

Ham,^ who has studied tlris disease very thoroughly in five eases, concluded 
tiiat the defect was present in the red blood cells, and not in the blood serum, 
and that the erythrocytes were abnonnally sensitive, even -within physiologic 
range, to normal variations of the blood pH toward the acid side during sleep. 
Ham, as well as Buell and ilettier,® demonstrated that the essential factor for 
hemolysis in the serum of these patients is destroyed by heating to 56° C. and 
is not restored by the addition of complement. Buell and Mettier,® after eariy- 
ing out studies on the hydrogen-ion concentration, concluded that the funda- 
mental di.sturbance appears to be in the red blood cells which become sensitized to 
lysin normally present in human serum. 

versiu?''’""’ ot Patholog>-, Emor>- Universit.v School of iledicine. Emor}- Uni- 
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In view of the :iI>ove eoncept, alkali sails have heeii adiniiii.sicrcfi hy various 
investigators in an effoi-t to render the blood ])1I more alkaline, but this has re- 
sulted only in teinj)orary iinjjrovcnient, followed by an inercase in the degree of 
hemoglobinemia and hemoglobimiria. Likewise, in the ease rcj)orted here, this 
has proved to he an unsatisfaetoi-y iiroeedure, since the ])rolonged administration 
of alkali salts was followed hy a marked aeecntuation of the hcmoglohineinia and 
hemoglohinuria. 

The mechanism responsible for hemoglolnn in the urine includes two ni.'ijor 
factors. The first, Jis staled before, is the intravascular deslruelion of the erylh- 
roeyles in excess of the I’eticulo-endolhelia! capacity to convert the released oxy- 
hemoglobin into bilirui)in, thereby re.sulting in free hemoglobin being dissolved 
in the blood plasma; and secondly, the renal threshold for hemoglobin. The 
latter is ba.sed upon the functional capacity of the nephron unit to pa.ss the large 
hemoglobin molecule when an ade<iualc plasma com-eni ration is attained. An 
explanation of this thre.shold might be found in Whipples' “glomerular thresh- 
old” concept whereby it is a.ssumcd that hemoglobin pa.sses through the glomeru- 
lar filter and is rai)idiy reabsorbed by the tubular epithelium. As the rate of 
filtration through the glomei-uli exceeds the r.-ite of absorption by the tubule.s, 
hemoglobin appears in the urine. It is generally com-cfled that hemoglobin pa.s.scs 
the glomerular filter. Bicicr’' has shown that the aglomerular nephron doc.s not 
excrete hemoglobin oven aftei- being djimaged with bichloride of mercury. As yet 
it is not kno\ni how the large hemoglobin molecule with a molecular weight of 
67,800 pa.s.scs the glomerular filter when the molecule of serum albumin with a 
smaller molecular weight of 67,000 fails to pass it. Bietor,® on the basis of varia- 
tion in size of the glomcrul.-ir membraiic pores, has e.slinuited that 3 per cent of 
these are of sufficient size for the passage of the hemoglobin molecule. Yet hemo- 
globin has been observed in the urine of the.se patients without albumin. 

Factors other than molecular size may also be involved in the pn.ssage of 
proteins through the glomerular membrane. Eis-se" maintains that the electrical 
charge of the ])rotein ion and the glomcrulai- membrane is concerned, Webster*® 
and his associates studied the physicochemical factors controlling the pn.ssage 
of proteins across the glomerular membrane and found that the elimination of 
dissolved hemoglobin by the perfu.scd frog kidney was greatly increased at Hie 
acid side (pH 5.5) and was much lc.ss at the alkaline side (pH 7.8) of the pH 
range studied. 

If the permeability of the glomerular membrane is altered on exposure to 
high concentrations of hemoglobin, albuminuria theoretically, at least, should 
accompany hemoglobinuria, yet it docs not always do .so. Hifferent threshold 
values have been observed in human beings and in dogs. Monke and Yuile" 
have determined the average value for the initial rate of tubular absorption in 
do^s to be between 2 and 3 mg. per minute, witJi diminishing value.s to lc.ss than 
1 m". per minute after the threshold lias been lowered by daily injections of 
hemoglobin sufficient to cause gross hemoglobinuria. 

In summary then, the mechanism may be a combination of altered glomerular 
permeability and tubular reabsorption, but at the present time most of the 
evidence indicates that tubular reabsorption capacity is entirely responsible 
for the phenomenon and hemoglobin will appear in tlie urine when the plasma 
concentration attains a level of 130 to 150 mg. per 100 c.e. 
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Preurnt Ilhti'ss . — Tite piifiptit (lie onset of iiis weakness from .Tuly, 19',’i5, following' 

the extraction of a tooth, at which time no unusual r|iianlitics of bloor] were lost. Because of 
this u'eakncss ho consulted a jthysiciati wlio informed him that ho had pernicious anemia and 
advised treatment. Liver injections were begun. At almut thi.s same time lie began to liavo 
indigestion which he descriln'd as a postprandial epigastric fullness, some abdominal gaseous 
distention, and a burning sensation wbicb extended from ibe phnrvaix to the epigastrium- &'ome 
of his friends first eomincnted on his pale appearance during lO.ld. After a vacation he re- 
turned to work in .Vngust. and continued his dutie.s until hospitnl admis.sion. e.xcept for 

an occa.sionnl day or two wtien he remained at home because of weaknes-s. He was treated 
constantly by his physician with weekly injections of liver e.xtract, and .sometime.-: from two 
to three injections per week from 10.15 until the first half of 19.19. During 19.15 he first noticed 
that Ids morning specimen of urine was frequently dark red to almost black in color. This con- 
tinued to a variable degree until .Tuae, 1919, when the d.ay urine specimens were sometimes 
dark and the morning specimen always red to black. 

His anenda became so severe in 19,1S that he was given bis first transfusion. A total 
of six were given during this year and the first lialf of 1919. Each time he would return to 
his work after a few days of rest at home. 

Following a transfusion he had a mild chill and noticed that his urine was much darker, 
but this was not disturbing for lie bad noticed the same type of discoloration on former occa- 
sions. Also, after another citrate transfusion of 500 c.c. of whole blood in Xovember, a 
severe generalized urticaria and edema of the entire body occurred. These subsided following 
the administration of adrenalin subcutaneously, epliedrine sulfate by mouth, and several days 
of bed rest. 

Past History . — CliiJdhood illnesses included whooping cough and pneumonia at one year 
of age, and later mumps and measles without complications. During childhood he played with 
other children witliout fatigue. In 1928 he became employed in tJie box department of a 
paper company and remained at Ms job until May 1, 1935, when he was transferred to the 
stereotype department. Tliis work was done in a poorly ventilated room and consisted of 
melting the metal composition at very high temperatures and pouring the type. 

System Iteriew: The cardiorespiratory, gastrointestinal, and genitourinary systems were 
negative except as mentioned above. Tliere was no evidence of food allergy. He has never 
had areas of anesthesia, paresthesia, or hyperesthesia. There was a gradual loss of weight 
from 100 pounds in 1915 to 140 pounds in 1939. 

Family History: His mother died in her late thirties following complications of tubal 
pregnancy; his father died at 50 years of age with Bright's disease; and one brother and one 
sister died in infancy from unknown causes. One brother is living and well. Deaths on both 
sides of the family have usually been due to kidney and heart disease. 

Marital History: He married in April, 19.15. His wife had always been in good health 
but never became pregnant as precautionary measures were taken. 

Physical Examination . — He was a well developed and moderately well nourished wlute 
male, about 27 years of age, with a distinct pallor but no excessive skin pigmentation. His 
temperature was 98° F., poise rate SS, respiration normal, and blood pressure 15-1/74. The 
positive physical findings were confined to a slight icterus of the sclera and a marked paUor of 
the conjunctiva and the oral mucous membrane. The gums around the lower central incisors 
Were diseased witli pyorrhea and were beginning to recede from the teeth. Tliere was no 
eridence of cardiac enlargement. Soft blowing systolic murmurs were present at the mitral, 
aortic, and pulmonic areas. The aortic second sound was loud and snapping and greater than 
the pulmonic second sound. The liver was normal in size, the spleen was not palpable nor was 
its area of dullness increased. Tiie reflexes were physiologic and lymphadenopathy was confined 
to a few small shotty glands in the inguinal region. The nail beds were verv pale. The weight 
was 145 pounds. * ° 

Laboratory L'indinys . — 

Erythrocytes 2,170,000 per cubic millimeter 

Hemoglobin 7.7 Gm. (50 per cent) 
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IaMII'Oi'VII'S 

•l.tmd per eiihie inilliineler 

])in‘('ivnlinl rnimt 


.'ll per cent 

HiiTids 

M 

Kosiiiopliih's' 

1 



Momicyfcs 

fi 

Koticiiloi-yli's 

L‘<) per cent 


l.*,(i,()(>i) per eiibie millimeter 

Clot rctniclldti tilin' 

Normal 

Hlccdiilf; tiiiii" 

Normal 

(Niiiduliitioti time 

Normal 

Ploml driiup 

O ( International j 

Kiilin 

Negative 

VoIiitiK' iiiili'x 

1.1)1 

Seiiiiiicntiiliiui rnti' 

\Vesleri;reti — "D mm. at one hour 

Winirobe (•■orri'cled} — ll> mm, at one hour 

The .'-ttiilieil smear revealed the < 

•rytlirocyle-. to Imve an iiM'ra're or sli};htly lareer 

than normal diameter, "iviiie the a(i[ie!iratiee of slieUt maereeytiwiw with a sli(tht decree of hy- 

jierehromia aeeomjiaiiied hy a moderate 

variiitioti in si/e and simpe of the rtsl Mood cells. 

Tlicre were no iilmoriiial h'lieoeyti's. titid 

the platelets weri' normal in number and tippearanee. 

Thiek- and thin-droii iireparatiotis for malarial jiarasiti's were neeative. lllood examination 

diirine tiie nijjht for tilaria was iietralive. The van den Herj^h reaetion wtis indirect with 1." 

iiiR. of hiliruhln jier lOl) e.i'. of seniiii. 

Icterus index 

17 

Blood etiltiires 

.\naerobie, ai'roliie, and tinder 10 per cent 
earboii dio.xide weri' ni’Kiitive 

Blood chemistry 

Xonjirotein aitroReii 

1!- Ill};, per It'll e.e. 

Creatinine 

I.," Ill", per 100 e.e. 

Sstiftar f fast ill};) 

lot! nifr. per 100 e.e. 

Ctilciiim 

n.l> III*;, per Did e.e. 

Phosphonis 

It.ti 111 };, per 101) e.e. 

Chlorides (whole hhiod 1 

ISO III};, per 11)0 e.e. 

•Sodium (serum) 

.'l/li iiu;. per lOD e.e. 

Potassium (serum) 

-0 III", per 111(1 e.e. 

Cholesterol 

Pdti III", per lot) e.e. 

Total protein 

(>.() Gm, 

Albumin 

■1.0 Gm. 

Globulin 

2.1) Cm. 

Fraplity lest 

Control Patient 

Befrinnint; hemolysis 

•12 .(2 

Complete hemolysis 

02 .to 

Spectroscopic exaiiiinatioii of plasma and serum revealed absorption bands of oxylieimiglobiii. 

No porphyrin or other abnormal bands were iiresent. 

Alorninp; urine 

Color 

Dark red 

•Specific eravity 

1.025 

Albumin 

Traee 

Acetone 

Negative 

Diacctic iicid 

Negative 

Benzidine test 

■1 plus 

Bile 

Negative 
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Urobiliiuiycii 
Mil'ro'jcnjiin 
Spool ros(!(>pii- 


Slinlitlv inoroiis-od. Morning .^pociincn positive 
in 3 S’O mill day spooimen 3 :20 dilutions 
Innnineralilo tvijile pUospliutc and amorphous 
phosphate crystals. No red ccll.s 
Revealed uhsorption baiid.s of oxj’licmoglobin. 
No jiropliyrin absorption bands were pres- 
ent 


All sppoimons of urine voided during the day and night, were saved. Without c.Kception 
those voided during the night and on rising were red to black in color without the presence of 
rod blood cells and gave a strongly jiositivo benzidine reaction. The patient s sleeping habit.s 
were reversed so that he slept during the day and stayed up at night. Still the rod to black 
urine followed sleep, whether during the day or night. 

llonath-Landsteiner Chilling Test Negative 

Urine examination for lead O.Otlo nig. per 100 c.c. patient 

0.0:{5 mg. per 300 e.e. — control 

Cevitamic acid content of urine 

per twenty-four liours 20 mg. 

Cystoscopie examination and retrograde pyelograms were normal. 

The kidneys excreted 07 per cent of tlie phenolsulfonphthalein dye in one hour after it 
was given. 


Skin biopsy (stained with Prus.sian 
blue) 

Basal metabolic rate 
Stool examination 

Gastric analysis 

Fasting specimen 

.30 minutes after Ewald meal 

Lactic acid 

Blood and other abnormal 
contents 


Negative for hemosiderin 
Plus 8 

There were no parasites, ova, or abnormal 
bacterial flora on culture studies. 

35 degrees free acid 
52 degrees free acid 
Negative 
Negative 


Skin tests for food sen.sitivity : Positive reactions were obtained for .shrimp, scallop, crab, 
cherry, prune, cocoa, banana, carrots, celery, mushroom, cranberiy, and dates. 

Diagnosis . — The diagno.si.s of paroxy.smal noctm’nal hemoglobinuria vva.s 
based on the nocturnal exacerliations of hemoglohinui’ia a.ssociated tvith the 
anemia, reticulocytosis, and hemoglobinemia. Paroxy.smal cold hemoglobinuria, 
the most common of the paroxy.smal types, was excluded since there was no hi.s- 
torj- or clinical evidence of syphilis; the W’^asscrinann, Kahn, atid Donath-Land- 
steiner reactions were negative, and exacerbations of hemoglobinuria were not 
provoked by chilling. 

Paroxy.smal march hemoglobinuria was not considered, since it is usually ob- 
served in soldiers following long marches and is directly related in other isolated 
instances to physical effort. In the inarch type there is no evidence of a con- 
stant intravascular erythrocytic destruction, and even though there is a transient 
hemoglobinemia there is no sustained anemia, rcticulocytosi.s, or icterus. 

Favisni,’= a form of allergic paroxysmal hemoglobinuria, was excluded hv 
tiio eiimination without beneficial results of tho.so foods to which the patient "av'e 
positive skin reactions. 
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Blood 2)IJ Dclcrminaiiomt. — Promlim' ; Venous lilootl \v;is drawn from the 
iiiiterior eii])ital vein into a dry syringe; willioiit tlie use of a tonrni(|iiel. Heparin 
was used as the anlicoap:u]ant. and no suction was a])j>lied to tlio plniifier of tiie 
syringe during ti\e. withdrawal of the hl<iod. Tlie Beeknian glass electrode po- 
tentiometer was used to obtain the hydrogen-ion deteianination. After withdraAval 
the blood Avas immediately ti'ansf'ei'red to the eiip of the instrument, the glass 
electrode Avas innnersed, and the j)!! aa'os determined. Controls A\-ei-e done on nor- 
mal persons u-sing the same in.stniment and teehni<iue. All blood specimens taken 
during Avaking hours AA-cre obtained after tAA'o or more lioui's of bed rest. Blood 
samples Avere taken immediately after being aAv/deened in the morning, in the 
CA’cning, and during the night hours (.see Table 1). The j>atient and control Avere 
aAvakened from sleep foi- the latter. In one instance the .sleeping habits of the 
patient and control Avere reversed and <leterminatiuns Avere made. 


t.uii.k I 


DATE 

noui: 

pH or vKxor.s 
mmm 

!*ath:\t *s 
ri.ASMA nb. 

roi.oi: or ; 
J*ATlf:^*T^S 
I’ltJ.VK 

IlKNZUUNi; 

imAtmo.N or 

UKt.S'E 

DATIKKT 

<*<)N- 

TIIOI* 

CONC. IN MO,/ 
100 (•.('.* 

12/ 7/yf 

7:00 r.M. 

(up all (lay) 

7 :<i7 

7 ;»I9 

SO 

V(‘llrnv 1 


12/ 7/39 

12:00 r..A[. 

(aAvakonod from 
sleep) 

7:40 

7:43 

1,S0 

Dark nrnbor i 

1 

i 


12/ S/.39 

7 :00 r.M. 

(tip all day) 

7:29 

! 7:32 

no 

i 

.Amber 

i 

1 

- 

12/ 9/39 

7;. 30 A.M. 
(atvakoned ) 

7 '/X’f 

7 ;*>0 

2S0 

Black 

T -f + -f 

12/10/39 

12:00 r.M. 
(aAvakened) 

7:43 

7:24 

270 

Black 

+ + + 

12/11/39 

7:00 r.Jt. 

(up all day) 

7:43 

7: .32 

120 

VelloAV 

- 

12/12/39 

S:00 r.Jt. 

(up all day) 

7:30 

7 ;.'»5 

95 

VelloAV 

- 

12/13/39 

8:00 A.M. 

(up all night) 

7:39 

7 

105 

YpIIoav 

- 

12/13/39 

5:00 r.M. 

(slept during 
day) 

7:39 

7:31 

185 

1 

1 

Dark red 


12/14/39 

7: A.M. 

(up all niglit) 

7 roo 

7 :.!0 

100 

VelloAV 

- 

12/14/39 

1 :30 r.M. 
(aAvakened from 
.sleep) 

7:45 

7:42 

ISl 

D.ark red 

+ "f 


•Blood plasma of control contained no hemoglobin. 


No consistent Amriations of the blood hj’drogen-ion concentration, as indi- 
cated by blood pH deterinination.s, could be sIioaa'ji on the specimen of blood 
taken after the patient A\ms up the entire day or on the specimen obtained AA’lien 
the patient AA'as aAvakened from sleep, AA'hether during the night or at the usual 
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hour of risiii". Tlic iiicnn iivcrnfxe for pH determinations obtained after being 
awake was T.3:i and that after being asleep was 7.40; wlicreas that of the eontrol 
subject during waking hnur.s was 7.33 and after being asleep was 7.34. 

The observations on this patient and the control .showed very little difference 
in the pH of the blood after being awake and on being av.’akened from .sleep. 
The mean values obtained after sleep are sligbtly more alkaline in both the pa- 
tient and the eontrol. Tn this ca.se, 1hei-e docs not appear to be a definite rela- 
tionship between the hydrogen-ion concentration of the plasma and the nocturnal 
exacerbations of the intravascular red blood cell de.struction. 

As Ham has pointed out,'’ it is possible that the deeper portions of the body 
have a greater variation of the blood pH, witbin the normal range, on the phy.si- 
ologic basts of a slowed blood .stream and shallow respiration during sleep. 
Howevei’, it would appear that the slowed blood stream and .shallow respirations 
during sleep are evidences of a lowered metabolism accompanying a decrease 
in the physiologic demands of the respiratoiy and circulatory sy.stem.s at this 
time. Furthermore, the reserves of the blood buffer .system should be adequate 
to compensate for slight variations of carbon dioxide during sleep without dis- 
turbances of the blood pH if it is capable of maintaining the balance during 
exercise. 

Plasma JlcmofiJahhi Determhaiions . — The blood pla.sma was utilized for 
quantitative plasma hemoglobin detei-minations by using the Sheard-Sanford plio- 
telometer. Comparatively large volumes of plasma (from 2 to 3 c.c.) were neces- 
sary to obtain accurate and eonsi.stent readings. A voided specimen of urine 
was obtained from the patient each time blood samples were dra^vn. The color 
and the benzidine reaction of each are I’ecorded in Table I. 

The plasma hemoglobin concentration obtained during different times of 
the day and night varied from SO to 280 mg. per 100 c.c. of plasma. The lower 
levels occurred after being awake for a number of hours and the higher levels 
following sleep. 

The urine specimens varied in color and intensity of the benzidine reaction. 
All the blood plasma concentrations beHveen 80 and 120 mg. per I'OO c.c. had an 
accompamnng yellow or amber urine which did not contain hemoglobin, whereas 
the levels from 180 to 280 mg. per 100 c.c. had a urine red to black in color and 
a marked variation in the intensity of the benzidine reactions. No blood levels 
were obtained between 120 and 180 mg. per 100 c.c. 

The urines were usually red and gave a 2 plus benzidine reaction when the 
plasma levels of hemoglobin were 180 mg. per 100 c.c. This would indicate, 
as near as can be determined from voided specimens, that the renal threshold 
for hemoglobin in this person is well below 180 mg. per 100 c.c., and above 120 
"ig. per 100 c.c. 

Effect of Sympathetic Stimidant. — As sleep in this disease is accompanied 
by exacerbations of intravascular erj'throeytic destruction, the physiologic 
features concerning the state of sleep were considered. The cause and nature 
of sleep remain obscure. Manj' theories have been advanced. Among the more 
widely accepted is that of Hess,'^’ ” who after extensive investigation concluded 
that sleep was a parnsj-mpathetic function. He pointed out in support of his 
theory that the constriction of the pupils, the bradycardia, and the vasodilatation 
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aceoinpamyinp: sleep are parasyiiij)al!i(>lic finielions and respond to pai'asymjm- 
lliet.ie sliimilants. On this basis, a .series of ('X|)erimental studies were earried 
out on this patient in an effort to doterinine tlie effeets of .sympathetie sliinulant.s. 

TaI!U; II 


p.\Ti: 

TI.ME AND 

AMOFXT lacro 
Givn.v 

ri:!N-r, roi.nn time vmwai 

foi.on OK 

OK I»AY 


nn. i 

i:KTir. 

F'J) 

1/25/40 

None 

Itcd 

2::i0 A..V. 
Ilenzidine jiosi- 
tivc 

Hlack 
.s;00 A.M. 
Henzidine posi- 
tive 

A'ellow to 
:imber with j 
occasional 
benzidine 
jiositive 

2.I0tMi00 

1 

i 

7..S 

i 

IS 

1/2G/40 

0.5 c.c. :ul- 
rcnulin 

0:00 r.M. and 
1:00 A.il. 

Light amber 
1:00 

Henzidine [lo.-i- 
tive 

-Amber 

7:0ti A..M. 
Henziiline posi- 
tive 

Isame 

2.100,000, 

7,S 

14 

1/27/40 

0.5 c.c. ad- 
rciinlin 

0:00 r..M. 

2:00 A..M. 

Yellow 

2:00 

Henzidine posi- 
tive 

I.iglit n-d 

7 :00 A.M. 
Henzidine posi- 
tive 

.‘'.-imi’ ! 

2,100,000 

7..S 

14 

1/2S/40 

0.5 c.c. ad- 

Dark amiier 

-Amber 

.Same 

2,200,000 


12 

tlirougli 

renal in 

2:00 a.m. 

.S:00 A.M. 


2.240.000 

S.5 

12 

1/.H/42 

0:00 r..M. 

2:00 A.M. 

Henzidine po.si- 
tive 

Henzidine po.-i- 
tive 

j 

2.470,000 


14 

2/ l/40' 
2/ 2/40 

Aclronalin 

omitted 

Liglit red j 

4;00 A..M. 
Ucnziilinc 
.st rough- jiosi- 
tive 

Light red 
•S:<I0 .v.M. 
Henzidine 
stroiiglv posi-j 
tive ' i 

.Same 

2..'!on,noo 

; S..-1 

! 

14 

2/ .’./40 
llirougli 
2/14/40 

0.5 c.c. ad- 
renalin 

0:00 r..M. 

2:00 .\.^r. 

Yellow to 
amber 

2:00 A..\f. 
Occasional 
benzidine 
Jio.sitive 

.Amber 

S:00 ,v.M. 
Ocea.sional posi- 
tive benzi- j 
dine ! 

Same 

2.250,000 

.s.tt 

j 

u 

1 


The first was adrenalin. One-half euhie eentiineler doses of adrenalin in oil 
(Parke, Davis & Co., 1:1,000 eoneentration) were adinini.stered subeutaneously 
at 9:00 p.m. and 3:00 A..n. eaeh ni<jht (Table 11). Tlie date (Jan. 2:'). 1.940) listed 
on Table II as having red to black urine after sleep is typical of the nocturnal 
hemoglobinuria occurring at that time. On the nights following the subculancous 
administration of adrenalin only an occasional urine contained suiTieient hemo- 
globin to cause red discoloi-ation. The injections were omitted on the nights 
Feb. 1, 1940, and Feb. 2, 1940, and the urines again were red with hemoglobin 
following sleep. The administration of adrenalin was resumed, and the urines 
returned to a yellow or amber color with only an occasional morning specimen 
having a positive benzidine reaction. The red blood (*ell count, hemoglobin, and 
decree of retieuloeytosis were not appreciably altered during this time. The 
eiTthroeyte count increased about 400,000 cells per cubic millimeter and did not 
increase further even though the degree of nocturnal hemoglobinuria had de- 
creased and the patient felt much better. The whole blood hemoglobin increased 
only slightly while the regenerative activity, as indicated by the degree of 
reticuloe 3 dosis, remained constant. 
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Syntliotk' su)ir:iiTiun was thou substitutcrl for the afiueoiis extract of the 
suprarenal "Iniul from Fch. 14, 1940, throu"h Feb. 19, 1940. Beginniii" Feb. 16, 
1942, tlie morning urinc.s varied fr<»m a dark amber to very light I’cd color, and 
all specimens after .slecj) gave a strongly positive benzidine reaction. During 
this i)eriod the red blood cell count remained at 2.300,000 cells per cubic milli- 
meter. 

All medication was discontinued on Feb. 19. 1940. After several day.s an oc- 
casional specimen voided during the night and the morning specimen of urine 
varied from a light to dark red color. Curiously enough, the sAmthetie supra- 
renin, in the .same dosage and concentrations, did not bring about the same im- 
provement in the hemoglobinuria as the aqueous extract of the medullary* por- 
tion of the suprarenal gland. Tliis would suggest the presence of additional 
beneficial agents in the natural extract other than adrenalin. 

Effect of rarcwjmpaihctic Htimulanis. — Since a s.A-mpathetie stimulant, 
adrenalin, had improved the state of hemoglobinuria and hemoglobinemia Avith- 
out appreciably altering the status of the blood, it seemed AA-orth Avhile to de- 
termine the effect, if any, of parasympathetic stimulants. 

As an accentuation of the hemoiy.sis and subsequent exacerbation of hemo- 
globinuria seemed possible, small doses of prostigmine (1 c.c. of a 1:4,000 solu- 
tion) Avere given subeutaneousl.v at the usual hours of 9:00 p.ii. and 3:00 a.m. 
All urine specimens became normal in color, Avith only an occa.sional one giving a 
positiA'e benzidine reaction. In.iections of prostigmine Avere coiitinued for scA'en 
nights. Then eserine sulfate in a dosage of 0.7 mg. subeutaneoush' at the .same 
iioui's of 9 :0{) p.At. and 3 ;00 a..ai. gave tlie same results. Pilocarpine hydrochlo- 
ride in 3 mg. doses subcut aneou.sly AA'as stai-ted on ilarch 31. 1940. and contin- 
ued through ilarch 26. 1940. All urines remained yelloAv to amber in color, free 
of hemoglobin, and the patient felt much better during this period of time. Hoaa*- 
ever, the red blood cell count never AA'cnt aboA'c the IcA-el of 2,500.000 Avith 7.6 
Clm. of hemoglobin. All urine specimens AA'cre of a nomial color. AA'ith an oc- 
casional one giving a positive reaction for hemoglobin. Pilocai-pine hydrochlo- 
ride liad been discontinued for tAA'onty days before the ux-ines voided during 
the night and on aiising in the morning again became dark amber in color and 
consistently gaA-e positiA'e benzidine reactious. The red blood cell count at this 
time A’aried from 1,800,000 to 1.950,000, appro.vimately 400,000 le.ss than the 
levels obtained during the administration of parasympathetic stimulants. 

Eschatin, the aqueous extract of the adrenal cortex prepared by Parke. 
EaAus & Co., Avas started on April 15, 1940, in 0.5 c.c, doses subcutaneously at 
9:00 p.Aj. and 3:00 a.ai. and eontinvxed through Apinl 25, 1942. This prepara- 
tion was used because of the beneficial results obtained Avith- the natural 
adrenalin, Avhereas the use of synthetically prepared epinephrine appeared to be 
of liltle or no value. The urines i-etumed to a light amber or yelloAv color and 
Avcrc free of hemoglobin. After scA'cral day.s the red blood cell count increased 
to 2,300,000 cells x)ev tmbic millimeter but ncA-er attained higher Ica-cIs, 

Ten grains of sodium chloride AA'ere then administered orally in conjunction 
with the cschatiu for a period of a A%-cck without beneficial or hai-mful effects 
Then synthetic eortin, dcso.xycorticosterone, Avas substituted for eschatin during 
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a period of hcnioglobimiri.T witliout altcnition in tlic degree of tlie noctnrnnl 
hemoglobiimria. 

The urines continued to be free of liemogloiiin lliroughout the months of 
May and June, the erytliroeyte count remained at about 2.200,000 cells per cubic 
millimeter, and the reticulocyte count varied from 10 to 20 per cent. At this 
time the patient was dismissed from the hospital, advised to limit his ])hysical 
activities, and return for observation in the out-))atienl department. 

Subsequent Course . — The patient did as he was advised and maintained an 
erythrocyte count of 2,100,000 with 21 ])er cent retieidoeylcs for the following 
six months. In January, 19-11, he contraelcd inOuenza, and was hospitalized, 
and treated symptomatically. At that time the erythrocyte count was 
1,680,000 per cubic millimeter with 12 per cent reticu!oeyte.s, but I’cturncd to 
2,000,000 per cubic millimeter a few day.s after the infection disappeared. No 
hemoglobinuria occurred during this time. The temiicraturc of the patient was 
always normal except during tlic upper respimtory infection. At this time the 
condition of the patient is about the same. 


GKNKIt A I. DISCI '.SSIO.V 

The results of the agents employed in these studies arc olTcred without an c.x- 
planation of their mechanism. Papilian and Antone.scu-MazihP' recently invc.sti- 
gated the antihcmolylic action of adrenalin and .showed that natural adrenalin in- 
hibits the hemolytic effect of mercuric chloride and digitalis on erythrocytes in 
vitro and in animals. It is unusual that the aqueous extracts of the medullary and 
cortical portions of the adrenal gland will have similar effects on the nocturnal 
exacerbations of erythrocytic destrticlion. Yet tlic .synthetic preparations of 
adrenalin and eortin were for the most part inctfeetive. Tin's would suggest that 
the antihemolytic agent is neither adrenalin nor eortin, but another product 
which is present in both portions of the adrenal gland and is water soluble. 
Eschatin, the natural cortical extract, was more efficacious in decreasing the noc- 
turnal exacerbations of hemolysis witlioul liaving the stimulating side cfi'ccts 
of adrenalin. Polycythemia"’’ with characteristics of iiolycythcmia vera has been 
observed in adrenal cortical tumors and basophilic adenomas of tlic pituitary. 

The action of the parasjTnpathetic stimulants i.s equally obscure. Stimu- 
lation of the parasATnpathetic system .serves as an activator to the secretory 
epithelium of the gastrointestinal tract, its appendages, and the sweat glands of 
the integument. Perhaps the parasympathetic also serves to stimulate the 
adrenal gland to produce an antihemolytic agent or .some product concerned 
Avith the development of erythrocytes that are more resistant to normal blood 
hemol 3 "sins. 

These agents sufficiently deerea.scd the hemol.vsis during the usual noc- 
turnal exacerbations to lower the plasma hemoglobin bclmv the renal threshold 
levels, thereby eliminating the symptom of hemoglobinuria which should be re- 
garded as no more than a urinar.v manifestation of excessive intraAmscular red 
blood cell destruction. 

It is not likely that the agents used in these studies acted favorably by 
altering the renal threshold for hemoglobin. Numerous ph.A'sicoehemieal factors 
have been cited as controlling the passage of proteins across the glomerular 
mcmbi-ane. Krogh” reviewed the evidence that the increased perme-)i'^’’ ..qf 
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the glomerular membrane often jmrallelod an increase in cajnliary diameter. 
Webster"’ and bis associates, in their work on the ])erfnsion of hemoglobin by 
tlic fi'og's kidney, found tlic gbtmerular membrane more permeable to hemoglobin 
and the ea])illary bod dilated at the acid end of the pll range. However, in the 
studies cited in this paper the hemoglobinuria was greatly le.?sened by capillary 
constrictoi's and disappeared with capillary dilators. Perhaps the improvement 
in the hemoglobinuria observed by Hanr’ following a limited administration of 
alk.ali salts and the relapse after exce.ssive quantities results from an alteration 
in the physicochemical factors of the capillary bed of the glomenili rather than 
the degree of inti'av, oscular red blood cell destruction. 

It is impo-ssible to know how much, if any, the course of the disease process 
has been altered in this patient by decrca.sing the nocturnal exacerbations of the 
hemolysis since the .state of anemia has not been appreciably altered. Splenec- 
tomy has been reported to lessen the severity of the noetunial hemoglobinuria, 
but the state of anemia and the doumwar-d coui-se of the disease continued un- 
altered in these cases. 

SmtMARY 

1. A ease of chronic hemol%'tic anemia Anth paroxysmal hemoglobinuria 
(ilarchiafava-JIicheli sj-ndrome) is reported. 

2. Reversal of the sleeping habits of the patient provoked hemoglobinuria 
during sleep, whether during day or night. 

3. Determinations of the blood pH did not reveal abnormal variations in 
the hydrogen-ion concentration after the patient was awake aU day or after 
sleeping all night. The mean average after sleep was slightly more alkaline 
{pH 7.4) than after being awake (pH 7.35). 

4. The renal threshold for hemoglobin in this patient was between 120 and 
180 mg. per 100 c.c. 

5. The severity of nocturnal exacerbations of intravascular red blood cell 
destruction was markedly lessened by the use of adrenalin and eschatin, the 
aqueous extracts of the medullaiy and cortical portions of the suprarenal gland. 
Sjmthetie adrenalin and desoxycortieosterone did not alter the nocturnal ex- 
acerbations of hemoglobinuria. 

6. The parasjTnpathetic stimulants prostigmine, eserine sulfate, and pilo- 
carpine hydi’ochloride were more efficacious than the suprarenal extracts in 
lessening the degree of the nocturnal i-ed blood cell destruction and .subsequent 
exacerbations of hemoglobinuria. 

7. Pilocarpine hydrochloride was the most effective. On each occasion after 
its use hemoglobin disappeared from the urine for many days or even weeks. 

8. The degree of anemia and reticuloeytosis were not appreciably altered 
during the remissions of hemoglobinuria that were produced by the rmrious 
agents employed in these experimental studies. 
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VARIATIONS IN SUSCEPTIRILITV 


TO (TNOHOIMIEN .\S OliSERVEE 


IN ANLAfALS WITH BILE FISTULAS® 


J. II. A.n’.nk«kr.s, JI.S., F. E. Skapi*. .Al.S., A. Atkinson*. I\1.S., JI.IX. 
AND A. C. Ivy, Pii.!)., .M.I).. C'uk'aoo, 111. 


I T HAS been .suggested by elinicnl tind experiinentiil observefs lluil in some 
instances, if not all, llic toxic manife.station.s of cinebopben arc due to b.vper- 
sensitivity.’ 

In the course of our studies of the elimination of cincliojtlien in the bile of 
dogs xnth chronic biliary fistulas, observations have been made Avhich show that 
some dogs arc more sensitive limn others and that, some dogs react more mark- 
edlj' to the first dose of the drug than lo .subsequent doses. 

In this studj" we have directed our attention to disturbances of cholic acid 
output in the bile as well as to such symiirtoms as anorexia, vomiting, and diar- 
rhea. It should be stated in advance that the animals u.scd in these experiments 
represent a selected group to establish variations in susccptibilitj' in tJie same 
animal and in different animals with a bile fistula. The seven .susceptible ani- 
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inals to lie referred to roiiie from a itroiip of dotjs with biliary fistulas ^\hif■h 
were given einelio])lien several limes over periods varying from two to thirty- 
tliree days. 

MKTHODS 

The animals had a elironie bile fistula of the Rou-s-^reifaster t>pc;' in addi- 
tion, some had a duodenal fistida for the return of bile into the intestine. The 
animals weighed from 7 to 18 kg. Ail were allowed to recover from the opeia- 
tion and to reach a constant t wenty-four-hoiu' outi)ut of cholic acid on the 
.standard diet. Numerous control tests on the diet with and without the retum 
of bile had been conducted prior to the administration of einchophen. 

Three different types of exi)eriment.s were pei'fonncd. Tn those of Group T. 
the initial dose of einehoi)hen was given after a period of from three to four 
days, during which time the animal reached a basal control output of cholic 
acid on the diet fed twice daily without the retum of bile. The cholic acid so 
formed comes from synthesis only. In tho.se in Group II the daily ration of 
the sfandai'd diet was divided into three portions and fed everv- eight horn’s, 
^nth the bile secreted during tlie jirevioiis eight horn’s being returned to the 
duodenum diu’ing a period of about one hour after the meal. When the output 
of cholic acid had reached a relatively steady level, 0.333 Gm. of einchophen 
was given with each meal. Thu.s the bile salts and einchophen excreted in the 
bile (4r5 to 55 per cent of the oral dose) were sub.)ceted to three enterohepatic 
circulations dailv. Tn the experiment-s in Group III, the animals, after being 
sub.iected to a basal control period on the diet without the retum of bile, were 
given through the duodenal fistula the bile secreted during the preceding 
hour. At the start of the hourly return of bile, 0.5 Gm. of einchophen was given 
^^^th the meal, and another dose of 0.5 Gm. was given with the next meal twelve 
hours later, and thenceforth until 2 Gm. were given, the hourly return of bile 
being continued. Thus, the bile salts and einchophen excreted in the bile were 
subjected to an enterohepatic circulation rather continuonsly as would occur in 
a patient without a gall bladder or with a nonfunctioning gall bladder. 

The dose of einchophen for the hiunan adult varies from 2 to 5 Gm. daily, 
or from 30 to 70 mg. per kilogram. The average dose received by our animals 
was approximately 100 mg. per kilogram, or on the basis of body weight it was 
equivalent to twice the average dose given to man. A snow-white einchophen 
powder® was used, which was odorless and completely soluble in alkaline aqueous 
solution. 

KESULTS 

Group [. — The four dogs referred to in Table 1 were allowed to reach their 
l)asal output of cholic acid on the diet. Then 0.5 Gm, of einchophen was given 
with the meal cvci-j' twelve hours for from three to five days. 

One of the dogs BS, on the second day of medication (Table J) started and 
continued to vomit diu’ing the two-hour period preceding each meal. Since her 
stomach was about empty at the time, little food was lost. This is important 
because vomiting, particularly of food, decrea.se.s cholic acid output, since much 
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of the cholic acid is synthesized from tiic ]>i-otcin of the iiifiesled food. After 
withdrawal of the einchopheii, llie cliolic acid output returned to the normal 
level within throe days, during whi<rh time no vomitiii" occurred. liUler, this 
animal was subjected several times to the .same dose of einehopheii ; no vomiting 
or anorexia and no decrease in cholic acid output occurred. 

TaiiI.K 1 


A Dose or 0..'j Gm. or Cikciioi'iien W.\s tUvEN With Tin; Mem.s; Twii r. D.mi.v Withoct 

Tin; UinrEK or Pii.i; 


DOG 

DATE 

in 

TOTAL 

('IIOMC ACID 

(^rn. vr.i: 

2^ in:.) 

UEClMi; 

B8 

ContToi 

109 

1,220 

liontrol; nverage of six tluvs 


2/2-t 

2.31 

1.508 

0.5 Gm. ciiudiojOien O.i.d. 


2/25 

21S 

873 

i 0.5 Oiii. vinoliojilicn li.i.d. Vnmiled u little 


2/20 

msm 

084 

0.5 Gm. ciiieiioidien ti.i.d. lieforn meals 


2/27 


738 

0.5 Gm. einehoplien h.i.d. 

CS 

Control 

130 

1.075 

Control; nverngc of tliree dnvs 


2/1 

325 


0.5 Gni. eiiielioplien li.i.ii. 


2/2 

.330 

1,080 

0.5 Gm. eineiioplien h.i.d. 


2/.t 

347 

1,822 

0.5 Gm. eineiioplien h.i.d. 


2/4 

mm 

1,792 

0.5 Gm. einehojilien h.i.d. 

CIO 

Control 

150 

1,740 

Control; uvorn^c of tlireo dnvs 


2/0 

■glM 


0.5 Gm. eineiioplien h.i.d. 


2/7 

234 


0.5 Gm. eineiioplien h.i.d. 


2/8 

249 


0.5 Gin. eineiioplien h.i.d. 

C7 

Control 

13S 

2,172 

Control; tivcrago of tliree dnvs unustiiillv liigli output 


i 



of flmlic neiii for eontrol 


2/5 

202 

1,892 

0,5 Gm. eineiioplien h.i.d. 


2/0 

203 

1.380 

0.5 Gm. eiiieliopiien h.i.d. 


2/7 

227 

1.118 

0.5 Gm. eineiioplien h.i.d. 


2/8 

.330 

1,088 

0.5 Gm. eineiioplien h.i.d. 


2/9 

320 

1,923 

0.5 Gm. eineliopiien h.i.d. 



The cincliophon wu« coutinucil for twelve diivs with nornuil outjiiitf of cholio 



acid 

, tlicii nitlnlrawn and started ncain tlirre dnv.s Inter 


2/20 

270 

488 



2/21 

311 

02S 




The cinchot>hrn was discouliuueil for two weeks nntl then it was ^ivon again 



for three davs w 

itli the following results; 


Control 

181 

2,280 

Control period of 3 dnvs 


3/5 

200 

2,590 

0..5 Gm. eineiioplien h.i.d. 


3/0 

288 

2. .300 

0.5 Gm, einelK)[ilien h.i.d. 


3/7 

247 

1 ii.in 

D 5 fipi rin^t'ODlUMi h.i.d. 


Dog C7 (Table I) showed a .similar dejn-e-ssion of cholic acid output during 
the second and third days of cinehoidien medication which rctunied to the 
“normal” level for this dog during llic fifth day of medication. This animal 
manifested no anorexia or vomiting. The cinchoplien was continued for a total 
of twelve days. Tlien the einchophen after three days of withdrawal was re- 
svimed again. The cholic acid output markedly decreased, though there was no 
vomiting and no diarrhea. The drug was stojpjcd for two weeks and then given 
for three days. Some, though not a significant, depre.ssion of the cholic acid 
output occurred on the third day. This dog represents a case in which the 
einchophen caused a depression of cholic acid output eacii time it was given, 
more the second time it was given than the first. In addition, the cholic acid 
output was depressed without any apparent gastrointestinal symptoms. 
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Dogs OS Jiiul CIO are included to illustrate that similar doses of cinchophen 
have 110 effect on appetite and cholic acid synthesis in some dogs. 

Group If . — The animals in this group were fed every eight hours and re- 
ceived via the duodenal fistula after meals all the bile secreted dining the 
previous eight 110111 ?!. except 0.1 c.c. which was used for cholic acid determina- 
tion. After the animals had reached a relatively .steady .state, 0.333 Gm. of 
cinchophen was given witii each meal. The cinchophen excreted in the bile dur- 
ing eight houi-s after oral administration amounts to from 4.5 to 55 per cent of 
the oral dose. Consequently the liver of these dogs was exposed to about 1.5 
Gm. of cinchophen each day. Witli the exception of the return of bile and the 
entcrohepatic circulation of cinchophen, thc.se experiments were analogous to 
those in Group I. 

Dog C3 vomited the first day of cinchophen administration. After having 
received 1 Gm. of cinchophen, the medication was .stopped, and then the bile 
return was stopped to ascertain whether the basal control output of cholic acid 
ulthout the return of bile would be resumed. The data in Table II shows that 
although cinchophen caused vomiting, it had no definite effect on basal cholic 
acid sjTithcsis on tlie diet, since the postcinchophen output of cholic acid was 
normal. 

Table II 


A Dose of 0.333 On. or Cixciiophex Every Eight Horr..s \S'iTn Me-ius; the Bile Was 
Retit.ked Eit.ry Eight Hovrs .Icst After The Meals 


DOG 

d.\te 

BILE 

VOL. 

C.C. 

TOTAL 
CHOUC ACID 
(MG. PER 

8 HR.) 

P.EGIJIE 

03 

Control 

157 

1,434 

Xo bile returned, basal control 


8 

218 

5,002 

Bile returned t.i.d. 


9 

248 

4,927 

Bile returned t.i.d. 


10 

353 

6,332 

Bile returned t.i.d., + 0.333 cinclioplion; dog vomited once 


11 

9.94 

3,951 

Bile returned first eight hours onlv 


12 

2.51 

1,475 

Xo bile returned 

04 

19 


4 , .535 

Bile returned t.i.d. 


20 

246 

5,511 

Bile returned t.i.d. 


21 

212 

5,173 

Bile returned t.i.d. 


23 

268 

2,847 

Bile returned t.i.d., + 0.333 cinchophen; anorexia 


24 

363 

4,705 

Bile returned t.i.d., - 0.333 cinrdiophen ; anorexia 
(Other data omitted from Table. See text) 

02 


919 

5,856 

Bile returned t.i.d. 



223 

5,725 

Bile returned t.i.d. 



365 

7.895 

Bile 4 - 0.333 Gm. cinchophen t.i.d. 


■1 

340 

6,557 

Bile 4 - 0.333 Gm. cinchophen t.i.d. 
f Other data omitted from Table. See text) 


Dog C4 showed a significant (44 per cent) depression of cholic acid output 
during the first day of cinchophen administration. But on continued cinchophen 
administration, the output of cholic acid remained around 4.7 to 5.0 Gm. per 
day. The animal had a poor appetite but ingc.sted the daily ration throughout, 
even during the first day when the output of cholic acid was depre.ssed. 

Dog C2 is included to illustrate an animal that showed no effect from the 
same dose of cinchophen. 

Group III . — The animals in this test represent a group in which the bile was 
i-eturned to the intestine hourly. 1. The animals were placed on the diet with 
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a Dipal every twelve liours witlieiit llie return of hile ({'oluinii I, Table III) 
until they reaelied a relatively steady outinil of eliolie aeifl, 2. 'I’lie bile soereted 
the previous hour was returned fora ])eriod of forly-ei^ht hours, the eholie acid 
output for the forty-eitrht hours heinti determined by samplin': the hoiudy 
specimens (Column 2, 3’able 111). 3. Step 1, above, was re])eate<l. 4. Step 2 
was repeated exeei)t that O.b to 0 . 2 ~) Cm. of einehojdieu was t:ivoii with each 
meal for forty-ci!:ht hours. Slej) 1, alawe. was repealed. 

T.uii.r. Ill 

A Pose OK 0 .-~> oi: 0.5 (■;.\r. or ('i.\eii(ii-Mi:.\- AV.vs (Jivrs Twicr. D.Mi.v .\.sii liii.r U'-'s Hkti'I'-.skk 
lIorm.Y Koa FoinY-KaaiT lluras; no: Toiai, f’lioi.ic .Vem OrTcrr koi: .srvr.vrv-Tuv) 

lIoi-i!.s Is (i;vi:s 



TOTAL 

•Mf!. cnoi.ic 

Kill; 72 

!iori:.*4 


noG 

AVj:i:AGr: hk- 

KOIlK TKST — 

xo him: , 
(24 in:.) 

lOXTllOL 

Ti:sT WITH 
nii.i: j 

ciNiuornr.Ni 

TKST WITH j 

ini.r. 

An'Ki: ns- 

roiMirx — 

xo niLK 
(21 nn.) 

i:i:mai:ks 





i.tn.'! 

0..') (!m. cinrhoiilii'ii D.i.il. 


l,.jl7 

— ! 

a.joa i 

'.MO 

0.,"> dm. I'ini'Iinjilicn D.i.ii.: ting (lied 

PI 

l.!l.')0 

7.:’ If) 

4.S22 

2, .">00 

0.2.'> dm. ciiiflinidicii li.i.tl. 


1 f 

T.lMO 

1 


1.701 

0..'> dm. ciiiflioidicn Ij.i.d.; tliTCc 
later 

Pfi 


S,.")7T j 


1.2.'>2 i 

o..'> dm. riiielmplieii li.i.d. 



‘'',w7V j 


i>r»o 

0.2.7 dm. eim’Iin])lii>ii b.i.d.; two 
weidts later 



S,o77 


1,0(10 

0.7 dm, eineliniilicii P.i.d. ; fliree 
weeks later 

P7 

1 i.r.tiO 1 

Ci.liKt 

1 !'.22ti 1 

2.710 

0.7 dia. cinclioidien li.i.d. 


♦Those later te.st.s .are iiicUKled to .«h<)u- the ailTerent cholic .achl re.inon.se to Inter tIosc.« 
of clnchophcn. 


Under the precedin': plan the eitiehophen excreted in the bile wa.s .sub- 
jected to rc])eated cntcrohepatic eireulation. 3’hp dojzs receivin': 0..5 Oni. with 
each meal had their livers exjio.sed to jibimt 2 Cm. of eiiiclmjihcn daily and the 
dog which received 0.2.‘) Cm. with e;ieh me.-il hail its liver exiiosed to tibout 1 Cm. 
daily. Thus it M’as i>o.ssible to compare the effect of the cinchojihen on bile 
formation when bile was beiiug secreted at a va])id rate and the liver eximsed to 
cinchophen constantly and to olt.serve ;uiy after effects the ciuchophon might 
have on basal cholic acid synthesis. 

Dogs A3 and D7 were not affected by the cinchojdien and arc included to 
illustrate that some dogs .show no ill eflccl from this do.se and rope.-iled entcro- 
liepalic circulation of cinchophen. 

Dog B3, however, was markedly affeeteil. It )>eciime sick during the second 
day and ate no food after the first day. The experiment was continued during 
the second day to ascertain if reeoveiy would ensue. Cholic acid was com- 
pletely depre.ssed dui’ing the first twent.v-four hours after cinchophen was 
stopped; that is, after four doses during forty-eight hours. After that, the 
cholic acid synthesis returned to about 50 ])cr cent, of the control level, in the 
presence of complete anorexia, and the animal died after liaving received only 
2 Gm of cinchophen. This animal died of some condition apparentl.y caused 
by the cinchophen which was not significantly revealed by the mechanism re- 
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sponsible for eholie oeiil synlliosis. Autopsy revealed only a severe gastro- 
enteritis. 

Dog D-t .showed a 30 per eenl depre.s.sion of cholic acid output during the 
fiisit period of administration of O.o (tni. cinehophen daily with retimi of bile 
and no depression of cholic acid synthesis after the eo.s.sation of cinehophen and 
the return of bile. However, at a suhseciueut peinod twice the dose of cinehophen 
had no apparent effect on the dog. 

Dog D6 reacted like Dog D4 to the fii-st period of administration of 
cinehophen and manifested no significant disturbance of cholic acid output dur- 
ing two subsequent periods. tho)igh a slight depression oceniTed with the second 
dose of 1 Gm. daily. 

DI.SCU-SSIOX 


The variations in susceptibility of different animals to cinehophen has been 
observed by all who have used it for producing ‘‘peptic" nleei-s in dogs and for 
studying its toxicity. We have obsem'ed the same variation in susceptibility in 
our dogs with bile fistulas. 

"We have also noted that the susceptibility is usually definitely less on the 
second and later administrations of the drag. 

The SATiiptoms in our dogs with bile fistidas were chiefly gastrointe-stinal 
(anorexia, vomiting, and diarrhea). This coincides with the obseiwation made 
by Stalker, Bollman, and iMann.® Reid and Iaw,-* and othei’s,® who also obseiwed 
that on continuous daily administration for several weeks the gastrointestinal 
sjTnptoms freqitently subsided after the fii^st or second week, indicating an 
increase in alimentaiy tolerance. Death occurs eai-ly in those in which the 
gastrointestinal distvirbance does not subside. Clinically it has been recom- 
mended that administration of the drag shoiild cease if gastric distre.ss occurs.® 


The disturbance in cholic acid output obseiwed in the animals reported in 
this paper can be aecoimted for by a gastrointestinal irritation, except in one 
instance out of seven. Any disturbance of protein digestion and absoi-ption, 
since all the evidence indicates that cholic acid is synthesized from protein 
cleavage products, would decrease cholic acid production. Hepatitis of suffi- 
cient grade to cause a complete suppression of cholic acid srathesis oecuired in 
only one dog (B3) and then only for one day, the dog succumbing to a severe 
gastroenteritis. It is possible, however, for cinehophen to disturb materially 
some important function of the liver Avliich is not reflected by the rate of cholic- 
acid SATithesis. But, it is noteworthy that the rate of secretion of cholic acid 
was not materially affected, as shomi by the dogs in Table III, when the liver 
is seeretmg bile salts at a level close to its maximum capacity. 


AYe were disappointed in not obseiwing a more definite and unequivocal 
hepatic injurj- as indicated by a reduction in cholic acid output in the sus- 
ceptible dogs. The failure to obtain such evidence of hepatic injuiw. however, 
is consonant with the failure to find evidence of microscopic damage of the 
liver of dogs except when very large doses of cinclmphen are given. Xo one 
has obtained any eridence of liver damage in the dog or any other animal unless 
more tlian 100 mg. per kilogram body rveight of cinehophen has been admin- 
isfered.’- • Even then the gastroenteritis is so pronounced that one could 
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av<iuo that tin,' liopatic (lamafjjc is s<r<m<Jary lo tlu* (jrastroanU'ritis. Tlie only 
c‘x<’c|)ti()n to tile foivuoiiii^ iiiloi-in'clalion was Doii (7 fTablo 1), in wliicli cholic 
acid synllicsis was depressed definitely during two of three periods of cinchoplicn 
administration in the ahscnce of •;astroint«'stinal symptoms. Since diarrliea 
and vomitiiiir did not occur in tins animal, it appeal^' as if the einchophen was 
responsible for the dci>ression of eliolie acid synthesis. It is worthy of note 
that in this animal the Idle was not lieinir returned to the intestine. 


StrM.MAUV 

Seven do'rs with idle fistulas with a duodenal fistula for the return of Idle 
to the intestine, which were esjvecially susceptible to the 'rastivdntestinal irrita- 
tion of cinchoi»hen, were iriven doses of the dru;; (approximately 100 mj;. per 
kilofrram of body weight ) etpial to or twice the avora're linmati dose. Only 
seven of si.xtecn dojis with bile fistulas maidfeslcd the .symptoms of anorexia, 
vomitin'i. or diarrhea under the conditions of our experiment. The ontimt of 
cholic acid was studied under three conditions; ( ] ) when the dm*: mijihf affect 
cholic acid .synthesis from a standard diet alone; (2) when the dru'i mijilit 
affect both cholic acid synthesis and bile .salt se<M-etion as a I’esult of the druii 
and bile .salt excrete<l in the bile beitijr subjected to three (mtei'ohepatic eii’cuits 
daily; and (3) wlam the liver was continuou.sly <‘xposed to the einchophen 
excreted in the bile by the hourly return of the bile. It was found that any 
ehanffcs in cholic acid synthesis and .secretion <ihserved in the.se susceptible dojrs 
could be accounted for by the jiastrointestinal ii-ritation caused by the drufi with 
but one exeeiition. On rei>eated exposure of the do<rs to the drujr the paslro- 
inte.stina! ti'act heeame mor(‘ tol<'ranl, and cholic acid .synthesis and .secretion 
were not disturbed. 

The obseiwations on the effect of einchophen on cholic aeid .synthe.sis and 
secretion are comsonant with the failure of others to fhid evidence of micro.seopic 
in, jury of the liver when similar doses of the drup: were administered to dojrs.^ 
However, the one exception referred to shows that the dru'i ma.v oceasionall.v 
act on the liver to decrease cholic acid .synthesis in the ab.sence of objective 
symptoms of •rastrointestinal irritation. 
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RELATION BETWEEN AilOUNTS OF PERTUSSIS ANTIGEN 
INJECTED AND PRODUCTION OF AGGLUTININS 


JoHX A. Toomey, JI.D., William S. Takacs, B.S., Roy Ai'erill, M.D., 
AND Norman Lfayls, il.D., Cleyeiland. Ohio 


I 


T he fre.shly i.solated di.sca.se-produeing Hemophilus pertussis organisms 
called by us pha.so A’- - and phase I by Leslie and Gardner^ are used in 
acth'e immunization in man. Although pha.se B organisms, tenned by us the 
"nondisease-produeing'' stage (the “resting stage,'’ the “fixed” bacilli, and 
phase IV by Lc.slie and Gardner), descend from the phase A types, they are 
said to be tvorthle.ss as immunization agents. Guinea pigs can be protected 
against lethal doses of phase B organisans by the previous in.ieetion of phase B 
A'aecine, but no protection is established again.st phase A organisms by actively 
immunizing these animals ^vith phase A vaccines. Doses of the standardized 
phase B antigen (4 mg. of ivet weighed oi-ganisms to 1 c.c.) used in pi-evious 
experiments failed to produce any agglutinins against phase A bacilli. 

The relative size of organisms in the two phase conditions is significant, 
the phase B type being 50 or even more times the size of phase A. One milli- 
gram of wet M-eighed phase A organisms contains definitely more bacteria than 
an equal amount of wet xveighed phase B bacilli. 

Years ago, Huenekens'' stated that pertussis vaccines (phase B .state) .should 
be given in massive doses to secure re.sults. Sauer= has recommended even laraer 
doses of fre.shly i.solated H. pertussis organisms (phase A .state) for active 
immunization. 


The size of the organism may conceivably be related to the abilitv to im- 
munize and produce antibodies. Were the latter true, perhaps increased "amounts 
of phase B organisms used as the stimulating antigen and injected into rabbits 
would produce a higher agglutinin titer in their blood serums against homologous 
and heterologous organisms than would smaller amounts. 
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THE .TOUnNAI, OE EAnOltATOHY AND fl-I.VICAE MEDICINE 


Methods ond Motvnids. — Xd. 77S sldck pli.'isc P> slniiii ('iiltnic ( Anicnciiii 
Typo CuHiiro (’ollocti<iii I was <ri't>wu in veal Iiraiii liipiid mcdinni.''' T!\o viscid, 
sticky mass ])r()dii<'od hy the ormniisins- was ('onlrirn<rod <1owm as imicli as 
possible, llio sipa'rnato discarded, and the eentrirniralo dried and powdered in 
a lyojdiilo ai>para1us. ,Sonie of llie toxin previously described was nearly always 
pre.scnt in this siieeimen.''" Twenty niilliiLM-anis of the pow<ier Avere added to each 
1 c.o. of normal saline. Part of this 20 nnjr, suspension was diinied to make a 
•standardized .sns])ension of 4 m*;. in 1 e.e. of normal .saline. Kiirlit rabbits were 
injected, four with the dos(' standardizetl at 4 tin;, and four at 20 ni". The 
injections were friven intravcmously the .same day and in the .same amounts as 
previously described.' 

The animals were bled ten days after the last injection of antifren. The 
blood was jiut in the refrijjeralor ovenii;;ht, and the next day the blood serum 
Avas .separated off by cent rifu^.-it ion. A;r;r!ntination tests Avere then done Avith 
tAvelvc strains of //. podrtssis (pba.se It .stntel that had become acclimated to 
A'cal lirain a;;ar. The tyiie of air;rbitinin respon.se has been dc.scribed previously.' 

There Avas an obvious increa.se in aj^clntinin tiler in tin* blood .scrums of 
the four animals that received the larp:er do.ses of jibase B orpranisms in toxin. 
The titer of agglutinins pre.sent in the.se latter animals Avas not tested to its 
end point in all instances, although Avilb the smaller dosages an end zone Avns 
obtained. 

The pha.se B antigen-antibody serum agglutinated Walker .strain 4 plu.s 
at ] :640 and had no reaction at 3 :1280. Tiic exact end point betAveen 1 ;G40 and 
1:3280 AA'as not determined, but it Avas not pertinent since our objectiA’c Ava.s 
simply to determine if larger amounts of the same antigen, in tliLs instance 
pha.se 13 organisms, in a small amount of toxin Avould cause an increa.se in 
agglutinin titei-. The blood .scrum agglutinin titers of strains Walker, No.s. 13 
and 1,5, Avere at least twice as high as that obtained Avith the le.sscr amount of 
antigen; those of Betty, Brescan. Xos. 5, S, 12, 28, and 778, Avere at least four 
limes as high; that of Xo. 23, at least eight times as high; and that of No. 0. 
sixteen times as high. 

The results aa'cvc cleai'-cut, and it could be concluded that Avhen Aa’c 
times the A'olume of II. pcriitssis phase B organisms “’in toxin” Avas used as an 
antigen, a relatively liigher liter of agglutinating antibodies Avas produced than 
AAUth one-fifth the volume of pha.se B organisms “in toxin.” 

The phase B sei-ums aa-ci'c also tried Avith idiase A oi-ganisms. The rabbit 
serums obtained by injecting 4 mg. of the antigen aa-ci'c consistently found 
AA-anting in agglutinin tiler, as AA-as found in a jArevious exiAcriment AA'here 
similar standardized doses of organisms Averc used as the antigen. The rabbit 
serum obtained by injecting 20 mg. of antigen shoAved suggestive {)lus-niinus 
agglutination reactions in the 1:40 titer. 

This might suggest the pre.scncc of specific agglutinins. HoAVCver, al- 
though the phase A organisms used had all the cpialitics and eharact eristics 
of a phase A bacillus and had been carried on human blood potato agar, 
definite conclusions could not be reached, since all but one of these phase A 
organisms had been isolated several months before the experiment Avas done 
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and .some of Ihcir ])lin.sc A finality mitrht have been converted into phase B 
quality, thus chanqinq their reactin" ability to specific scrum. Especially \va.s 
thi.s .suggestive since the one ])hase A organism isolated hut twenty-six days 
prior to the exi)crimcnt was not agglutinated in any dilution by pha.se B, 4 mg. 
or 20 mg. scrums. Althougli phase B 20 mg. sci'ums had been found to passess 
higher agglutinin titere than did ])ha.se B 4 mg. scrums, it was still not known 
whether more antigen could produce a higher titer in the absence of what might 
be an enhancing “toxin.” 

This experiment with the dried antigen and toxin was repeated; the serums 
obtained were agglutinated against eight freshly isolated organisms that had 
been carried in their phase A state and the same organisms which bad been 
acclimated to and grown on veal brain agar to a phase B state. The re.sults 
were similar. 

II 

In the previous experiment, })ha.se B organism antigen contained a “toxin” 
not present in the ordinary commercial vaccines. It was decided in so far as 
possible to work with pure organism antigems. 

A relatively small amount of standardized pha.se A and B organisms had 
been used to in,ieet the rabbit to produce agglutinins in the blood serams. 

If the agglutinin titer of the seriun were dependent upon the number of 
organisms in.iected, and if this number were increased more than in the last 
experiment and the “toxin” factor excluded, with the exception of that con- 
tained in the water of condensation, it might be that there would not only be an 
increa.se in blood scrum agglutinin titer against the homologous phase B, but 
also against the heterologous phase A organisms. 

Methods and M<dcrkils . — In the previous experiments, the organisms were 
grown in liquid media and “toxin” was produced. In this experiment, No. 
778 IT. perUissis stock phase B strain w'as grown on solid media brain veal agar 
for two days and ma.ss production of “toxin” avoided. The growth was scraped 
off, wet weighed, and standardized at 4 mg. per cubic centimeter, 20 mg. per 
cubic centimeter, and 45 mg. per cubic centimeter. Two-tenths per cent fonnalin 
was added to the various .standardized organism suspensions. The latter were 
shaken every day and kept in the refrigerator for seven days. Several rabbits 
weighing between 1 and li/o pounds were bled and their seimms tested for the 
pre.sence of normal agglutinins, since occasionally agglutinins against H. per- 
tussis are found in normal rabbits. When six animals had been obtained, the 
blood serums of which lacked normal agglutinins against either pha.se A or B 
organisms, two each were injected intravenously every four days with a dif- 
ferent one of the three standardized suspensions, the dosages being 0.2 c.c. 
0.5 c.c., 0.8 c.c., 1.2 c.c., 1.5 c.c., 1,8 c.c., 2.0 c.c., and 2.3 c.c. The rabbits were 
bled ten days after the last injection. The blood was left in the refrigerator 
overnight to allow clotting and was centrifuged the next morning until the 
senim was clear; it was then inactivated one hour at 50° and merthiolate 
prc.scn-ativc was added. Agglutination tests were done airainst homoloaous 
pha.se B and heterologous phase A organisms. There were three bleedings' on 
the thirty-second, forty-sixtli, and sixtieth days after the last injection^ ’ 



S3S 


TIIK JOUKN.M, OF l.AItOItATOin' AND I’lANIC.VD MFDK’JNC 


It Avas easy to iiijecl rabbits itit ravenously with -t nii;. per eubie. eeiitinioler 
and 20 ing. per eubie eeiUimeter of a standardizeil siisin-iision of or'ranisms. 
but difficulties were eiieoimlered willi the -iri luti. per eiiliie eentiinoter dose. 
One of the rabbits (Xo. 14!)) iiijeefed witli the latter aiiiounf died after the 
second do.se of the anti^wn. One of (lie two animals substituted died after llie 
first injection. Several other noi-mal rabbits laekiiii: aui'lutiiiins atrainsf pha.s(! 
A or j)hase 15 //. pirtnssis orpajiisnis w<*re piven the 45 nnr. per eubie eeiitinieter 
do.se. so that even thou<rh the mortality rate mi"hl be hiydi durinu: the ])roee.ss 
of immunization, enou'rh animals would remain alive at the end of the ju’oeedure 
to finish the e.xperiment. Three of eiuht animals injected with the 45 m<r. per 
cubic centimeter dose died diii'inp: the eour.s(' of injeelions. 

ApKlutination tests were set. up ajiainsl (1) twelve; phase A ortianisms 
isolated and jrrown on human blood near witiun a few months bel'oi’c the e.Kperi- 
ment was started and (2) six phase H or<rani.sms isolated several yeai^< prior 
and carried on veal brain atrar. The fiist bloedintr was dom; thirty-two days 
after the last antifreii injection airainst many pha.se A ort'anisms. Tliere was an 
increa.se in atitjiutinins in the blood serums of three rabbits {Xos. lOO. 120. and 
147) injected with 45 m}?. iiei* eubie eentinn-ter, and atrainst a few [dia.se A 
organisms in the .scrums of two others (Xos. 21 and ISO). Tiiis ability to 
agglutinate had jji'aetieally di.sapi)earod in the si»eeiniens of the second and 
third bleedings obtained forty-six and sixty-six days later. Tims, agglutinins 
against .some idia.se A organisms can be pnidueed by phase B bacilli, although 
to a titer of only 1:80. The.se agglutinins tend to disaiijicar within a month 
or so after tlio last antigen injection. 

These rabbits injected witli 4 mg. per eubie centimeter or 45 mg. jier cubic 
centimeter oi ])ha.se B antigen .showed good titer res[»onses against their homol- 
ogous phase B organisms in tlie fii-st blood .serums obtained. There might have 
been a slight increa.se in titer value with tiie 45 mg. jier cubic eenlimctcr 
antigen, but it was not too definite. There was an ineroa.se in the agglutinin 
titers against jiha.se B organisms in the siieeimens of the second bleeding, which 
was about equal in all serums regardle.ss of the amount of antigen stimulus, 
whether 4 mg. per cubic eentimeter or 45 mg. jier eubie centimeter. The ag- 
glutinin titers in the specimens of the third bleeding had decreased to approx- 
imately tho.se of the first blood serums and were about tlie .same no matter M'hat 
the stimulus. 

It could be concluded that lliere was an inerea.se in agglutinins against phase 
A organi.sm.s found in tlie first blood .serums of the animals injected with 45 
mg. per cubic centimeter of phase B, a tiler lost only .sixteen days later: and 
there was a good and almost equal re.spon.se to all phase B organisms, irre- 
spective of the stimulating pha.se B antigen and the time of bleeding, the highe.st 
titer being foimd in the blood specimen withdrawn forty-six days after injec- 
tion. This conclusion differs from that of Exiierimcnt I, but the previous 
results could be easily explained because of the differences in the .stimulating 
antigen, since only organisms were used in this experiment, and in the former 
work the organisms were contained in toxin, which iiossibly enhanced their 
antigen effect. 
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III 

Stimvilation wUli move aiitigcJi made from phase B organisms did not seem 
to increase, the titer production against piiasc B organisms. However, there 
did seem to ho a slight increase against the heterologous phase A organisms, .so 
that it was thought that the surviving animals of Experiment II should he 
stimulated further. 

All five animals of Experiment II that had suiwived the dose of 45 mg. 
per cubic centimeter of the phase B antigen were in.iccted weekly for ten 
weel\s with 2 c.c. of phase B ovgani.sms standardized at 45 mg. per cubic centi- 
meter. Tliere was an eleven-day inteiwal between the firet injection in this 
series and the final bleeding of the la.st .serie.s. Two of the five animals died; 
each of the remaining three were bled three times — twelve, twenty-three, and 
forty-four days after the last injection. 

Agglutination tests were done with the nine blood serums of the three 
animals against five phase A organisms (Nos. 1, 2. 6, 7, and 8) isolated several 
months preriously, five phase A organisms (Nos. 3, 4, 5, 9, and 10) isolated 
■vnthin the previous month, and three phase B organi.sms. The titers of the 
blood serum against phase B organisms wei'c as usual, while against some 
heterologous phase A organisms, they were at least 1:80. 

In a collateral experiment, agglutination tests were done against three 
phase B organisms and ten organisms which had been canned on human blood 
agar for several years, organisms which were beginning to show some phase B 
qualities. The latter, though carried on blood agar, were agglutinated by 
rabbit blood serums, in most instances to a titer of at lea.st 1 -.320, thus demon- 
strating some approach to a phase B state. 

W 

It was difficult to secure enough fre.shly isolated organisms to sfart a 
simultaneous experiment with many organi.sms where all the experimental 
factors would he the same. Some organisms grow faster than othere and, as 
in the last experiment, a month or more might elapse before an experiment can 
be started. IMeanwhile, the organisms, although grown on blood, might be 
PTOgre.ssing to a phase B state so that the titer obtained by phase B organism 
antibody serum might represent a reaction against some B-ne.ss which was 
beginning to appear with age in the phase A organisms. To settle this point, 
another set of expeinments were done. This time organisms were isolated, 
grorni a few times on human blood agar, frozen in a lyophile apparatus, and 
set aside until at least five strains had been collected. By this method, the 
phase A eharaeteinstics were neither altered nor lost, and the organi.sms remained 
in their originally isolated state. The method of procedure was the same as in 
Experiment III. 

Here again it was demonstrated that the homolo.gous phase B oraani.sms 
can produce some agglutinins against the heterologous pha.se A bacilli. These 
reactions are noted in Chart 1. Of the three rabbits used, the agglutinin titers 
of the blood serums of Nos. 147 and 190 were the highest after the fiixt bleedin"- 
and those of rabbit No. 21 might have been considered the s<ime or slightly higher 
after the second bleeding. No animal had much of an increase In pha.se \ 
agglutinins after the third bleeding. 
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We still use the terms jilmse A .•m«l plmse IJ inicl not i)}i;ises I, 11, III, and 
IV as do Leslie and Gai'diiei’.^ This is not. in afrreeinont with Dozois, Flosdorf, 
and Kimhall.' Tlic latter, in their \vo?‘k', constnieted certain artificial hoimda- 
rics and attempted to demonstrate throe j)hases of existeneo. Yet at the same 
time tlicy presented data eoneernin'r certain strains in various of theii’ phases, 
which, because they did not fall within the limits of their plnisc houndaries, 
were deserihed as “unre])rcsentalive” and atypical” — and tliis despite the fact 
that these very excejUions jiointcd to the existence of an inij)ereej)lihly "raded 
transitioji hetwocn two exti’eines of statistical nnixima and minima; namely, 



Cliart 1. — IllustraUng results of Experiment IV. 


phases A and B (phase A, disease-producing stage; phase B, resting or non- 
disease-producing stage). Indeed, the 3 ^ explained away their “unrepresenta- 
tive’’ strains hy concluding that the phase relationships of II. pertussis are 
“more complex than was found hy Leslie and Gardner,” a conclusion witli 
which we fullj^ agree. In fact, the relationships are so complex that it would 
seem impractical to consider anj^ other phases than the two previous^' men- 
tioned. 



TOOMKV ICT AI.. : rKRTUPSIS AXTIGKN* AXn AGOLUTININS 


841 


IMosdorf iinrl nssoci.'itcs leJivc nnox})liiinofl other data at vaiaaiiee witii their • 
theories, chiefly eoiieerniu!; the relationships helwoeii the f;i‘os.s-a']'frlutinalion 
and cross-ahsorption eharaderisties of Iheii- ])hases I and ITT. They dismiss 
the fact “that the whole phase T organisms absorb phase TIT agglutinins” as 
“iri’elcvant, (jiiantitatively, hceause other factoi's may ho eoneci’ned in such 
reactions with jiarlieulate matter,” a statement, which if true, should indicate 
that any agglutination or absorption test is subject to the same eiTors and is 
of proportionate relevance. 

Plosdorf and associates did not agree with the premises on which we dis- 
puted Leslie and Gardner’s assumptions as to phase existence. It has been 
shown, however, that //. perfussis organisms, if gi’own long enough on artificial 
media, with or without blood, gradually change their characteristics and in 
time reach a state in which all subeultured organisms, no matter what their 
original characlei'istics, acquire the ability to produce about the same degree 
of agglutinin titer in the blood .serums of rabbits, have the same virulence, and 
appear morphologically the same as other phase B organisms caiwied on hemo- 
globin-free media. At the other extreme are the organisms freshly isolated 
from the human being ill with the disease, organisms which at the moment of 
isolation approach more or le.ss the ideal opposite of the fixed .stage. However, 
n. pertiissis organisms seldom, if ever, attain either ideal extreme, for it has 
been shown here that by sufficiently intense programs of immunization it is 
actually possible to obtain cross-agglutinations between phases A and B. 
Would it not be theoreticallj’ possible to isolate anj' organism anjnvhere in its 
transition toward the resting stage at a time when it is losing some of the 
characteristics of phase I and acquiring .some of the characteristics of phase 
IV and to immobolize it in this stage of its existence by a process of freezing 
and diying? This should not be impossible, since these authors themselves have 
demonstrated the existence of certainly more than four stages (phase varia- 
tions). 

It is our belief that the so-called pha.se II and phase III are only a few 
of the many possible “immobilizations of a phase” which might appear in the 
transition of organisms toward the resting or phase B .state. The only two 
phases of which we ourselves are confident are (1) phase A, the disease- 
pi’oducing stage which in it.s freshly isolated state may have already .started 
somewhat on it.s way toward the resting state and (2) pha.se B, the resting 
state. 

Inferentially it could he said that if agglutinin production were a sina qua 
non of a good immunizing antigen, pha.se B organisms should be considered 
deficient a.s vaceine.s for human use. 

SUMAtARV 

1. Rabbits given ten doses of pha.se B //. pertussis organisms standardized 
in toxin at 20 mg. per cubic centimeter have a higher agglutinin titer a<^ain.sf 
phase B organisms than do the blood scnims of those given the .same number 
of doses of 4 mg. per cubic centimeter. Both antigens produced onlv a neghVi 

dc titer of agglutinins against phase A organisms, the type which initiates 
the disease in man. 
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2. Four luillitrrams, 2(l ur^o, aiul -ir» m;j:. <0' jihasc 1' ori'anhus for trn iujrc- 
tioii.s will proiUiro nearly coiniiarahic ajiuluf iiiiti (ifrrs in rahinfs ayminst phase 
B organisms aiul some ilemunstrahle init not marked amilntinins against 
hcterolop:ous pliase A baeiUi. 

3, AVlien rablnis are injeet<‘d weekly (iver a loii” pm-iod ^vith massive 
ainoimis of phase B oi'fjraiiisms as tlie .'mlie(-n, there is no inerease in liter 
against the pliase B organisms, Init in some instaiiees lh(*re may he an inerease 
in the agglutinin titer against phase A liaeilli — as higli as IBhO. 
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AN EXPERIMENTAL STUDY OF PHLEBITIS FOLI.OWINO 
VENOULYSIS WITH OLUtTYSE AND A.MINO A Oil) 
SOLItTlONS 


Abraham IIorvitz, M.D., L. A. Sacuau, :M.D., axi> Romarr Ei..m.\x, M.D., 

•St. Loins, 3Io. 


A LTHOUti'II in.iury to veins during ini ravenous in.ieelions is of frequent 
clinical oecui'renee, oiten prodiieing tliroinbosis siiffieient to proelndo I'tu’- 
tlier use of tlie vessel, there have been few experimental .studies of the various 
factors Avhich influence its degree and severity, Prcsumalily these influencing 
factors are numerous, some of whicli are as follows: The character of the solu- 
tion (its chemical properties, its jrll, and its osmotic pressure), the size of the 
vein inieeted, the rate and diu'ation of in.ieetion, tlio trauma produced in intro- 
ducing the needle, the trauma produced by tlie needle while resting in the 
vein, stasis resulting from the jiartial occlusion of the vein by the needle, and 
the previous state of health of tlie vein. 

The present study was undertaken primarily to determine whether the 
presence of amino acids, especially in solutions of glucose, influences the degree 
of injury produced by intravenous injections as compared with simple solu- 

From the Department of Surgery, Washington University School oC Aredlclno and Barnes 
Hospital. St. Louks. 
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tions of glucose. As f<u’ jus })os.siblo, Jill tjiclors otliei' tiian the chmactei of the 
solution ^vere kepi eonsljiiit. 

JIKTHOD 

Dons woigliiuET ji]>iu'oxiniiitcly 10 kilogviinis weve the ex^ieriiucntal animals. 
The injections were carried out under nembutal anc.sthesia. Two pairs of veins 
were used: i.c., the large vein on the doi’sum of both forelegs, known as the 
antebrachial cepiialic, and the somewhat .smaller, saphenous vein coiusing along 
the inner aspect of both hind legs. The solution to be tested was administered 
on one .side, the control solution simidtancously on the other side. Twenty-four 
horn's later the two remaining veins were similarly injected. After a second 
twenty-fovu'-hour period the dog was killed and the veins I’emoved for section 
and study. Thus in most experiments each dog fumished two sets of veins, one 
showing changes twenty-four hours and one forty-eight hours after injection. 
The amount and rate of fluid injected were determined by the weight of the 
dog. Six cubic centimeters per kilogi-am per hour were accepted as fairly 
clo.scly approximating the amounts used clinically. Because a three-hour iu,jec- 
tion usually produced definite changes with the fir-st solutions used, this period 
was adopted. Twenty-gauge needles were used in all experiments, except in a 
few, which will be referred to below, when a twenty-five-gauge needle was used. 
The solutions were introduced at i-oom temperature. The position of the point 
of the needle in the vein was marked by a silk suture placed in the skin just 
above it so that microscopic comparison could be made at the same distance 
from the point of injection. In early expei'iments sections were made longi- 
tudinally through the middle of the vein. In later experiments, cross-sections 
were taken two to three millimeters apart for use. The sections were stained 
with hematoxylin and eosin. In the study of many sections it was found that 
any injurj- obseiwed was always greatest near the point ivhei-e the end of the 
needle had rested. Thus, a section of vein taken about 1 cm. to either side of the 
needle point wa.s used for the comparison. 

Evaluation of Changes in the Veins . — ^In recording the changes in the veins, 
all observations were divided into those noted in the intima, those in the media, 
those in the adventitia, and also those within the lumen of the vessel. One of 
the earliest intimal changes obseiwed in these sections was a vaciiolation of the 
endothelial cells. This change might be oliseiwed in the absence of any other 
changes in the ve-ssel wall. 'With further injuiy there occurred progre.ssive 
cellular changes with ultimate death of the colls and destruction of the endo- 
thelial lining. Often, though not always, the denuded intima fumished a locus 
for the deposition of fibrin, and varying degrees of thrombus fomation were 
observed. In the media the observed changes ranged from slight pyknosis of 
some of the nuclei to complete necrosis of the masciilar wall. To establish a 
basis for comparing and evaluating the changes, they were classified as follows ■ 
(1) changes within the lumen, i.c., thrombo.sis: (2) changes in the intima. ie 
(a) endothelial vacuolation. (b) endothelial destruction; (.3) changes in (he 
media, i.c., (a) edema, (b) lencoeytic infiltration, (e) hemorrhage. (dVnecrotie 
changes; and (4) changes in the adventitia, i.e., (a) edema, fb; leucocvtic in 
filtration, (c) hemorrhage. This cla.ssification is similar to thou-di le.ss detailed 
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tlian tliat used by Oclisncr and Garside' and by Ocbsncr and ?»Iahorncr- in tbeir 
cxpcriinonls on tbo cfl’ccls of various sclcrasin" solutions used in the tveatnieut 
of varicose veins. Each of the foro"oin<i chaufres was recorded according to its 
sevoi'ity. The absence of any change was rated as zero. Slight or early changes 
were I’ated as one, moderate changes as two, and advanced changes as three. 
By adding the ratings for each vein the final estimate or score of the severity 
of the phlebitis took the form of a total Avhich was a rough numerical estimate 
of the degree of injuiy inflicted by the solution. While this t^-pe of scoring 
was based on the sub.icctive evaluation of the degree of change seen, the ob- 
servations wei’C objective in so far as they were made with no knowledge as to 
which solution had been in.iected into the vein. When a number of the sections 
were rated separately by a second observer, the total scores obtained agreed 
rather well. A tj-pical example of the method of scoring used is shown in 
Table I. 

The amino acid solution tested in ali experiments was made from an 
enzymatic hydrolysate of casein (Amigen®). The pH of this pi-oduct in solu- 
tion is approximately 4.5; when a more alkaline solution was tried, sodium 
hydroxide was added until the desired pH was reached. A 2.7 to 3.0 per cent 
concentration of the product in solution has been foimd to be isotonic with the 
blood; this is slightly greater than glucose. In comparing two solutions, each 
was isotonic. 

FrXDIXGS 

Eleven dogs were obtained for study, of wliich se%'en yielded four veins 
each, four but two veins eaeli. In all, eighteen pairs of veins were observed. A 
summary of the scores is listed in Table II. The results are also described in 
detail as follows : 

1. A 21/2 per cent amigen solution in 10 per cent glucose was one of the 
first solutions tested against a control of 13 per cent glucose which has an osmotic 
pressure approximately equal to that of the amigen solution, as measured by its 
freezing point. In aU three experiments (1, la, 2) no significant difference was 
found between the injury produced by the tested and the control solutions, 
although definite injurj' was produced in eacli ease. The tendency to thrombus 
formation was frequent. When the injection of both test and control solutions 
was repeated twice in the same veins, thrombus fonnation and damage to the 
entire vein was marked. In all experiments injury produced by the same solu- 
tions was greater in the veins of the hind legs than in those of the forelegs. This 
was probably due to stasis because of the smaller caliber of the former; this 
factor is discussed below. 

2. A solution containing 5 per cent amigen and 5 per cent glucose was 
tested against an 11.4 per cent glucose solution, the latter having an osmotic 
pressure equal to the former (Experiments 3 and 3a). In the forelegs the 
•njuiy produced by the amino acid solution was greater than that caused bv the 
glucose. In the veins of the hindlegs the damage produced by both solutions 
was severe, thrombosis being present in each case, and there was no siouifimrit 
difference between the two. 


•Prepared by Head Johnson & Co. 
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3. A solution oontainin<i 5 jier cent ainiiion and a jior oonl iilucosc was 
tested against an isotonic antigen solution (8.8 jtcr cent) and llie seore was oven, 
i.e., in one experiment (Exitcrinient 4) the former solution jtroduced less dam- 
age, whereas in the other exiierimcnt (Experiment 4a) it jtrodueed more. 

4. A 1.7 per cent amino acid .solution, isotonic witli a 10 i>er cent glucose 
solution, was tested against the latter (Experiments a, G. Ga). Thromlms for- 
mation was ]tresent in eaeli ease and the damage <lone to the vein wall was e.ssen- 
tially the same lor the two solutions in Exjterimenls G and Ga, whereas in 
Experiment 5 the score for the amigen solution was eighteen against four for 
the glucose. 

5. The significance of the pH of the amino acid solutions as a factor was 
also tested (Experiments 7, 7a, 8, and 9). In all experiments a 7,5 per cent 
solution neutralized to a pH of 7,4 produced less damage than the one left at 
pH 4,6; the diffei-ence was striking in three of the four experiments, 

6. Early in these experiments, as noted above, it seemed trauma and .stasis 
played an important part in the production of thrombosis. A .small gauge 
needle. No. 25, Avas therefore tested against the larger standard 20-gaugc needle. 
The same solution was, of course, injected through each needle at the same rate. 
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In one set of experiinenls (Experiments 10 and 10a) 214 per cent amino acid 
in 10 per cent jilneose was used. Here itijury was "renter in the veins injected 
with the larirer (No. 20) G:a\i"e needle, this eausinp: thrombus formation, whereas 
none was produced by the smaller (No. 25) needle. In the second pair of 
experiments (Ex]ioriments 11 and 11a) a 13 per cent glucose solution was used. 
No significant difference was found between the two needles. The different 
results obtained in these two sets of experiments may be due to a difference in 
the caliber of the veins of the dogs used. 

COMMEKT 

Careful perusal of the scores listed in Tables II and III indicated the 
greater damage inflicted by the more hypertonic solutions, eonfinning many 
clinical obsciwations. On the other hand, solutions containing 10 per cent 
glucose or less or its equivalent tend to produce less phlebitis. The presence 
of amino acids seems to have but slight effect on the amount of damage pro- 
duced, although it is clear that the pH is an important factor. This probably 
explains the difference noted in Experiment 5, the only one in w'hieh there was 
a definitely increased phlebitis with amigen alone as compared with glucose 
alone. This effect is clearly demonstrated in Experiments 7, 7a, 8 and 9, in 
which the neutralized amigen provoked much less phlebitis than the imneutral- 
ized solution in all four sets of veins. 


T.\Bt.E III 

ScjiCM.vp.Y OF Scores Att.uxed with Differext Xeedles 


experijiext 

VEIN 

NEEDLE 

HOVRS 

SCOPvE 

SOLTOON 

10 

R. F. 

2.5 

48 

1 3 

2V>% Atoigea 


L. F. 

20 

48 

6 

10% Glucose 

lOa 

R. H. 

|||||||_^||||||||| 

24 

17 

2V>%' Amigen 


L . H. 


24 

4 

10% Glucose 

11 

R. F. 


24 

1.8 

13% Glucose 


L. F. 


24 

17 


11a 

R. H. 


48 

26 

13% Glucose 


L. H. 

1 25 1 

48 

24 



The role of stasis and obstniction deseiwes some comment as already indi- 
cated. While a smaller needle should allow blood to flow around it, thus pre- 
venting stasis, this depends on the relative caliber of the lumen as compared 
with the gauge of the needle. It was our definite impi-ession that this accounted 
for valuations between the hind- and forelegs, although the ob.ieetive evidence 
herein adduced does not permit such a conclusion. The considerations are of 
practical importance and deseiwe further study. 

coxcnusioxs 

1. A method of scoring is proposed to measure the degree of phlebitis pro- 
duced by intravenous injections. 

2. Phlebitis is pronounced following a three-hour intravenous injection of 
a 21/, per cent amino acid-10 per cent glucose solution, due not to the presence 
of the amino acids hut to the hr-pertonicity of the solution, inasmueli as the 
same changes are produced by isotonic (13 per cent) glucose .solutions Less 
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in'onuuncod cliini^cs occur wini more livpotonic solutions couljiiuiu'J: citlicr 
nminn iicids or j'lucosc or botlu 

3. Acid KoUitions tend to produce more ]»ldebitis lluui uetilral solutions as 
shown hy comparinjj: the danuu'e ])rodueed hy a T.o ])cr cent solution of ami"('n 
at a pIT of 4.G with the same solution noulralizod to jdl 7.4. 

4. The .size of the needle used probably ]>lays an important i)art in thrombus 
formation, althou'rTh this factor is undoubtedly associated with the relative 
caliber of the veins. 
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ERYTlll^OCYTK EONdEVlTY IN DOllS ANH RABBITS® 


•loiiN Kmuusox D.vvis. M.S.. Pn.l). 
Tuttuf, Rock, Auk, 


N UJIBROUS estimates Imve been made of the life duriition of red blood cor- 
puscles in various species. Ashby,’ on the basis of iiirfrlutination experi- 
ments, has placed the life span of human transfused erythrocytes at thirty days 
or more. Eaton and I)<imren-> have studied the reticulocyte percentafte peaks 
in rabbit blood followin'! hemorrha<>:e and have concluded that the life siinn of 
red cells in this sitceies is ;d)oul 8.5 days. Escobar find Baldwin^ exposed ani- 
mals to reduced atmospheric ])vcssures to increase the number of red cells and 
then observed the time rcfiuired for their retfirii to nornuil at atmosplicric pres- 
sure. This ifcriod of time was considered by the authors to represent the life 
duration of erythrocytes in the circulation. They thus obtained values of 
twelve to eighteen days in rats, sixteen to twenty-three days in dogs, and eighteen 
to thirty day.s in man. Hawkifis and Whi))plc,'' from a study of bile pigment 
output in dogs with biliary fistulas foIIoAving hemorrhage or acetylphenylhydra- 
zine, have reported that the life span of erythrocytes in this species is about 124 
days. 

The present communication presents a new approaeh to this subject through 
the depression of erythropoiesis by drugs in polycythemic animals. Tlie cx]ieri- 
inental data for my calculations of erythrocyte longevity have been taken from 
previous impers®'” and other data of mine. 

The method hn'olvcs the production of experimental polycythemia in dogs 
or rabbits by daily exercise,’' continued administration of cobalt chloride,'''” ex- 


•Besearch paper No. .132, journal series. University of Arkansas. 
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posurc to low atinosiiliovic ])rcssuve' or daily cphcdrine administration.'^ The 
high oi’vthrocytc count.s were then reduced by the additional daily administra- 
tion of raw liver, choline hydrochloride, mccdioiyi, or other vasodilator drugs. 
It has been found that only a few days are rcfiuircd for these substances to 
reduce the red cell counts to or toward normal to j)oints which .s'ecm to repre.sent 
the maximal dej»ression that thc.so drugs arc cajiable of producing. It is a.ssumed 
that these drugs act as a ■•brake" on erythrocyte production until the cell count 
reaches normal, or near normal. If such is the case, the rate of depression of the 
polycythemia should establish the rate of natural death of the erythrocytes, and 
it is then possible to (>alculate the length of time which would be required for 
100 per cent disa})})caranee of the cells if the proce.ss were to continue. This 
calculation has been made fi'om composite or average curves drawn from rabbit 
and dog experiments. 
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. Fig, 1. — ^Average curves for rabbit and dog ers'throcj-tes, Fho^ing the depression of ex- 
penmontal polycythemia by liver and various vasodilator drugs. P designates the average 
polycythemic level for each species. 


results 

Fig. 1 shoAvs curves representing the depression by drugs of the average 
erythrocyte counts from polycythemic values to near normal in rabbits and dogs. 

The average curve for rabbits is composed of twelve experiments on seven 
rabbits. It will be seen that four days were required for a practically maximal 
reduction of 17.8 per cent in the polycythemic cell count to occur. If this rate 
of reduction were to continue, all ervthroc.vtes would disappear in 22.4 days. 

The curve for dog ervthroe.vtcs represents thirty-three experiments on 
twenty dogs. It shows that a practically maximal reduction of 15 per cent of 
the polycythemic cell count occurred in three days. At this rate the last of 
the dog corpuscles would disajAjjcar in twenty days. 

On tlic basis of these calculations, the minimal length of life of ervtlirocvtes 
should be placed at twenty days in the dog and at about twentv-two da^’s in 
the rabbit. 
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mscrssioK 

Our evidence for lieliovinu: lliat Iho reductions of erythrocyte counts sliown 
in Fig. 1 arc due to a depression of erytliropoicsis lias been jireviously iirc-sented 
in articles cited above.'’''' Since the deiiression occurs in siiite of continuation of 
bemopoietic stimulating measures, and since the red cell count rises again to 
polycythemic values soon after ce.ssation of administration of the dcprc.ssant 
drug's, it seems .iustifiablc to a.ssume tliat tlie latter airents act as a •'brake” 
on erytliropoicsis. In some manner this brake seems to ojicrate only until the 
erythrocyte number is reduced to a certain level which is not below the normal. 
AVc assume that the hone marrow still has an '‘exee.ss momentum,” so that when 
the “drug brake” is removed, an accelerated rate of hemojioicsis is able to cause 
a return of ])olycyt hernia in a few days. 

Although it is recognized that the a.ssumption that the rate of deiirc.ssion 
of polycythemia establishes the rate of natural death of erythrocytes is a broad 
one, it is perhaps iiermi.ssilile to say that it c.stabli.shcs the maximal rate of cell 
disappearance. Our calculated values for the life span of the erythrocyte 
should then be considered as minimum values. 

coxcnrsioNS 

On the basis of data on the rale of dejiression of experimental pol.v- 
cythemias by liver or vasodilator drugs, the minimni (ivcragr life duration of 
erythrocytes has been calculated. The •‘life spans,” thus obtained, are. twenty 
days in the dog, and 22.4 days in the rabbit. 
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CLINICAL CHEMISTRY 


THE EFFECT OF CTIAXOK OF ALTITUDE OX THE BASAL 
:\rETAI30LTS^[ OF HLLArAN SUBJECTS® 


Robert C. Lewie. Pji.D.. AEnicur.v Ieii'k, Pn.D., An.va IMaru: Duval, Ph.D., 
Denver, Colo., and Glai)y.»- ^r. Kixemax,! Ph.D., Stillwater, Okla. 


I N A study of the basal inolalmlism of tlic children of the Child Re.seareh 
Council at Denver, sufficient data have been accumulated to establish normal 
values for dift'erent aire groui)s from the third through the sixteenth year. 
That portion of the data olitained jirior to April, 1936. for children between 
the ages of 2 and 13 years has been reported by Lewis, Kinsman, and Iliff.^ 
Since the publication of this study, jtcdiatricians and investigators in the field 
of energj- metaboli.sm have asked from time to time whether the normal values 
of basal metabolism thus c.stablislicd at an altitude of 5,280 feet can be used 
as standards at lower altitudes. In discussing this problem from the stand- 
point of the literature on the subject, the conclu.sion was drawn^ that between 
barometric pressures of 610 and 645 mm. of mercury, at which the children 
were studied, the partial pre.ssure of oxygen was not sufficiently low to in- 
fluence their basal metabolism. However, in view of the queries raised as to 
the dependability of the standards of the Child Research Comieil at other 
altitudes, further consideration should be given to the question of whether 
the altitude at which determinations of basal metabolism are made affects the 
results. 


Numerous investigators have studied the effect of altitude on the energy* 
metabolism of human subjects. Observations®"'® have been made by determin- 
ing the oxygen consumption of the same individuals first at or near sea level 
and then at one or more higher elevations. It may be seen from Table I, 
which gives the percentage changes at different ranges of altitude from the 
heat production found near sea level, that considerable vaiiation has occurred. 
However, no marked effect is evident in the case of altitudes below 10,000 feet. 
The greatest disagi’eement appears at tlie higher altitudes and is particularly 
noticeable in studies made prior to 1913 when the experimental conditions 
were not always well controlled. .Smee that time practically all of the ob- 
•servations have been made under basal conditions, and it may be noted that for 
altitudes between 10,000 and 15,000 feet the delation from the i-esults obtained 
at sea level has been considerably less than in the earlier years. 


p, , f ^nua nesearen \jouncu ana xne ueparxmeni; oi irJiocnemistn.', tniversio' of 

School of Medicine, Denver, and the Oklahoma Agricultural Experiment Station, Still- 

1 report is taken from the dissertation submitted by Alberta Iliff to the Faculty* of the 
University of Colorado, June. 1942, in partial fulfillment of the require- 
ments for the degree Doctor of Philosophy. ^ 

of report of this study was made at the meetings of the Am^'rican '?ociPtv 

Snd R Chemists at Xew Orlean.s in March. 1940 (A. Iliff. G. AL Kinsman. AM •'Duval 

unu K. c. Lewis. J. Biol. Chem. 133: xlvii. 1940). J.>u%ai 

Received for publication, .Vug. 31, 1942. 
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Tabia: I 

I’EItCBNTAr.E CllAKC.KS AT DlFrEUKKT l{AN’(:r»S OK ALTITUDE FkOM Till'. HUAT Pi;ODt!CT10N’ 
Established at Ei.evations Ectween Sea Level and 1,000 T'eet 


(A St'MMABY or THE LITEBATUEE) 
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Observations made during lialloon ascents and in pneumatic chambers 
have also been used to study the effect of decreased barometric pressure on 
cnergj' metabolism. Tlie results of such exiieriments arc not pertinent in rela- 
tion to the problem under consideration, because the factor of acclimatization 
has entered into only a few of the investigations, and the purpose of the present 
study has been to determine whether altitude has a significant effect on the 
basal metabolism of acclimatized individuals. 

Although this review of the literature reveals that change of altitude up 
to 10,000 feet has no significant effect on basal metabolism, the contrary con- 
clusion has been drawn from a few studics=^“- ='■ == made at single elevations. 
In a later publication^^ the validity of such a conclusion will be questioned. 
However, inasmuch as these reports have appeared in the literature, the prob- 
lem has been sub.iected to further investigation. 

Experimental Procedure. — Although the ])rimary purpose of this study 
was to determine whether the normal values of basal metabolism for children 
established at the altitude of Denver could lie used as standards at. lower alti- 
tudes, it was impracticable to use children as subjects of investigation. Accord- 
ingly, the study was made on seven adults. The basal metabolism of all seven 
subjects (two men and five women) was measured at Denver, Colo, (altitude, 
5,280 feet) and at Stillwater, Okla. (altitude, 910 feet), and four of the sub- 
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.icds (imo in:>n aiul tlm'o, womon) won; iilso stu<lio<\ i\1 EUlora, (Jolo. (alliliulo, 
8,720 fool), llurinf: ila* jtoriod of residoiioo a1 oaoli j)i!ico, no subject changed 
from that allitudo l)y more than 1,0(10 fool for longer I Inin one lioiir. 

Tlirce of (lie subjools (1 a. i)., and I.) liad lieon residents of Denver for 
at least ten years and had not boon to an altitude lower than 5,000 feet for 
tlirec nionlliH or longer before the fij’st series of determinations was made at 
Denver. Between the oomiilelion of this initial period and the determinations 
in Stillwater, Subject Ta spent four days at an altitude of about 900 feet but 
returned to Denver for 5 days just prioi- to leaving for Oklahoma. Subjects D. 
and I. remained in Denver until their departure for Stillwater. The other 
four subjects (N., K., 11., and B.) had been residents in the Middle West 
for at least two years and had not been to an altitude higher than 1,000 feet 
during the three months befoi-e the fii-sl determinations were made on them 
in Stillwater. 

After the initial jieriod in Denver (Denver I), the three subjects, L., D., 
and L, motored to Stillwater on May 15 and 16 and remained there for twenty- 
four days. During their stay, basal metabolism detenninations and blood .studies 
were made on them and on the four residents of Stillwater. On June 10 the 
three subjects (L., D., and I.) returned to Denver where further determinations 
were made for a period of several weeks (Denver II). Subject H. came to 
Denver on July 1, and observations were made on her over a period of eight 
months white she remained at the higher altitude. On July 23 Subject K. ar- 
rived in Denver where determinations were made on her until August 5. These 
two latter subjects had remained in Oklahoma until their departure for Denver. 
In December, Subjects X. and B. came to Denver for detenninations during a 
period of eleven days. They had been residing in Illinois at an altitude of about 
700 feet since the end of the observations on them in StiUwater. Even though 
these studies on Subjects N., K., H., and B. constituted the first period of ob- 
servations on them in Denver, this period has been designated, for the sake of 
clarity, as Denver II in the report to follow. Thus, for all seven subjeets, the 
period knowm as Denver II indicates one following a change from a relatively 
low to a higher altitude. 

Subjects D., I., and K. went to Eldora, Colo, on August 5 and w'cre joined 
there by Subject L. on Augu-st 7. Determinations were made on all of them 
until August 21 when they returned to Denver where further observations were 
made in a final period at Denver (Denver III). 

During the course of this study the living habits of the subjects were not 
materially changed at the different places. Indeed, the body weight and general 
physical condition of each subject varied little except for Subject L. who w'as 
'll just before the observations at Eldoi-a. This illness occurred during a non- 
cxperimental period in Denver, and the weight of this .subject remained rela- 
tively low throughout the period at Eldora and the final period at Denver. 

The determinations of basal metabolism were made by the same individuals 
with the same closed circuit api)aratus, a No. M 84 McKesson Metabolor, at 
all altitudes. From five to thirteen determinations were made on each subject 
m the initial periods, whether at Denver or at Stillwater. After each change in 
altitude, except during the third period in Denver, almost daily determinations 
were made for ten or more days. The subjects had fasted for at least twelve 
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lionrs iiiul liiid rcstod on ;i conirorlHldo hod in the lalnn'idory for foi'ty-iivc 
miinilcs bcj'oi-o flu* firsl tost to moasiiro oxyiron oonsiimption was jiorfnraiod. 
In six instanoos only two tosts woro prooiirod, sinoo tlio variation in oxy<ion oon- 
sninption from liio moan was no <jroalor Ihati 2 por oont. In all otlior instanoos 
at least throe tosts of four minntos oaoli or more woro obtained. If the oxytren 
eonsnmi)tion of any one of the throe tosts showed a deviation of more than 
4 por oont from the moan, another l(‘si wa*-- prooiiiod. When more than throe 
to.sts woro made, the deviation from the moan seldom o.sooodod a per oont. The 
moan value for oxypon oonsumiilion was n.sod to oalonlalo the lioat j»rodliotion. 
As the resiiiratoi'v (luotiont was not dotorminoii, 4.82”) svas used as the oaloritio 
value for oaoh standard liter of oxygon, 'i'lio basal metabolism oaloulatod by 
the use of this faotor is reported as oalorios per iioiii' por sunan' imdor of body 
snrfaoo. The snrfaoo area values wore obtained from a nomo<rram eonstnietod 
by Wilson and Wil.son-^ from the i)n liois and Du Bois lieijrlit-weiydit formula.-" 

Eleven alooho! ebook <letorminations were made at intervals durin'4 the 
study, and the.se pave an averape value of 0.4 ]>er oont abovi* the tlieorctieal 
oxypen oonsumi)tion with a ranpe of from 1.") to i2.;> j)cr oont. 

Blood studies maiie on each subjoot api)eai- in a separate report by Lcwi.s. 
Iliff, Duval, and ICinsmaii.-’’ The values obtained for number of red oells. homo- 
plobin eontent, and paekod red eeli volume show that physiolopie adjustment 
to altitude oeeurred eomparatively early in the jieriod of residenee following 
oacii chanpe in altitude. 

ICXl’KtilM K.NTAI. 1!RS1 I.T.s 


The results of the individual determinations of ba.sal metabolism are not 
jn’e-sented here but may be found el.sewbere.® For the most part, the values 
for each subjeet showed eomparatively little variation in eaeh period. However, 
it was found that on the first two days for Subjeets E. and 1). at Stillwater, on 
the first day for Subjeet I. at Stillwater, and on the first day for Subjeet H. 
at Denver the values for ba.sal heat produet ion (ealories ])cr hour por sejuare 
meter) were markedly greater than tho.se obtained sub.se(juently during that 
period. Since these six hiph values were obtained in eaeh ease at the bepiiminp 
of a period followinp a chanpe in altitude and were distinct l,v out of line, they 
have been omitted in the ealeulation of the averages for the j)criods in which 
the.v oeeurred. However, even if these hiph results had been included, the 
means for the.se pei’iods would not have been materiall.v chanped. Since in 
three instances the hiph initial values were observed on subjects who had moved 
from a hipher to a lower altitude and in one ea.so on a subject who had moved 
in the opposite direction, it is unlikely that the direction of chanpe of altitude 
is the factor which caused the.se variations. 

Table 11 shows the moan values for the calorics per hour jier .s([uarc meter 
of body surface for the different periods as well as the standard enws of the 
means. Prom the laltei- values it ma.v be ob.served that the means are reliable 
in all cases. Subjects N., L, K., II., and B show a clo.se agreement in the means 
for the three altitudes. The values for Subject E. averaged 31.7 calories per 


• Thp data of inaividu.'U Ua.sal metabolism tests ni.ay be fouml in Part 1, Table 2 ,, of the 
, A. 1 -P < ■<-evt,a Ilitr. "The Kiroct of Altitude on Certain Pliysiolopicai Functions of 
u'lncli is on depo.sit in the Ch.irles Denison, M.V.. jremorhil IJbrap". oni- 
School of Metiicine. Denver. Microfilm conv of the table (PP’ to o-, 
incl.) may be obtained from the Librarian of the bTniveisity of Colorado. Donlder, Colo. 
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liour per sipiaro meter in tlie initial period in Denver and froiii ID.O to 
calorics in tlic four snliseiincnt periods. 'I’Ik! vahu's I’or Sniijeet I), avcra^jed 
34.4 calorics per hour per s(!uarc meter in the (ii'sl i)i>rio<l in Denver, hut the 
sub.serpient means were all lower and varied helween 32.0 and 33.1 calories. 
It .should he noted that the chaii'res after the iidtial ijeriod for Suh.iecl.s L. 
and D. are in the revei-se direction from oJte another. 

TAm.r. Ill 

.SiosincAKCE OK Tin: PirnaiKsei: Hktwkk.v Mkaxs or U.\sai, Mirr.Mioi.is.M roi; J-t\cn .Sianrcr 
AT Difkki-.kst PrmODs as I.viucatch iiy Tin: IIatio or Tin: inrrrKr.s’ti: B!:Twi:r..s 
Tin: Two AIea.vs ik Kach (’aki: to thi: Staniiacii Kiaioi: or Tin: inri'EKK.vci: 


P.VT.V USED 


in, - III,* 
0^1. 

run snuKcrrs 

^- ( 0 ) 



I.( 9 ) 

i3Dai 

1". (9) ! 

a. ( 9 ) 

Denver 1 nml ytillwiiter 


7.15 1 

4.nt 

0.0 




Denver II .and Stillwater 

I.l 

O.tl 

! l.S i 

1.7 

0.5 


1.(5 

Denver III and Stillwater 


0.7 

o.s 

0.5 

2,(5 



Denver I and Denver II 


(5.0 f 

mBm 

1.7 




Denver I and Denver UI 


.1.71 


0.(5 




Denver 11 and Denver III 


0.4 

mm 

0.(5 

2.7 



Denver I and Eldora 

I 

7.2} 

2.0 

O.S 




Denver 11 and Eldora 

i 

0.2 

0.7 

1.2 

0.2 



Denver HI and Eldora 

i 

0.3 

O.S 

0.0 

O »> 



Stillwater and Eldora 

1 

0.0 

2.0 

0.8 

0.7 

■ 



•The vnluc.s usuii In the cnlciilntlon of this formulu nre: nit = the menu obtninotl In one 
pori otl. ma =: th e mean obtained In tlio other period, on = the .slnndnrd error of the dlffercnee 
or Vo=ioi + o’m;. where omi = the .standard error of the mean of the vnlne.s In one period and 
onis = the standard error of the mean of the vultie.s In the other period. 

■fThe valuc.s so Indlc.ated are slpnincant bec.au.so the difference In the mcan.s l.« 3.0 or 
more times the standard error of the difference between tin: moan.s. 

Table III has been constructed to show tvlictlier there arc any significant 
differences between the averages for llio calories per hour jier square meter 
of body surface obtained in the various experimental ])oriods. Tlie value given 
in eacli case is the ratio of the difference between two means to the respective 
standard error of this difference.-' It may be seen that the differences between 
the basal heat px’oduclion for any two jicriods are not significant for Subjects 
N., I., K., H., and B. On the other hand, the values for Subject L. show a 
.significant difi’erenee between the initial period at Denver and each of the 
other periods. Similarly, the values for Subject 1). indicate a significant differ- 
ence between the basal bent production for tlie fir.st iioriod in Denver and ilio.se 
for the period in Stillwater and for the .second period in Denver, respectively. 
However, wlicn tlie comparison docs not inclndo the first period in Denver, 
it maj' be seen that the differences between the means of any other two periods 
for Subjects L. and D. are not significant. Since similar significant diffei-ences 
to those noted for Subjects L. and D. between the means of the initial period 
at DenA’er and those found at other altitude.s arc shown by these subjects 
between the means for the first period in Denver and for one or more sub- 
sequent periods at this same place, it is evident tliat factors other than altitude 
are responsible for the aberrant findings for these subjects in the initial period 
at Denver. Accordingly, it may be concluded that cliange in altitude up to 
8,720 feet bad no effect on the basal metabolism of any of the subjects studied. 
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1)1 tlic present study lou'cr values for intraindividual variability were 
found tlian those reported by Berksou and Bootbby.*® When the composite 
data for all periods on men and women, respectively, were treated by the pro- 
cedure used by these nutliors on their sintilar data, the values for one standard 
deviation were found to be 1.27 calorics per hour per sfpiare meter of body 
surface for the men and 1.1.0 calories for the women. Berkson and Boothby 
found 1.33 calorics for men and 1.61 calorics for women. Table lY, which 
gives the number of tests ajid tlio value for one standard deviation from the 
mean for each subject in each period as well as for the entire study, show's 
the gi'oatest variability for any one period for the men to be 1.09 calories 
for Subject N. at Denver and for the women, 1.44 calories for Subject K, at 
Stillwater and for Subject D. at Eldora. Even when the calculation is made 
on all dctcrminalio 7 is of eaeli subject, the highest values found are 1.30 calories 
on Subject D. for the men aiid 1.42 calories on Subject D. for the women. All 
of these values show a relatively low intraindividual variability. 

TAB1.E rv" 


KuMBEn OF Tests asd Vale-es for On'e St.fxuard Devtatios ((t)* Frou the ilEAx Value 
FOR Calories per Hour per Square Meter of Body Surface of Each 
Subject fob E.vch Expeuimestal Period 
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11 

1,14 

13 

1.44 

5 
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10 
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17 
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11 
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Eldora 



10 

0.61 ' 

11 

1.44 ’ 

13 

0.66 

13 

1.19 i 





Denver 



4 

0.95 

7 

1.30 

4 

0,86 

*> 
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All Tests 

18 

1.08 

19 

1.30 

57 

1.42 

51 

0.97 

36 

1.21 ■ 

20 

1.17 

18 

iO.69 


’The foTm -oIa used for this calculation -was that of Boothby, Berhson and Dunn=“ 
<’ ~ VmS - AB. where mS Is the mean of the squares of the differences of the obser\'ed values 
from the mean value of the Individual under consideration and AI is the mean of these differ- 
ences. 


Although the primarj' purpose of this investigation was to determine the 
effect of altitude on basal metabolism, the nature of the study makes possible 
some observations on geographic location. Talbot, "Wilson, and "Worcester^® 
believe that this is one of the factors w'hich affects the ba.sal heat production, 
and Talbot and Talbot^* suggest that the principal reason for the disagree- 
ment between the standards of ba.sal metabolism for children established by 
them in Boston and those reported for the children of the Child Research 
Council at Denver^ is the difference in geogi-aphic location between the two 
cities. Boston is 2.S° farther north than Denver, and differences in latitude 
of this same order arc found between the places at which the present study 
was made. Eldora and Denver are 3.0° and 2.6°, rc.spectively, farther north 
than Stilhvater. However, no evidence has been obtained in the pro.sent studv 
which w’ould indicate liiat diffcreiieos in latitude of thi.s masnitude cause sig- 
nificant differences in basal licnt production. Thus, no confirmation can he 
given here to support the Talbots* eonlention that the disagreement between 
the standards of basal metabolism for children established bv them in Boston 
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and by tlic sfudics of Iho Child Roscaroli ('oiiiicil in Denver is due to tiie difier- 
onee in geogi'apliic location. 

‘Whether the illness of Subject L. in Denver just ])rior to the ex]K‘rimental 
period in Eldora had any eilVet on the results obtained on him at the higher 
altitude might be questioned. However, the fact that the basal heat luoduetion 
in his ea.se remained unehanged, just as it did in the otlnu' Subjects (D.. 1., 
and K.) who were also studied at Eldora, indicates that the illne.ss had no 
significant effect. 

In conclusion, it may be well to eomment tijxm whether the <|uestion which 
prompted the pre.seni .study has been answered; namely, whether the standards 
of ba.sal metabolism esfabli.shed on children of the Chib! Re.seareh Council 
at Denver may be used at other ;dtilu<l<‘.s. As has lu'cn o.xplained earlier in 
this paper, ])raetieal eonsideraf ions neee.ssilated the use of adults as .subjects 
in this investigation. However, there appears to be no valid reason for 
expecting a differenee between the effect of altitude on children and on adults. 
Accordingly, since change of alfitiub' did not afi'eet the ba.sal metabolism of the 
adults .studied, the standards'-'’' for the b:i.sa! metabolism of children estab- 
lished at Denver may be considered reliable for use at altitudes below fl.OOO 
foot. 

.srMMAKY 

1. The ba.sal metabolism of seven adults (five women and tw(» men) was 
determined at Denver. Colo, (altitude. n.-iSO feet) and at Stillwater. Olcla. 
(altitude, 910 feet). Four- of th(> subjects (three women and one inan) were 
also studied at Eldora, Colo, (altitude. ft.T'if) feet). 

2. The .subjects remained at each altitude sufiieiently bmg to become ae- 
elimatized as judged by certain observations made on the blood for the measure- 
ment of pli.vsiologie adaptation. During the imriud of adjustment to tlie 
change.s in altitude, except after the return to Denver from a higher altitude, 
determinations of basal mctaboli.sm were m.-ule almost daily and al.so for some 
days after aeelimalizalioii bad been aecomplisbed. 

3. Cliange in altitude williin the limits of the elevations studied did not 
affect the basal metabolism. 

4. Changes in gcograpliie local ion wit bin tlie limits and under the con- 
ditions experienced in lliis .study b;id no effect on the basal metabolism. 

5. A critical review of tlie literature shows that change in altitude at 
levels below 9,000 feel does not affect the ba.sal metabolism and Ibis view is 
confii-mod by tlie present study. Thus, it may be eoneluded that foi- elevations 
below this level the standards'' for tiie basal metaliolisni of eliildrcn estab- 
lished by the investigations of the Child Researeli Council at Denver arc 
reliable. 
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Denveh, (’oeo., and (iEAin-s M. Kinsman,! Pii.1>., Stieewatee, Oki.a. 


TN COXJUXCTIOX with an itiv<>.sfi<ra(i<m to (Ictfi'iniiie the inlliicnco of altitiulo 
on the basal nietaiiolisni of adult human subjects, studies on their blood wore 
conducted jirimarilv as a means of ascerlaiiiiii" when jib.vsiolo'iie adjustment to 
tlie cliangcs in altitude oeeurrod. These* studies consisted of the delerminatum 
of the number of red cells, the hemoglobin content, the jjacked red eel! volume, 
and the specific gravit.i-. Although it has often been observed tliat pb.vsiologic 
alterations in the blood occur with changes in altitude, seldom has such an oji- 
portuniti.v as the one encountered in this study beeu afforded to observe the 
clfeets of altitude on the same individuals by identical (eeliniques jierformed b.v 
the same workers and with almost no change in the living liabits of the .subjects. 


EXPEUIMENTAE I’HOt’KlU •!!!: 

The subjects of the study were five women and two men, and tlic altitudes 
at which the observations ivere made were hlO feel, 0,280 feet, and 8,720 feet 
above sea level. Only four of the subjects were studied at the liigbest altitude. 
The conditions under whicli tlie experiments were conducted are described in 
detail in our report on the effect of altitude on basal metabolism.' 

Freel.v flowing blood was collected from the fingertip diroctl.v into small 
vials in Avhicli three drojis ol O.b per cent solution of Iiejiarin bad been allowed 
to dry. The blood was usuall.v drawn before breakfast, but. oeeasionall.v it was 
taken at other limes of da.v liiaii carl.v in the morning. Fv making a relatively 
deep puncture, it w*as jiossiblc to collect roadih* from six to ten drops (approxi- 
matel.v 0.5 c.c.) of blood, and this gave adeuuale amounts for the determination 
of the number of red cells, the hemoglobin content, the packed red cell volume, 
and the specific gi'a-vuty. 

The red cell counts were made on at least two dilutions from each sample 
of blood. Hayem’s solution was ii.sed in all cases. The ]>ipetfes and the Lev.v- 
Hausser counting chambers had been certified by the Bureau of ,Standard.s. 
More than 1,000 cells were counted from each pipette, and tlio mean value of 
the number of red cells per cubic millimeter for the two dilutions lias been used. 


•From the Chita Research Council ami the Department of Rloclicmistry. Univer.sity of 
Coloraao Scliool of Medicine. Denver, sind the OUlnlmma ABVleviUural Experiment Station. Still- 
water. 


This report is taken from the dls-seriatlon .siibmitted bv Alifoita lllfC to the Faculty of 
the Graduate School of the University of Colorado, June, Iflli. in nartlal fuinllmcnt of the re- 
quirements for tlie degree Doctor of Philo.sophy, 


qviiremeuia i.jic ucfaiv-t- u* a » 

A l i- iiiii'-i' > >■ report of tliis study was made at the moeting.>! of tlic American Society of 
liu, ! Ci.- !!i: 1 at New Orleans in March, 1<U0 (Kinsman, G. M.. A. M. Diiv.al, A. Illff and 
]» (• 1 . w;. . 1 . lli.-l, Chem, J»S: liii, 1940). 


Received for publication, Aug. 31. 1912. 


tThis author’s participation in tills study and its piiblic.atlon have been approved by the 
Oklahoma Agricultural E.xperiment Station. 
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The hemoglobin conlcnl was {Iclcrmined by tlic acid Iiematin method. The 
Klett hcmoglobinomelcv used for all readings was calibrated by comparison 
with the Van Slyhc-Ncill" manometer method of gas analysis for the determina- 
tion of the oxygen-carrying ca])acity of the hemoglobin. In order to assure a 
constancy of liglit, the same daylight lamp was used at all altitudes, and a 
distance of 12 cm. from llie light to the tubes was always maintained. Imme- 
diately after introducing the blood into the 0,1 N HCl, the solution was shaken 
for 3.75 minutes, and the readings were made within the following two minutes. 
This pi'occdiu’e had l)een found to give values very close to those obtained by 
the Van Slykc-Ncill metliod when the conversion factor of 1.34 c.c. of oxygen 
for 1 Gm. of hemoglobin was employed. Two determinations that checked within 
2 per cent were obtaiiied on each sample of blood. The mean of these values 
has been used as the hemoglobin content of the blood. 

The volume of packed red cells was determined bj- the use of Van Allen® 
hematocrit tubes. Instead of the clips or rubber bands customarily used to seal 
the lower end of the capillaiy tube, melted beeswax was employed for this pur- 
pose. The inti'oduction of blood into the capillaiy tube was accomplished by 
drawing the blood up to the 100 per cent mark. After wiping the excess blood 
from the tip noth a gauze sponge, the column of blood was carefully drawn up 
the capillarA' tube about Vo cm. Jlelted beeswax was then applied to the lower 
end of the tube with a camel hair brash and allowed to harden for three minutes. 
The tube was centrifuged at 2,500 revolutions per minute until there was no 
further change in the volume of the packed red cells. After centrifugation, the 
total volume of blood read at or very slightly below the 100 per cent mark, 
which showed that the air introduced into the lower end of the tube had escaped 
completely and that no blood had been lost. Triplicates from each sample of 
blood were ran and usually the readings for packed red cell volume in all 
three tubes showed agreement. Unless two of the readings were within 2 per cent 
of one another, the detenninations were i-epeated. The mean value for the two 
or three acceptable determinations has been used. 

The specific gravity was determined by the use of the falling drop apparatus 
of Barbour and Hamilton, “> “ which was standardized by the use of solutions of 
potassium sulfate with specific gravities of 1.0551, 1.0645 and 1.0743. In the 
determination of the specific gi-amty, ti’iplicate readings of the rate of fall of 
blood and of standard, respectively, were considered acceptable when they agi-eed 
within 3 per cent. The means of these values for the blood and for the standard 
were used in the calculation of the specific gravity of the blood. 

In addition to the blood studies, measurements of pulse rate and blood 
pressure were made several times on each subject at each altitude. Since the 
results were normal in all cases and no significant variation occurred on clsang- 
ing altitude, the data will not be reported. 


RUSCLTS AND DLSCUS-SION 

Table I gives the results of detenninations of numl)cr of red cells, hemo«^lo- 
bin content, packed red cell volinne. and specific gravity on bloods collected'' in 
Denver at different times of day on Subjects D.. I., and L. at a time when thev 
were thoroughly acclimatized. It shows that in none of these determinations 
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COAtrAi'.isoK or tiik DCTr.i:Mi.sATi()Ss or Tin; Xi’miiki: or Ckm.k. tiik Amoont or 
ITEMOnr.omK. Tin; Paoki:i> ){i:i) ('em, Vom'.me, a,vh the Srrnnn Ceavitv or the ni-oon 
OiiTAixEP ox THE Same Day r.VHEE Pastixo axh Xo.vrAsrixo Coxiiitioxs 


suieiect 

EEH er.Ei.s 

(MH.I.IOX.S 1*1:1: 
rr, MM.) 

llEMOdl.oni.S' 

toM. rEi; too 

ME.) 

CEI.I, VOI.r.ME 
(VOEI'.ME.S I'EE 
r-EXT) 

si*i:(Tn( 

oi:avitv 

KASTKSV: 

NON'- 

K.\ 5 ^TIN'f: 

FASTINO 

N(»N- 

tastinv; 

I'ASTINf; 

NON- 

rAHTINO 

EASTIXO 

NON- 

kastini; 

IX ( 9 ) 


.0.211 

1 1,(1 

1 l.l 

• 15.1 

•i::.o 

1.0020 

1.0571 



.'i.Dl 

11 .5 

M.-l 

• 10.0 

• 10.1 

1.0005 

1.0002 


■l.tl't 

■t.iXl 

1 1.1 

la.K 

•ti.o 

t.'l.O 

1.0027 

1.0010 

I. (9) 


.').2() 

M.!( 

1 . 5.0 

•lo.n 

•l. 5 .!> 

l.ooo.s 

l.oiso:: 




1 . 5 .S 

1 . 5.0 

•10.1 

• 1 . 5.1 

1.0027 

I.OOfS 


5 . 0 ,'! 

5.01 

1 . 5.0 

M !> 

• 15.0 

•i::.l 

1 . 0.501 

1 , 00.51 


5 .r >5 

. 5.27 

1 5.0 

15.0 

• 17 .:: 

• 15 .:: 

1,0020 

1.0025 

L. ( 5 ) 

(>.(IS 

().2S 

17.0 

17.1 

rH)A» 

, 51 .:: 

1.0071 

1.0001 



(1.:’,:; 

17.1 

10.0 

•IS..S 

■is.s 


1.007;: 


(■•.21; 

'l.M 

17.0 

10,2 

50. 1 

. 50 ,!» 

1 . 007 .': 

1.0000 


is tlievo a sigiiificanl dift’orcnoo between llie vjiliies olil.-iined on fasting inorning 
bloods and on fliose eolleeled later dnrinir the day. (.'on.seiinenlly, the few de- 
terminations that were made on blood eoHeeted under otlier Ilian fasting eondi- 
tions have been ineliuled in the <lafa ii.sed. 

Tables II, III, and IV give the mean.s for the nnmbi'r of red eells, the 
hemoglobin content and the paek(>d red cell volume, resjieefively, for the .samples 
of blood taken at each altitude from each subject. In ealeulalinir these means, 
all value.s have been u.sed except those obtained on the first three days after a 
change in altitude. The three-day interval was eho.sen arbitrarily, .since the 

T.Mii.r, II 

The AIeax, the STAXPAnn Ktaioc axh the .staxhaiui Deviation' or the Mr.AX, axi> ^111; 
CoEFrrciEXT or Vakiatiox roe. the Xvmiieu or tv’Ei> Dr.i.i.s or the Di.ooii. (riE.sT Thi'.ee or 
There Vaeves E.xriiESRKi) as Mii.i.ionr or Rei> rEi.E.s rri: ('niic Mh.m.metei: or in.oop) 


SriWECTS 



X. (5 ) 

X. ( 0 > 

D. ( 9 ) 

I. (9) 

K. ( 9 1 

11. ( 9 ) 

D. (9) 

.Stilhvater 
(Altitude, 910 
feet) 

No. of te.st.s 

Alcan 

.‘Standard error 
Standard devia- 
tion 

Coeflieient of 
[ variation (per 

I cent) 

-1 

5.:ts 

O.OtM 

0.112 

1 2.1 

i - - • 

1 0.020 
0.005 

1.2 

0 

■1.02 

o.o:;i 

n.09s 

2.1 

10 

4.82 

o.nsi 

0.214 

5.1 

0 

4.47 

0.009 

0.155 

5.1 

-! 

4.72 

0.100 

0.172 

5.0 

4.55 

0.029 

0.041 

0.9 

Denver 

(Altitude, 5,280 j 
feet) 1 

1X0. of tc.“t.s 
lAIcan 

Standard error 
.Standard devia- 
tion 

Coefficient of 1 

variation (iier | 
cent) 

0 

5..S.I 

o.n.'i 

0.255 

■1.5 

s 

0.50 

0.n!)2 

0.2I-1 

5.9 

20 

■l.7!l 

O.O-M 

0.19-1 

-1.0 

19 1 

5.0s I 
0.052 1 
0.157 

j 

2.7 

4..s;i 

0.002 

0.155 

0 0 

12 , 
' 4.04 
' 0.085 
0.274 

! 5.9 

1 

0 

4.87 

0.057 

o.os;: 

1.7 

Eldora 

(Altitude, 8,720 
feet) 

Xo. of tests 
Alcan 

Standard error 
Standard devia- 
tion 

Coeflieient of 
variation (per 
cent) 


7 

5.99 

0.00.5 

0.154 

2.0 

p 

4.9.5 

0.028 

O.OSO 

1.0 

<) , 
5.55 1 
O.O-IO 
0.114 

2.1 

0 

4.S2 

0.032 

0.091 

1.9 


i 

i 
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The Mean, the Staxhauh Ei:r.itn an'h the Staxhauk Deviation or the Mean, ani> the 
C oEE'FiriENT or Vauiation Eor. the llEMoni.omN Content oe the Beood (Fiest Three of 
These Vaefes Kxi’resseh as Grams of IIeaiori/irin rei: lOf) Miruriters of Brood) 


si-Fi.iErr.s 



:X’- (o ) 

L. ( 5 ) 

D. ( o ■. 

I. ( 9 ) 

1 K. ( 0 ) 

in. (0 ) 

iB.(o) 


Xn. of tests 

A 

7 

10 

10 

muimii 

■mi 

mSm 


Mean 

14.0.7 

1.7.70 

i:;.44 

17.8.7 


■EKkW 


Stilhvntor 

Standard error 

n.nps 

0.210 

O.O.SH 

0.189 

BflErul 

HSkrsS 

0.249 

(Altitude, 010 

Standard devia- 

0.170 

0.710 


0..50S 

HjbtSI 

HnRffil 


feet) 

tinn 









Coefiieipnf of 

1.2 

o o 

1.9 

4.1 

.7.1 

0.2 



variation (per 









rent) 









Xo. of tests 

0 

.8 

20 

20 


12 



Mean 

10.28 

10.78 

14.10 

1.7.18 

14,17 

12.92 

■nlinH 

Denver 

Standard error 

o.oso 

0.147 

0.110 

0.077 

0.174 

0.1-78 

HiwEm 

(Altitude. 5.2S0 

Standard devia- 

0.192 

0..'',90 

0.478 

0.330 

0.42.7 

0..724 


feet) 

tion 









Coeffieient of 

1.2 

o ^ 

7.4 

2.2 

7.0 

4.0 

.3.2 


variation ( per 


1 







cent) 


1 



i 




Xo. of tests 


7 

9 

9 

1 0 




Mean 


10.7.7 

14.87 

10.00 

14.91 



Eldora 

Standard error 


0.171 

0.212 

0.274 

0.289 



(Altitude, 8,720 

Standard devia- 


0.419 

0..599 

0..577 

0.818 



feet) 

tion 

i 



1 





Coefficient of 


■2.0 

4.0 

! 7.0 

oTo 




variation ( per 









cent) 









Tabre n* 

The Mean, the Standard Error and the Standard Devution of the Mean, and the 
C oErnciENT OF A'ariatton for the Parked Red Cerr Voreme of the Brood (First Three 
OF These Varces Expressed as Vori mes Per Cent of Brood; 


SltJ-JEITS 



( 5 ) 

L. ( 0 I ! 

D. ( 9 1 

I. (9 ) 

!K. ( 0 )jH. { 0 ) 

B. ( o ) 

Stillwater 
(Altitude, 910 
feet) 

Xo. of tests 
Mean 

Standanl error 
Standard devia- 
tion 

Coefficient of 
variation ( per 
cent) 

4 

4.7..72 

0.11.75 

1.1.34 

2.5 

! 

6 

47.70 

0.276 

0.462 

1.0 

10 

41.98 

0.7.7.7 

1.06.7 

2.5 

10 

41.29 

0.447 

1.741 

7 

7 

.39.59 

1.0.78 

2.590 

6.5 

4 

.39.20 

0.641 

3.111 

2.8 

.3 

.38.47 

1.761 

2.490 

6.5 

Denver 

(Altitude, 5,280 
feet) 

X'o. of tests 

Mean 

Standard error 
Standard devia- 
tion 

Coefficient of 
variation ( per 
cent ) 

f> 

47.02 

0.716 

0.707 

1..5 

8 

30.64 

0.459 

1.215 

2.4 

20 

4.3.72 

0.27.3 

1.192 

2.8 

IS 

45.58 

0.766 

1.508 

111 

12 

79.58 

0.44.3 

1.470 

.3.7 

6 

.39.7.3 

0.6.3] 

1.410 

7.6 

Eldora 

(Altitude, 8,720 
feet) 

Xo. of te.-ts 
Moan 

Standard error 
Standard devia- 
tion 

Coefficient of 
variation ( per 
cent ) 

: 

i 

4 

1X.I9 

»» 

9 

4.5.62 

0.812 

2.296 

.7.0 

9 

4S..77 
i 0.516 
1.4.78 

7.0 

9 

41.24 

0.710 

2.009 

4.9 
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cliangcs observed in tlie dift'ereiil subjccls sliowed no const Jiin^y witli rcsjject to 
the time of the beginning of the ehangc or to its degree. In addition to the 
mean in caeli case, the tables give tlic standard eiTor of the mean, tlie standard 
deviation from the mean, and the eoenieient of variation. These statistical 
values sliow that there is relatively little .s-eatter in the data obtained at any 
altitude for any of the sub.ieets. Wlicji the means for each .sub.ieet at the differ- 
ent altitudes arc eomj)arcd, it is seen that with an increase in altitude there 
were increases in eight instances for the number of red cells, in ton instances 
for the hemoglobin content, and in nine in.stanees for the packed red cell volume 
out of eleven jiossibililios in eaeli ease. Thus, in the majority of instances ad- 
justment to a higlicr altitude was manife.sted by increases in all three of these 
values. 

E.xeeptions to the general rule that increases in the number of red cells, 
in the hemoglobin content, and in the packed red cell volume occur with an 
increase in altitude are to be found in some instances in tiic case.s of Subjects 
IT., K., and L. Practically no difference in the means occurred in any of the.se 
values when Subject II. moved from Stillwater (altitude, 610 feet) to Denver 
(altitude, 5,280 feet) or in the number of red colls or in the packed red cell 
volume when Subject K. went from Denver to KIdoi’a (altitude, 8,720 feet). 
No reasons are evident for the inconsistencies fovmd in the.se ca.se.s. When the 
mean values for .Subject L, during the period at Eldora arc compared with those 
obtained during the experimental i)criods iii Denver, definite decreases in num- 
ber of red cells and in packed red cell volume and jiraetically no change in 
hemoglobin content arc observed. An illne.s.s e.xpericnced by this subject during 
a nonexperimcntal period in Denver just prior to his departure for Eldora may 

Tabi.e V 

The JIe.\x, the ST.WDAr.n Eniior. Axa the .Stanhaui) 1)evi.\tio.n' or the Mean', ako the 

COEmCIE.VT OF VAnt.VTIO.V FOE THE .Sl'ECIFIC Ge.WITY OF THE (FIF-ST THREE OF TlIE.SE 

Values Exrr.Es.sEO ix TEitAfs of .Sfeofk: Gilwity) 


snuKCT.s 



N. ( 3 ) 

I- ( 5 ) 

D. (9) 

1. (9) 

K. ( 9 ) 

III- (9) 

|B. (9) 

.Stillwater 
(Altitude, 910 
feet) 

No. of tests 

Moan 

Standard error 
Standard devia- 
tion 

Coefficient of 
%-ariation (per 
cent) 

4 

1.0 wo 
0.002-1 
0.00-12 

O.-l 

RS 

UAIWjijM 

■ 

10 

I.OGIO 

0.0012 

0.0035 

0.3 

1.0.581 

0.00-10 

0.0099 

0.9 

1 


Denver 

(Altitude, 5,280 
feet) 

No. of tests 

Mean 

Standard error 
Standard devia- 
tion 

Coefficient of 
variation (per 
cent) 

G 

1 .0G5G 
0.0015 
0.0033 

0.3 

1 

19 

l.OGll 

0.0009 

0.0039 

0.4 

IG 

1.0 C 2-1 

0.0008 

0.0033 

0.3 

1 

1 

1 

Eldora 

(Altitude, 8,720 
feet) 

No. of tests 

Mean 

Standard error 
Standard devia- 
tion 

Coefficient of 
variation (per 
cent) 


1 

9 

1.0G29 

0.0008 

0.0022 

0.2 

9 

1.0C50 

0.0013 

0.003C 

0.3 

1 
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account for his failure to have attained Iiigher means for the number of red 
cells, hemoglobin content, and packed red cell volume at the Iiigher altitude. 
Four days before he went to the higher altitude, determinations on his blood 
showed that the number of red cells had fallen to 5.14 millions per cubic milli- 
meter and that the hemoglobin content had dropped to 15.8 6m. per 100 ml. 
of blood. Although recovery was rapid, as shoini by the fact that six days 
later or two days after reaching the higher altitude the number of red cells 
had increased to 5.75 millions per cubic millimeter and the hemoglobin to 17.2 
Gm. per 100 ml. of blood, the mean for these values and for packed red cell 
volume during the period at Eldora probably did not reach the height they 
would have attained, had this period not foIloAved so closely upon his dlne-ss. 
Table V gives the mean, the standard error and the standard deviation of 
the mean, and the coefficient of variation for the specific grarity of the blood 
at the different altitudes. For any given altitude very little inten-ariation or 
intravariation occurs. However, when one compares the mean of each subject 
at one altitude with that of the next higher altitude, it may be seen that in 
eight out of eleven possibilities slight but definite increases in specific gravity 
take place. Since the .specific gravity of red blood cells is approximately 1.090 
and that of serum 1.027,*^ each 5 per cent change in packed red cell volume would 
be expected to result in a parallel change of 0.003 in the specific gravity of the 

Table VI 

SlGXIFICAXCE or THE DiFFEREXCE BeTWEEX THE MEAXS ObTAIXEB AT A HIGHEE AXD A LOWER 
ALTITTOE, EESPECnVELT, TOP. ISCITBEF. OF BED CELLS, HEIIOGLOBIX COXTEXT, PACKED CELL 
Volume, axd Specific Gravitt as Ixdicated bt the R.atio of the Diffepjecce Betweex 
THE Two ME.AXS rs Each Case to the Staxdap.d Ep.p.or of the Difterexce 


DIFFEPEXCES IX JIEAXS 


M, - M.' 
®’d 


FOP. SUBJECTS 


FOB 

OBTAIXED AT 

IST- ( S ) 

L. ( 3 ) i 

l»-(S) 

I- ($) 

(S) 

H. (2) 

B. (9) 


Denver and 

3.6 1 

7.7 1 ! 

■gun 

3.0} 

4.01 

-0.6 

6.9 1 


Stillwater 



Mil 




Xtimber of red 

Eldora and 




5.11 

-0.2 



cells 

Denver 

Eldora and 



6.81 

5.8} 

4.61 




Stillwater 


mm 







Denver and 

17.21 

4.21 

4.71 

6.51 

4.01 

immm 

2.1 


Stillwater 







Hemoglobin con- 

Eldora and 


-0.2 

3.11 

.3.11 

2.3 



tent 

Denver 

Eldora and 


3.81 

6.11 j 

0.6} 

5.21 




Stillwater 



Pn 




i 

Denver and 

2.0 

5.51 


7.41 

1.4 

0.5 

I 0.5 


Stillwater 



HH 



Cell volume 

Eldora and 




4.71 

0.1 




Denver 

Eldora and 



4.11 

1.3 


1 

10.61 


Stillwater 








Denver and 

O.-l 

0.2 

-^.2 

1.4 

0.6 

-0.9 

0.7 

Specific gravity 

Stillwater 

EHdora and 


-0.1 

1.0 

1.5 

1.3 



Denver 

Eldora and 


0.1 

1.1 




2.4 

1.1 


Stillwater 







•The values used in the calculation of this formula are- mi 
higher altitud e, m: the mean obtained at the lower altitude, tro 

' o'TOT. where • - - 


obtained at the 

difference or Vo=mi o-rx:. where omi = the -standard error of tlm 'm^in nf tho ®Frof of the 

altitude and om = the standard error of the mean of the values ^ 'alues at the higher 

•fThe values so indicated are .signifleant because the differrnee in altitude, 

more times the standard error of the difference between the means is 3.0 or 
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whole l)loocl. 11 is hit crest i II tr to note liiiil. exccjit for Subjects 1). luul II. in 
eli:ni":iii!j: from Stillwiilcr to Dc-iivcr :in<l for Subject K. in 'jroiiifr from Denver 
1o lildorn, llu* <ilter;il ions in speeifie gravity which do occur nre in the direction 
and of llie npiiroxiiimte nuurnitude to be expected from the ehnup'cs in jineked 
red cell volume shown in Table IV. 

Table VI has been const met cd to show ivliethcr the chantre.s in the munher 
of red cells, in the amoiinl of hemo<rlobin. in the packed red cell volume, and 
in Ihc s])ccific gravity of the blood, which have been observed to occur with 
an increase in altitude, are siirniticaut. In eleven out of liftecn ))Os.sibilitie.s 
significant increases in the number of r<>d cells and in tin; amount of heinojzlobin 
occurred with an increase in altitude. l''ew('r nnu'kcd elian^c.s were observed 
in jiacked red cell volume, for only llirei* of tbe scvmi subjects showed si^uificant 
increases with a ciianirc in resi<lcuce from Stillwater to Denver, and only one of 
these showed a si'^nifieant increase in ehauirimr from Denver to Eldora. No 
significant chaiures in specific nravily were found. 


su.m.mahy 

1. Determinations of tlie number of red cells, llie hemofrlobin content, the 
packed red cell volume, and the specific <rravi1y were made on the blood of 
seven adult subjects ( five women and 1 wo men) at Stillwater, Okla. (altitude. 
910 feet) and at Denver, Colo, (altitude. .a.'iSO feet). These .same determina- 
tions were also made on the blood of oiu* of the men and three of the women at 
Eldora, Colo, (altitude, 8,720 feet). 

2. Althoush there was considerable variation in Die amount of re.sponse 
of different individuals, and in a numlier of eases no .si<rnifiennl ehanjre oe- 
eiiiTcd, increases in tlie number of red cells, in llie amount of hemoglobin, and 
in the packed red ceil volume were found in tbe majority of instances witli in- 
creases in altitude. 

3. Definite but insi<rnifienut inerea.ses in speeitie •jravily were found to 
occur in the majority of the eases with each increase in altitude. With few ex- 
ceptions. these eluuifjes in siiceifie jrravit.v were in the direction and of the approx- 
imate magnitude to be expected from the alterations in packed red eel! volume. 
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LABORATORY METHODS 


QENERAL 


AN ELECTKONTC DEVICE FDK THE LOCATION OF ^METALLIC 

FRAGMENTS IN VIVO'' 


Con Ff.nning, Salt Lake Cm*, Utah 


M OORHEAD lias called attention to a foreign body finder.' I ivish to call 
attention to a simple electronic device consisting of a minimum of pai-ts 
which can be used in a similar manner. It is self-contained in a portable case, 
measuring 6 by 6 by 6 inches and weighing 8 pounds. The circuit to be de- 
scribed may be so adjusted that it has discriminatory powers which may be of 
use in applications other than the localization of in vivo foreign bodies. 



The device in question is based upon a modification of an electronic circuit 
previou sly described.' The schematic circuits here shown (Fig. 1) illustrate the 

•Prom the Depnrtmcnt of PhnmmcolOB>- anti Phv.ttiolore Univerciti- t-. , ^ . 

Metllclne. Salt Lake Cit.v. i.ni\tr.tit> of Ltah School of 

Receivotl for pubHctitlon. June 12. 1542. 
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modification omploycH] in onlcr to convert tlic circuit to its ])rcsonl ad:ij)lntioii. 
l'’roni examination of llic two ciiamits it is oltvimis that tin? insertion of indne- 
tance I witii file elimination of tlic capacity picic-U|) ])ial(; rcitrcscnls the jirin- 
cijial clianoe. 

Inductance 1 is incorporated in the circuit l>y way of a shielded eondnrfor 
cable one yard in lenc|li. It is a small solenoid affixed to the tip of a locator 
probe 12 inches in lemrth, haviinj a diameter of (),S cm., and in tlic jiresent model 
is eonstrui-lod of fiber rod jirovided with a sterilizable pdass coverin". The 
eireuit constants arc so adjusted that when the locator tij) is brou!i:ht into the 
presence or in contact with metallic ohji'cts characteristic directional deflections 
occur on the ]iart of the indieatinir member of the inilliamineter ]daced in the 
plate eireuit. 

Table I shows the discriminatory direction deflections obtained wlien contact 
is made with the materials listisl. Of all the metals listed, iron or alloys of 
iron iiave positive deflections, wiiereas the rmnainder of the metals fiave neiiativc 
dellections. There is evidence that for efpiivalcnt surface areas soft iron has 
a "renter dcfleetiou factor than steel. Similar trends are ap))arent for metals 
which cause netrative deflections. <»n the other hand, if discrimination is not 
de.sired, the circuit constants may be .so ad.jusfod to provide positive or ncfrativc 
deflection for all metals. Experimental evidence indicates that it is possible to 
"pe.al:'’ ll)e eireuit in .sm-li a manner that maximum deflection may be obtained 
for any one of the .series of metals li.stod. 


TAm.r. T 

Tnr.F.cTioN or Pr.i.rKCTioN (Posirivr. or. Xro.vTivi;) 


Alotals: 

rr, : — • 


-Mutiiinutii 

- 


Aiitiiiienv 

- 


Bia.s.s 

- 


Cliroiniuni 

- 


Coljjitl 



Copper 

- 


Gold 

- 


Iron, roll 

+ 


Lend 

- 


Afngnc.sium 

- 


Moroiirv 

- 


iVickol 

- 


.Silver 

- 


Sodium 

- 


.Steel 

+ 


Tin 

- 

• 

Zinc 

- 


Nonniolal.s: 

Cement 

+ 


Fiber 

+ 


Gla.ss 

+ 


Alien 

+ 


Paper 



Wood 

4 


Solutions: 

Alcohol, ab.sohito 

I- 


Benzol 



Chloroform 

+ 


Ether 

+ 


Kerosene 

+ 


Water, distilled 
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A check of the iiiaxiinuin air distance bel'.veen the tip of the locator and the 
objective for the recognition by demonstrable initial deflection Avas found to 
average 1 cm.; however, there existed some differences in this respect with each 
metal tested. The maximum air distance shoiild be con.sidered in a relative .sen.se 
in view of tiie enhanced distance when using a larger probing inductance, and in 
view of tlie possilnlity of substituting a more .sensitive meter in the plate circuit. 
On the other liand, a smaller probe possesses attributes not po.sse.ssed by larger 
pi’obes by Aurtue of its smaller .size. 

The surfaces of nonmetallic objects were tested, and the maximum air dis- 
tance for a recognizable change was found to be veiy .small — 1 mm. or le.s.s — and 
in most instances contact was essential. In all objects or liquids te.sted a slight 
positive deflection occurred. As with the metals the deflection factor varied 
somewhat with each solution. When metallic objects were te.sted under water 
or other liquids, the directional changes noted on deflection were the .same as 
those observed in air. The maximum water distance for recognizable initial 
change was at least as great as or greater than that found in air. 

Experimental implantation of metallic iron and copper te.st objects (mea.sur-. 
ing 2 cm. by 2 cm. by 0.5 mm., 1 cm. by 1 cm. by 0.5 mm., 0.5 cm. by 0.5 cm. by 

0. 5. mm., and 0.25 cm. by 0.25 cm. by 0.5 mm.) was made in the dog. All im- 
plants of the above sizes were readily located beneath the skin — skin hair on 
or off, wet or dry. Deeper burial in the ti.ssue.s beneath the surface of the skin 
were also readily located, provided the locator tip was within a distance of 1 cm. 
or less of the object. Similar implants placed in the abdominal carfty were also 
readily located. 

Actual operation as a foreign body locator is as follows: Sw, is turned 
on. is rotated to introduce additional shunt resistance in parallel uith the 
meter. The deflection of the meter is controlled to desii-ed scale point by ro- 
tation of R,. Locator is applied to region involved. On contact a small positive 
deflectioir occurs. The locator is then moved from one point to another, and any 
change in deflection, positive or negative, is noted. When .such is manifested, 
the locator tip is manipulated in direction and depth in order to secure the 
maximum sustained deflection. When sirch is obtained, the tip of the locator 
is very near or in contact ndth the foreign metallic body. ^Maximum deflection 
results when the tip surface is parallel to the .surface of the object and the 
minimum deflection results when the tip sui-face is at i-ight angles to the surface 
of the object. 

KEFEREXCE.S 

1. Science. Suppl. 95: S. 1942. 

2. Penning. C.: J. L.vn. & Ci.ix. Med. 22: 1279, 1937. 



USE OF THE PHOTK()XIx‘EFl>E(.TO.METEH FOR OETER.MINATIOX OF 
THE Ol’TI.MAE RATIO BETWEEN FXEI::M0U0(M :US TYRE I SSS 
AXI) AXTIPXEU.MOC'OUI’US TVl’E 1 RAIBHT SERUM 


OoN.M.i) S. Mautin, MJ).. Di’ijiiam. X. C. 


ix'i'Konn'Tiox 

'T’JIE opliinjil proportidiis iiictluKl xil' pn-fipiliii (ili-jitioii. iiilrdtlufwl l)y Ociiii 
and Wol)])' in was I)as(“<i tijion (licir o])scrvation that in a series of inix- 
tiires containing constant amounts of antiscnim anil varyiii"’ amounts of aiitiucn, 
the fastest jn'ccipitaf ion occurred in that mixture which cotilained antigen and 
antibody in optimal proportions. Since this techniiiue reijuires visual comjiarisnn 
of the relative reaction sjieeds in a numiier of tubes, its usefulness as a quantita- 
tive method ol preeijiitin titration is limited. Oonsequeiitly, more accurate 
evaluation oi the ipiantitative relationsliips between antifren and antibody in the 
precijiitin I'caction" has ri'sulted from the use of the ob.jective quantitative 
chemical method ol precipitate analysis de.sei’ibed by lleidelluu’fxei' and Ivcndall." 

Although the ojitimal proportions principle has been challenged on a thco- 
rotienl basis by Ileidellx'rgm’ and Kabat.' the Dean-Webb jirocedure orfeis the 
only available moans of determining separate antibody titers in sera contain- 
ing more than one antibody when tested with solutions containing more than one 
antigen. Titration ol individual antilxKlies in such a system is of great im- 
portance in the study o) oross reactions, particularly in di’termining the j>roj>er 
ab.sorbing dose ol antigen. In absorbing an antiserum containing one or more 
antibodies with a solution containing multijile antigens, exhaustion of the 
■homologous precipitins can be attained only by leaving a suiiernatanl containing 
different concentrations of each antigen to interfere with suirseipient te.sts for 
residue antibodies. 

It was lelt that tiie jiroljlein of precijiitin titration in complex .systems was 
of sufficient imjiortancc to .justify the reinve.stigation of the validity of the Dean- 
Webb optimal ratio. This jiajier describes a jiliotoelectric method for recording 
the rate of jirecijiitation and shows tliat liie ojitimal jirojiortions jirincijilc can be 
used for accurate precipitin titration. The ajijilication of the method to the 
titration of antiijodics in complex antigen-antibody s.vstcms will be jircsented in 
a later paper. Since the photoelectric method has never before been ajijilied to 
the problem of measuring precipitation rates in antigen-antibody mixtures, the 
teehnique i.s described in detail. 

LITEKATL'IUC 

RamoW was the first to show that the antitoxin titer of a serum could be 
estimated by ob.serving the first lube to flocculate in a series of tubes containing 

•From the De|)anni(.'nt.s of nacteriolody arul Medicine. Duke Dnlvcr.^itv School of Medi- 
cine and Duke Hosidtal, Durlmm. 
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constant volumes of toxin and varying: amounts of antitoxin. Dean and AVebb’ 
reversed the procedure, using a constant volume of serum and varying quantities 
of antigen. Alarraek” has referred to those two methods a.s the alpha (constant 
antibody) and the beta (constant antigen) procedures. Brown" compared the 
two methods and introduced a third gamma procedure wliicli wa.s canned out 
after flocculation was complete in the beta series. The tubes wei'c inverted Bnce, 
resulting in clispei’siou of the flocculos in some of the mixtures. Brown concluded 
that there were three types of antigen-antibody I'eaetions, which she described 
as follows: A tyjie of reaction illustrated by the diphtheria toxin-antitoxin re- 
action. in which the alpha and beta flocculation zones coincided; that illustrated 
by the pol.vsaccharide-antibody reaction, in Avhieh the alpha and beta methods 
yielded different flocculation zones but could be made to coincide by u.sing the 
gamma technique; and that illustrated by the reaction between certain fractions 
of Immau serum and homologous antisera, in which the alpha and beta titx’ations 
differed and could not be made to agree by the gamma method. 

The argument concerning the relationship of the alpha and beta optimal 
zones may have resulted from differences in opinion concerning the interpretation 
of the word ‘'floecule. ” There is no logical basis for reasoning that the fastest 
reacting mixture in a constant antibody series should neee.ssarily be the fa.ste.st 
reacting mixture in a constant antigen series. Flocculation, however, is a differ- 
ent phenomenon and is evidently related to the proportions of antigen and anti- 
body in the mixture. This is suggested by Bromi s' work shoeing that the 
floecules in certain mixtures could be dispersed after equilibrium had been estab- 
lished, bringing into agreement the different values obtained by the Ramon and 
Dean-AVebb methods in the polysaccharide precipitin system. 

The difficulties, inherent in the interpretation of results by either method, 
are illasti’ated by the work of Taylor,* who reported in 1931 that an optimal 
Dean-AVebb ratio could be obtained for the horse serum antigen-antibody re- 
action, but that there was no optimal zone in the same .system when titered by 
the Ramon technique. Increasing concentrations of antiserum caused only a 
speeding up of the reaction without any evidence of inhibition by exce.ss anti- 
body. In 1933, u.sing hor.se .serum and cry.stallinc egg albumin as antigens, he'’ 
reversed his p?-evious position and stated that the reaction was inhibited by 
antibody excess. 

Although Dean and AVebb stated -that the optimal mixture was the fastest 
reacting mixture in a constant antibody-varying antigen series, the reactions in 
the tulxes were described as proceeding from opalescence to turbidity, partieula- 
tion, and finally flocculation. Since opalescence often appeared in several tubes 
simultaneously, they suggested that the optimal tube was detected easiest if the 
reaction were read shortly after particulation occurred, preferably at the time 
the particles were incieasing in size. However, after equilibrium has been estab- 
lished in a constant antibody series, the greatest weight' and largest volume’" 
of precipitate arc found in mixtures containing exce.ss antigen and not in the 
optimal reacting mixture. This empha.sizes the fact tliat a.s tile reaction 
progresses, there is a shift in particle size toward the region of antigen exce.s,s 
suggesting that the mixtures should be compared as early as jms.sible'in the re- 
action. 
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oj.tiniat j.rojmrtions 

piniciplt liave licon oxpirsscl l,y Jli-i.!,.!}..-!-..!- and Kaliaf as rollows: 

voloVilr'nv '*’■ ■>’-^«l"tina»i...i miction Die factors indnenciny the 

is no ndc (‘i) the position of 11, c flocculation optimum 

dih t d ? *’"■ <n-antihn,lvho 

so tinl the „"il “ptinnun at the point of antibody exhaustion, 

content f ^ tl"‘ iX'tnal at'trlntinin or im-cipitiu 

conient ol a serum. ' ‘ 

not vicIrV*'"'!* Kielliod of measnrin'r tirecipitation rates does 

difie'rencp the actual .sjiecd of antiuen-aJitihodv union, 

precipitated part icies can 

to td in since they refer 

internrel-ilif ^ '*'! ^ “’><• nre siili.jeet to tile difiereucos in 

mteipietatum discussed above. 

for tili-n1o* 7'^ difTieuIlies are involved in prejiariiifr a .series of inixfiirr.s 
elm : lo l><-m.-WeI,h or Ha, non method. For aeenrate visual 

ncariv sin U "ptimal and ad.jaeenl ttihe.s, the mixtures should he made as 
^ simnitaneous niixintr is ap- 

verselv mixing of the reairenls must decrease, Con- 

iutorvV) "Ji'isnument and tlioron<;h mixini: eanse a widenitnr of the time 

ei hv , 1 »*■ '•»' tubes in either .serie.s, ereatiiitr difii- 

det-iil and '7'''*^^' ‘'‘’”d*<*>‘'sons. Smith” di.scnssed the proliJcm in 

projier mi.xiu-r''*^'' ^ oeeurrenee of double zones mi.!:ht he ean.sed liy iin- 

m-ide sc^m' I’K'-senti'd here ai-oids thi'se diffirultie.s. since eaeli mixture is 

is recor P 1*' ^ 7 '** '■‘‘aelion, measured i,v jihotoeleetrie means, 

I.S lecoidod permanently ami is available for ..ompari.son at any time. 

MATiaiiAus AM) Mirrnons 

ments The i ^ P^dysaeeharide was used in all e.\j)eri- 

d! 'T'!-';™’: t 

Institute foe Am . I *T) * 1 ' ’!• Fivers of the Hoekcfcllcr 

the ledeclc / 1 ^ ''‘'‘’ther hatch of material was obtained from 

s-dinell^- ^ ‘""i "-as dissolved in snflieient O.Sf, ],er cent 

serum ^ refined anlij)neumoeoecus type I rabbit 

sernL ! ^-'»’>«»«><«r'es. The antiiiodv content of ibis 

scuim as determined ,n these laboratories, was 5.7 mfr. antibody N per milliliter. 

- ® was clio.son liecanse its usofid- 

-s nt le precipitin reaction had been demonst rated by Idhby’-’- ” and Bnkanlz, 

oopei am u o\ui \\ 'o s '0"cd that the ])mnimoeoeen.s polvsacebaride content 
of a solution could be determined by oKserviujr the salvanoineter chdocihn at a 
constant tune interval after mixing. This instrument is consfrueted with a small 
black circular disk in the center of the photoelectric cell diroctlv o]i])ositc the 
circular window of the cliamber containing the mixture. Cotiseqiientl.y, the 
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galvanometer reading is dependent njion the nunibcr o[ light rays deflected by 
particles in the ebainber impinging on the periphery of the photoelectric cell. 

Prcliminaiy observations showed a short but definite lag in galvanometer 
response wlien a stable vaccine snsjjcn.sion was introduced into the apparatirs. 
Before each experiment, the galvanometer was adjusted to give a reading of 
10 on the .scale. Introduction of the clean empty chamber always caused a shift 
to a value between 2 and 3. The deflection of the empty chamber %vas determined 
before each experiment, and this value was subtracted from all readings made 
during the experiment. 

Accuracy. — Sixteen determinations were made with a sample of diluted 
t.vphoid vaccine. Four different chambers were used, washed between each de- 
termination, and the readings were corrected for the deflection of the empty 
chamber. The highe.st deflection was 39.9, the lowest 38.3, the mean 39.0, and 
the standard deviation 0.40. Since tlie precipitation reaction involves two 
reagents and introduces errors in measurement, mixing, and timing, 10 sepa- 
rate experiments wei’c done, using the same antigen and antibody solutions. 
Readings made five minutes after mixing showed a maximum of 56.6, a minimum 
52.8, mean 54.0, and standard deviation 1.34. 

Temperature Controls. — All experiments were done at room temperature 
(2P to 22° C.), the serum and antigen dilutions being kept in a room tempera- 
ture water bath until used. However, it was observed that the temperatui’e of 
the fluid in the chamber rose as much as 6° C. in five minutes if the apparatus 
had been used for seven or eight consecutive experiments. This was controlled 
partially by continuous passage of a stream of air through a tube inserted in 
one of the ventilating holes of the apparatus and disconnecting the machine from 
the electric current for a five-minute interval between experiments. The tem- 
perature rise was not eliminated but could be reduced to an almost constant value 
of 2.1° C. for each five-minute experiment. 

Method of Mixing. — llixing of antigen and antibody was accomplished by 
expelling 1.4 ml. of the antigen solution into a Wa.ssermann tube containing 
1.4 ml. of diluted serum. The mixture was drawn back into the pipette and ex- 
pelled twice. The third filling of the pipette was transferred to the chamber 
previously placed in the apparatus. 

Reading Times . — An assistant started a stop watch at the time the antigen 
solution was expelled into the serum. Galvanometer readings were made at 
ten-second intervals for the first minute, at fifteen-second intervals during the 
second minute, and at thirty-second intervals for the remainmg three minutes. 
Except for the preliminary observations, all experiments were teminated five 
minutes after mixing. 

Supernatant Examination . — After each experiment the chamber contents 
wei-e poured into a Wassermann tube and placed in the icebox. After centrifusa- 
tion the next morning, each .supernatant was tested with three dilutions of anti- 
body and three dilutions of antigen. 

Calculations.— Each deflection was corrected by subtracting from it the de 
flection of the empty chamber. A second correction was made lor the deflection 
caused by tl.e control serum. Because of slight bublfle formation the intro 
duction of control serum-saline mixtures caused an increase in deflection followed 
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l)y Ji .slow drift lincl; to a .slaliilizod valiio in thirty to forty srroiids. Tlic riaitra! 
valnc.s at tiie a])i)ro]iriat(' linio intio-vals woro suht ractrd from ai! rr-adiiius iiiadr 
duriniz racii aiitiyoii-antiiiody (‘Xiioriinont. 

KXIT.KtMKNTAI. 

J'Jfirrf (if Fhiccuhtlian on Oid vnuomi Irr /.)r/h rfooi,- -Since iloeculatioii is fol- 
lowed liy a sottliii"' out of tlic i>rccipiliite in tlic clunnlter. this cxpcriiiiciit was 
planned to dcterininc the ('ffcct of }>rolon' 4 <-d inenhation on the yalvanonictcr 
dolleelion. The data, ohlainod heforc the temperature control experiments were 
done, were not as accurate as those* ohtaiiusl later, hut the results illiistrateil 
the limitations of the tnethod after tloer-»dati(»n had occurred. 

The mixturi's were made in the nsna! way. hut after reeordinu the deiieetioiis 
for the usual five-minute periods, the eonteiils of eai-h ehamher were poured into 
Wassermann tuiies. At vaiious intervals over a 1 wo-and-a-half-lionr period, each 
mixture was shaken, idaeed in the ehamher, ami the delieetion reeorileil. 



Fib. 1. — Donectlon tliiio ruivps obtalnvil wlUi ron.stnnt ninoiint.= of nnlUinily loi'l '’nrlou- 
concentration.s of :intlf,'pn ov.-r tv i.criovl of two ivm) onp-litiir lioiir..*. Open rliele.-* Imactitc (S- 
ce.ss .'intlgen vv.-vs founil in the .“upernatant. Croe.'-eM Inilletile Uitil exees.^ antihoviy wa.s m'ly'; 
in tile Kuporniitiint. Clo.soil elrcle.s Inilicate that neither anUK<-n nor antlhodv was fouial i» t*'* 
sujfcrnatant. 


The results, ])lotlcd in h'itr. 1, sliowetl tliat if olisei’vations were continued 
over a Ions period of time tliere was ;i •rriulual fallintf off in yiilvanometer de- 
flection in the optimal mixture and in mixtures eontaininjf exee.ss anti.aen. Since 
settling of the precipitate was excluded hy shaking of tlie mixture before placing 
in the chamber, the fall in deflection resulted from a decrease in the iimount of 
light reflected from the precipitate due either to a reduction in sui-face-volumc 
ratio or to the absorption of light rays hy tliese very dense susi)ensions. The 
precipitates in these mixtures were large and floeeulant in contrast to the finely 
divided turbid suspensions found in all mi.xtures containing excess of antibody. 
Although the falling deflection indicated floceule formation, there was no sharp 
end point and flocculation time could not bo e-stimated. Since none of the mix- 
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tuves showed a decrease in galvanometer deflection during the first five minutes 
of observation,, all subsequent experiments were terminated at this time inteiwal 
after mixing. 

Optimal Proportion!: in Various Antipen and Autihodij Concentrations . — 
Each of 11 serum dilutions, varying from 1 ;6.25 to 1:200. was te.sted with nine 
concentrations of antigen, varying from 1:5 to 1:1,280 dilutions of the stock 
solution containin," 1 mg. of polysaccharide per milliliter. All dilution figures in 
the tables and charts are corrected to give the concentration of each reagent per 
milliliter of mixture. 

Table I 


Cor.r.Ei'TED G.vlvaxometeu Defi-ectioxs With Serum Diluted 1:100 axd Various 

COXCEXTEATIOXS OF AXTICEX 


TIME IX SECONDS 

AXTIGEX DUA'TIOX 

1 :2,3<i0 

1:1,280 

1:040 

1:.320 

1:100 

1:80 

j 1:40 

1:20 

1:10 

10 

0.-2 

0..3 

0.0 

0.3 

; 0.5 

0.9 

WKmm 

0.8 

0.7 

20 

0.1 

0.1 

0.1 

0.8 

j -.2 

5.1 

■H 

2.1 

1.0' 

30 

0.1 

0.1 

i 0.3 

9 9 

1 5.0 

11.1 

■rnioH 

5.0 

1.7 

40 

0.0 

0.1 

0.0 

3-7 

1 7.9 

16.4 


S.7 

2.7 

oO 

0.0 

0.1 

0.S 

4.9 

10.7 

20.4 

21.5 

13.0 

3.8 

eo 

0.1 

0.4 

1.3 

0.1 

12.0 

23.3 

25.9 

17.1 

5-0 

75 

0.1 

0.5 

9 O 

7.6 

14.9 

27.0 

30.9 

22.7 

8.7 

90 

0.1 

0.7 

2.7 

8.0 

10.6 

29.2 

34.3 

20.9 

11.5 

10.5 

0.1 

0.8 

3.4 

9.4 

17..S 

31.0 

37.0 

30.2 

14.3 

120 

0.2 


.3.9 

9.8 

19.0 

32.0 

39.2 

32.9 

16.9 

150 

0.5 


4.7 

10.7 

20.7 

34.9 


30.8 

i 21.1 

180 

o.s 

1.9 

5.1 

11.0 

22.0 

.30.9 

1 45.0 

39.6 

24.1 

210 

0.9 

•2.1 

5.7 

12.0 

23.1 

38.5 

1 40.7 

41.2 

1 20.1 

240 

0.9 


5.8 

12.7 

23,9 

39.7 


42.7 

i 27.4 

270 

1.0 


0.1 

12.9 

24.8 

40.8 


44.1 

1 28.2 

.300 

1.1 


0.1 

13.0 

25.3 

41.8 


44.8 

; 29.0 

Supernatant examination 

KXf'ess antigen 


1 

- 

1 - 1 


- 


i ^ 

-i. 

Excess antiboily 

- 

1 

- 

t - 1 


- 

- 

i 

- 


In Table I are listed the corrected galvanometer deflections obtained Mith a 
constant amount of sei’um (final dilution 1 :100) and vailing amounts of antigen. 
The data for all constant antibody series were similar. These data ai-e plotted 
in Fig. 2 as deflection-time curves to show the progre.ss of the reaction for each 
antigen dilution. Initially, the most rapid precipitate formation occurred in the 
mixture containing antigen diluted 1:80 (clo.sed circles), the supernatant of 
which contained neither antigen nor antibody. lYith smaller amounts of antigen 
(region of antibody excess) the precipitate fonned more .slowly (crosses). The 
maximal five-minute reading Avas obtained with antigen diluted 1 :-10, the .super- 
natant of which was found to contain an cxee.ss of antigen (open circles). This 
dilution of antigen, however, caused a slower initial rate of precipitation than 
that ob.servcd with the optimal antigen dilution. Ilore concentrated antigen re- 
sulted in a further .sloAving of the reaction and a lower galvanometer deflection at 
the end of the experiment. This was confirmed by all constant antibody series- 
in which the deflections did not exceed the limits of the galvanometer .scale duriim 
tlie five-minute jieriod of observation. 

The crossings of the time-<leflection curves in the.se experiments illustrate 
the dangers of interpreting results from a single observation at a simde time 
interval. For example, the same dilution of serum (1.-100) will -ivc the same 
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reading (approximately 20) at llic same lime interval (apj)roximately one 
hundred and forty seconds) after mixing with antigen diluted either 1:160 or 
1:10. It is obvious that one must know either the slmpe of the curve or work 
only within a specified range. 



Fig. 2. — Deflection time curves ofltiilneci witli constant nniounts of nntll)oil.v iind v.nr.ving dlUi- 
tion.s of antigen over a .'i-ininutc period. Symbols arc tlio same a.s in Fig. 1. 



Fig. 3. — Deflection-antigen dilution curves obtained at various time intervals after mixing. 

Symbols are the same as in Fig. l. 
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In Fiir. 3 llioso snino diila arc jiloltcd inon,' <-onv(MU(>iilly witli antigen dilu- 
tions as alisfissao. I’liis sliows again llial tlie 1 :S0 antigen dilution preeipitate.s 
fastest during the first thirty seconds. At forty .seconds the 1:40 dilution ha.s 
caught up with the optimal dilution, and after fifty seconds the greate.st deflection 
is obtained with the 1 :40 dilution. 


Tari.k II 


Cor.r.rrrnD G.viAWNOMF.TF.r. DEFLF.rTioNs or thf, Leadiko axd Ad.f.wf.kt Tubes fop. Vap.ious 
Dii.utioks of Aktioek aki) Sebum at Sionificakt Time Intep.vai.s 


sKnrM 

DILUTION' 

TIMK IN' 

SLCONDS 

AN'TiritlX DILUTION 

1:1140 

1 ::’.20 

1:100 

1:80 

1:40 

1:20 

1:10 

1:400 

150 

0.0 

1.0 

0.5 





1:282.0 

40 

0.7 

1.0 

o.s 

0.0 





240 


7.1 

7.2 

4.0 




1:200 

40 


0.5 

1.0 

0.0 

0.5 



1:200 

210 


0.5 

10.8 

11.4 

.5.8 



1:141.0 

40 


0.3 

1.4 

1.1 

0.8 

0.6 


1:141.0 

105 


3.5 

0.5 

9.9 

9.0 

7.0 


1:141.0 

210 


S.7 

17.1 

20.0 

20.7 

IS.C 


1:100 




O Q 

3.1 

4.1 

2.1 


1:100 

40 



7.9 

10.4 

1G.5 

8.7 


1: 70.60 

10 




2.1 

2.7 

2.0 

0.9 

1: 70.00 

50 




27.2 

30.0 

36.4 

22.3 

1: 50 

10 





15.0 

17.0 

9.6 

1: 05.33 

10 





32.8 

41.3 

39.6 

1: 25 







57.1 

Off scale 


The deflections of the optimal mixtures are italicized. 


The optimal ratios obtained over a fairly wide range of semm dilutions are 
illustrated by the data presented in Table II. A deflection of 1.0 scale unit was 
chosen arbitrarily as the smallest value indicating a significant difference in the 
amount of precipitate. The data in this table were selected to show only the 
deflections of the optimal and adjacent tubes at the earliest time intervals that 
significant differences could be mea.sured. The deflection and shifting times of 
the optimal tube to the mixture containing more antigen are included. These 
data are plotted in Fig. 4, which shows the re.s'ults of testing the supernatants for 
antigen and antibody and indicates the straight line relatiomship of the optimal 
tube to both the antigen dilution and the serum dilution. It illustrates also the 
important point that except in the region of concentrated antibody, the firet tube 
to show definite precipitation lies in the I’egion in which neither antigen nor 
antibody is present in the supernatant. The maximal five-minute deflection, how- 
ever, occurs in the region of antigen excess. 

Constant Antigen-Varying Antibody Series. — The data, rearranged to com- 
pare the reaction speeds obtained with constant amounts of antigen and vam-ing 
concentrations of antibody, showed that no antibody dilution was optimal for 
any concentration of antigen. The speed of the reaction increased as the anti- 
body concentration was increased, and in no instance did excess of antibody cause 
inhibition of the precipitation rate (Fig. 5). 

Relationship of Antigen Concentration to Galvanometer Deflection in Region 
of Scrum Excess. — The observations of Bukantz, Cooper, and BuIlowa'“ are con- 
firmed by the data presented in Table III, giving tlie five-minute readings ob- 
tained in the regions of serum excess. For antigen dilutions vaining^from 
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1:1,280 (o 1:1()0, (lie iriilvimoiuoli'i- (icficclioii wii.s (iircedy iiroporlioiiiil (o ([le 
iuitifion concent fill ion, ])rovi(lc(l scnini \v:is ":rc:illy in excess. One nnit on the 
scale represented an avi'raiie concent rat ion of 0.2'> "aninia of iiolysaeccliaride 
per niillilitc'r of mixture. 'I'liese data are jilotted in l•’i^^ (i. nsiim tlie lo"aritlmi 
of tlie live-ininnte readings to show the s(rai»lit line relationshij) hetween the lo" 


1/25 

1/3533 

s 

a 1/50 

lU 

(/) 

1/70.66 

u. 

o 

I/lOO 

z 

p I/I4I.3 

13 

3 1/200 

1/282.6 


1/400 


1/2560 1/1280 1/640 1/320 1/160 1/80 1/40 1/20 l/IO 

DILUTION OF ANTIGEN 

Kip. -J. — Optinial antipen (llUition.*^ for var>'lnp dilutions of serum. Tlio Hpurc witliln 
each circle reiu’o.'^unts llm earllo.st lime interval after nilxitu: at whieli the ileilection of the 
indicated mixture was slpniricantly Idpher than deileetions ohtalnetl at the sinue time interval 
with other concentrations of antiuen. The le.^tiiU.^ of .'<upernatant examlnatlfins are .shown by 
the seniicirclc.s, thu.«e on the rlpht <if the chart in<dcatlnp e.we.ss antlpen and those on the left, 
excess antibody. 
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pif. 5 Deflection - time curves obt.nined rvith constant amounts of antisen and varvins 

■ ■ amounts of antibody. Symbols are the same as in Fis. 1. 
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sr,n\:yi muvTio's 

.vXTioKN iin.rTiON 

1 :1.2S0 

1 :tMO 

1 :520 

1:100 

1:S0 

1: 12.5 

• 

7.0 

15.0 

i 25.2 

59.0 

1: 17.t>(i 

5.1 

0.2 

. 12.(; 

2-t.O 

40.1 

1: 25 

i 5..5 

i 

12.7 

25.1 

41.4 

1: 55.55 

•> o 

(>.5 

12.0 

25.5 

41.2 

1: 50 

5.0 

o.s 

12.0 

24.2 

44.9 

1 

2.7 

0.2 

12.5 

24.S 

45.0 

1:100 

2.0 

t).l i 

15.0 i 

25.5 


Ate.-in 

5.1 

0.0. 

12.S 

24.0 i 

41.7 


Weirrht (in "ammit) of p(ily?nftph;iriilc rnusinp: (Ipflection of one scale division 


0.25 I 0;24 0.25 | 0.26 [ 0.30 



Fig. 6. — Deflection-antigen dilution curce.s obtained five minute.s after mixing, illustrat- 
ing that in the region of antibody exces.": there is a straight-line re!ation.ship between tlie 
galvanometer deflection at con.stant time and the antigen concentration. Symbols are tlie 
same as in Fig. 1 . 


of the deflection and the log of the antigen concentration. Thi.s chart inclnde.s 
also the results obtained in the region of excess antigen (open circle.s) and the 
optimal antigen concentration (closed circles). JIaximal deflections Avithin five 
minutes were not attained, as a rule, in the optimal mixtures, but it is possible 
that these mixtures might have attained the same deflection as those uith exce.ss 
of antibody if observations had been continued for a longer period. 

mscu-SSTON 

No conclusions can be drawn from these experiments concerning the actual 
rate of reaction between antigen and antibody. The instniment records onlv the 
amount of light striking a photoelectric cell after reflection from particle.s pre- 
cipitated during the reaction, and there is no evidence that the galvanometer de 
flection is a function of the weight or the volume of the precipitate Further 
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more, no simnifioiinoo ciiii 1)0 attnoliod to llio .s)i;i])e of llio dolloclion time ctirves l)o- 
canso tho incroaso in (lolleclion can result from an increase in llic ninnl)er of 
particles of uniform size, inci-ease in size of a uniform nnniher of particles, ora 
summation of holli factors. 

Allhoiifrli the pnrpo.se of tlie.se experiments was to (ieveloj) a procedure wliicli 
could be apjilied to the jiroblem of precipitin titration in comjilcx antii'on- 
antibody systems, llie results indicate that it has certain advanfaecs over other 
accepted methods of quantitative analysi.s. Since tlie ojitimal iiroporlions prin- 
ciple is valid over a wide ranire of antiiren-antihody dilutions, titration requires 
only one dilution of .serum. With tho refined antipneiimococeus type I antibody 
used in these experiments, a comiilelc titration was jm.ssible with 14.0 ml. of a 
1 :100 dilution of serum. 

The method is not only more oeonomie of materials but is le.ss time- 
consuming:, a comjilete run reipiiring aiiproxiniateiy two hours. In eomjiari.son 
with the Dean-Webh procedure the ))hotoelectric method is much more advan- 
tageous becau.se it allows time for accurate measurement and thorough mixing of 
materials. It removes also any doubt concerning the ojitimal lime for reading 
the reaction, since these cxjierinients have demonstrated that the optimal ratio 
is determined by noting the fa.ste.sl reacting mixture as early as jio.ssihle in the 
reaction. If the reactions are compared later, the greatest deflection is found in 
tho region of antigen excc.ss. 

The ojitimal ratio, as determined by this method, jirobably eonx’sjioiuls to 
the equivalence jioint described by Heidelhergcr, since Culbertson"’ showed that 
the “neutralization” point, as determined by absence of both antigen and anti- 
body in tho .supernatants, agreed with the results obtained by the chemical 
method of analysis. A further agreement between the ojitimal ratio method and 
the chemical method is evidenced by calculation of the number of molecules of 
antigen and antibody reacting at the optimal point. Assuming a molecular weight 
of antibody to be 160,000, the number of molecules in 0.01 ml. of this .serum, con- 
taining 5.7 mg. of antibody N, or 35.62 mg. antibody jirotcin jicr milliliter is 13.5 
by lO’b The antigen dilution optimal for 0.01 ml. of .scrum contains 0.0125 mg. 
SSS per milliliter. Assuming a molecular Aveight of 5,000, this antigen dilution 
can be calculated to contain 15.1 by lO*'* molecules of SSS jmr milliliter, suggest- 
ing that the antigen and antibody molecules combine in a 1 :1 ratio when mixed in 
optimal jiroportions. 

Culbertson"’ emphasized the great inaccuracies of the jmpular antigen- 
dilution method of jAreeijAitin titration, ha.sed ujion observing the greatest dilution 
of antigen causing a visible precipitiite Avith constant amounts of antibody at 
equilibrium. His contention that such a method aa^s applicable to the titration 
of antigen content and not to the determination of antibody content is confirmed 
by these experiments Avhich demonstrate that if excess antibodj’ is jAi'csent, the 
gah^anometer deflection after a suitable time inteiwal is dependent on antigen 
concentration alone. Bukantz, Cooper, and BulloAva"’ suggested that the anti- 
body content could be estimated bj-- observing the galvanometer deflection at a 
constant time inter\'al and noting the concentration of antigen yielding the 
imaximal deflection. HoAveA'er, the maximum deflection in a constant antibody 


MAUTIX: I'HOTlU)Nl!i;rMXT()Min’KK I’OU DKTKH.MI.VATIOX OK KATIO SSI 


series is atlaiiiod always in llio region of antigen excess and, tlicrefore, cannot 
be used as a measure of anlihody concentration. 


.SrMMAKY AND COXCLUSIOX.S 

A pliotoclcetvic melliod for dofermining flic relative precipitation rales ob- 
tained with various concent rat ions of antigen and antibody is de.seribed. The 
advantages of this method over the original procedure dcscrilied by Dean and 
Webb may be summarized as follows: 

1. The various dilutions of antigen and antibody can be measured accurately 
and mixed thoroughly. 

2. The I'clativc precipitation speeds can be determined early in the reaction 
at the stage which has been shown to be the optimal time for comparing the 
various precipitation rates. 

3. The data are obtained objectively and can be recorded permanently. 

From a study of eleven constant antibody-varying antigen serie.s, using 

pneumococcus type I polysaccharide and antipneumococcus tj-pe I rabbit serum, 
it has been shown that ; 

1. The fastest initial precipitation occurs in the mixture in which antigen 
and antibody are in optimal proportions, as shonm by absence of both reagents 
in the supernatant. 

2. The maximum galvanometer deflection is obtained in the region of antigen 
excess. 

3. The galvanometer deflection five minutes after mixing is directly pro- 
portional to the antigen concentration, pro’i'ided excess antibody is present. 

Comparison of the rates of reaction obtained in nine constant antigen- 
varj-ing antibody series shows that no dilution of antibody is optimal for a con- 
stant amount of antigen. Progressive increases in antibody concentration result 
in progressively faster precipitation, excess antibody causing no inhibition of the 
reaction. 

The clo.se agreement of Heidelberger’s “ecpiivalence point,’’ Culbertson's 
“neutralization point,” and the optimal ratio, as determined by this method, are 
discussed. 
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TJIK KAIIX VHlflKK'ATIO.X TH.ST IX MALAKIA 


Ai.iiKKT Dr; (I'liOAT,® Ca.mi* IffCKi:it. Ala. 


K AIIX liti.s rofeiilly piihli.slied a vei-ilicalioii Ic.st’ fof (ho tloleolioii oi‘ t’.-il.se 
])o.sitivc roaotioii.s in the .sofoloLT of .s,vphilis. .More i-ecetill.v, Ktihn, JlcOer- 
luotl, and iMareus- and .laeoiisthai • have repoided lltal ihi.s lesl is eapaltle of 
diffemitiatin'r po.sitive seroloyie wielioii.s in syjthilis ffoni llioso oeoiiiTiiif: in 
malaria. An opiiorlunity was afforded me In tipply the verifteafion lest to a 
<rroup of clinieally non.syphilitie .soldiers with malaria who pave positive sero- 
lop-ic reaetions for .s.vphilis. This article will jn-esenl tlie results olttained. 

TJic verificiitioa te.st i.s lai.-'cil on the priaeiple that j-yjihilitie serums piviiip positive 
serologic reactions show under proper coaditioiis mote marked preeipitation at 37° tlitm 
at 1° C, (sypliilitie tyi)e of retictioti), while iionsypliilil ie seriinis giving positive rcaction.s 
show under tlie .same conditions more m.arked preeipitation at 1° tlnoi at 37° C. (general bio- 


Taiii.k 1 

SKnoi.ome IlKeonn or C.).sks 


XA.ME 

PATE 

K'AUx ni 

STAXIUlII) 

TKS'r 

:acti()x.s 

i*K!:srMi*Tivi; 

TKST 

tJl'ANTlTATIVK 

.SKltOI.OfilC 

FNIT.S 

VKiariCATioK 
TK.ST (TVPE or 
PKAf-nON) 

.1. z. 

10/24/4 1 

Pos. ( -r + -r -r ; 

Po.s. ( + + -r -t- ) 

200 

General biologic 

N. A. 

11/ 3/41 

Nog. 

Meg. 

0 

General biologic 

M. T. 

11/ 3/41 

E'eg. 

Meg. 

0 

Megative 

Jl. J. 

11/ .3/41 

Meg. 

Meg. 

0 

General biologic 

T. F. 

11/ 3/41 

Meg. 

Po.s. (-r-r-i) 

0 

General biologic 

E. H. 

11/ 3/41 

Meg. 

Meg. 

0 

General biologic 

AAA C. 

11/ .3/41 

Pos. (■*■■ 1 +) 

Po.s. (+-r + -r) 

3 

General biologic 

lAI. K. 

11/ 3/41 

Meg. 

Meg. 

0 

Megative 

II. C. 

11/ 3/41 

Pos. (-s-f-r-s) 

Pos. (+ + + +) 

SO 

General biologic 

A. L. 

11/ 3/41 

Meg. 

Meg. (+) 

0 

Genond 

P. AA',* 

11/ 3/41 

Meg. 

Meg. 

0 

General biologic 

AA’. .1. 

11/ 3/41 

Meg. 

Meg. 

0 

Negative 

C. A. 

11/ 3/41 

Nog. 

Pos. (+ + -S) 

0 

General biologic 

.1. Q. 

11/ 3/41 

Pos. (+ +} 

Po.s. (+ + + +) 

o 

General biologic 

R. M. 

11/ 3/41 

Doubt. (+) 

Pos. (+ + + +) 

1 

General biologic 

D. L.* 

11/ 7/41 

Pos. (-r -s -r •»-) 

Po.s. (+ + + +) 

40 

General biologic 

E. G. 

11/ 7/41 

Pos. (+ + + + ) 

Pos. (•r + -t--s) 

40 

Inconclusive 

A. D. 

11/14/41 

Pos. ( -r -n- -r ) 

Po.s. (+ + + +) 

4 

General biologic 


♦Nonmalarial eases; see TaOlc IV. 


•Major, Medical Corps, U. S. Army. 
From tlie Station Ho.spital Luborator.v. 
Jleceivecl for publication, June 2o, 194«, 
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logic, iionsypliilitic, tyjio of reaction). Sormns giving negative serologic reactioris generally 
show no iHCcipitiition at :17‘’ or 1” C.. ainl the vorilication reaction is referred to as negative 
type. When precipitation of criual strength is ohtnined at these two temperatures, the 
verification rosiilt.s are referred to as inconclusive. 

Blood specitnoits ffom the seropositive cases of malaria and also from some 
seronegative cases vere sent to Doctor Kahn’s laboratory at the University of 
^liehigan Hosjntal for verification tests. No indications as to the source of 
these .specimens vere snhmitted. The serologic reports received from that 
laboratory are summarized in Table I. Of eighteen serums examined, the 
standard Kahn test proved to he positive in seven, doubtful in one, and nega- 
tive in the remaining ten. The supeivsensitive presumptive test gave ten posi- 
tive reactions in the same group of serums. All these positive reactions, ac- 
cording to the verification test, %vcre of the general biologic (non.sj'philitic) 
type, except in one instance in which the result of the verification test was 
reported as inconclusive. 


T.vbi.e II 

K.\hk VEi'.inc.VTioN Test ix Seiiopositive C.vses of M.vlap.uv 


KL\HX P.E.VCTIOXS 

Ql-AK- 

TIT.VnVE 

VEEIFICATIOX TEST 


SEP.OLOGiC 

(TVPE of FvEACTION) 

.STAXP.W.n TEST i PP.ESVMPTIVE TEST 

VNTTS 


Case 1 (J. Z.) 


10/24/.I1 

Pos. (++■ + -) 

Pos. (+ +- .f -■) 

200 

General biologic 

11/ 3/41 

Pos. (+ + + -) 

Pos. (+ - .r +) 

SO 

General biologic 

11/ 7/41 

Pos. (-i- -r -r) 

Pos. 

3 

General biologic 

n/io/41 

Xeg. 

Xeg. 

0 

General biologic 


Case S (H.C.) 


11/ 3/41 

11/ 7/41 

12/ 6/41 
12/31/41 

Pos. ( + + 4 +) 

Pos. (-^ J- +) 

Xeg. 

Keg. 

Pos. + 

Pos. (+-.»--) 
Keg. 

Keg. 

so 

0 

General biologic 
General biologic 
General biologic 
Kegativc 

Case 3 (W.C.) 

11/ 3/41 

Jl/ 7/41 
11/14/41 
12/31/41 

Pos. ( - + +) 

Keg. 

Keg, 

Keg. 

Pos. J-) 

Pos. (4 i -) 

Keg. 

Keg. 

3 

0 

0 

0 

General biologic 
General Inologic 
General biologic 
Kegative 

Case 4 (J. Q.) 

11/ 3/41 

11/ 7/41 
11/27/41 

12/ 4/41 

Pos. (+ +) 

Pos. (+ -) 

Keg. 

Keg. 

Pos. + 

Pos. (+ 4 - -) 
Keg. 

Keg. 

2 

2 

0 

0 

General biologic 
General biologic 
Kegative 

Kegative 

Case 5 (H. iL) 

11/ 3/41 

11/ 7/41 

12/ 6/41 

Doubt. (-) 

Keg. 

Keg. 

Pos. (- .s ) 

Doubt, (j- J-) 

Keg. 

1 

0 

0 

General biologic 
General biologic 
Kegative 

Case 6 (E. G.) 

11/ 7/41 
11/14/41 

12/ 4/41 
12/11/41 

Pos. ( J. + - 
Keg. 

Keg. 

Keg. 


40 

0 

0 

0 

Inconclusive 

General biologic 
Kegative 

Kegative 


11/25/41 

1/30/42 



4 

.3 

0 

Deneral biologic 
General biologic 
Kegative 
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Of interest is the fact tlint five of tlie negative reactions 'witli the standard 
and presumptive Kahn tests were also, according to tlie verification test, of the 
general biologic (nonsj-philitie) t}'pe. Generally, scrums that give negative 
reactions with serodiagnostie tests give the negative type of reaction with tlie 
verification test. The general biologic type of reaction given by these negative 
reacting serums indicates, according to Kahn, that these scrums contain non- 
syphilitic “antibody” and that they might give positive reactions with certain 
serodiagnostie tests and, under certain conditions, with perhaps all tests. 

Of interest is tlie fact also that, according to Table I, malarial scrums may 
give high titers with the quantitative Kahn reaction. Two of the serums gave a 
titer of 40, one of SO, and one of 200. Evidently tiositive reactions in malaria are 
not limited to low serologic titers. 

The next problem that pre.sontcd itself was to find if the general biologic 
(nonsyphilitie) type of reactions obtained in the patients with malaria could 
be accepted as serologic evidence of the aiisencc of syphilis in these casc.s. 
Repeated serologic examinations of the blooil specimens in these eases, it was 
believed, would throw light on this problem. Thus, positive serologic reactions 
in acute malaria generally become negative after recovery, AVould the positive 
reactions in the patients under investigation persist oi- would they become 

Taw.i; III 


ICaiix VEniricATiox 1 'est in Cask.s or Mai.a!:i.\. K.^.sh.s-tjam-v .‘^kko.vkoative 


DATE 

KAHX KKACTIOXR 

QUAK- 

TITATIVK 

VEiariCATiox test 


SKKOLOfllC 

(TVJ'E or EEACTIOX) 


STAXD.W.n TEST ] PUESUMPTtVE TE.ST 

UN' ITS 


Case S (T. F.} 


11/ 3/41 

Nog. 

Pos. (+ + +> 

0 

Geiiernl biologic 

11/ 7/41 

Keg. 

Keg. 

0 

General biologic 

11/14/41 

Keg. 

Keg. 

0 

General biologic 

11/21/41 

Keg. j 

Po.o. (+ + + +) 

0 

General biologic 

11/29/41 

Keg. 

Keg. 

0 

General biologic 

1/16/42 

Keg. 

Neg. 

0 

Kegativo 


Case 9 (C. JJ 


11/ 3/41 

Keg. 

Pos. ( + 4- +) 

0 

General biologic 

11/14/41 

Keg. 

Keg. (+) 

0 

General biologic 

11/21/41 

Keg. 

Keg. 

0 

General biologic 

11/28/41 

Keg. 

Keg. 

0 

General biologic 

12/ 4/41 

Keg. 

Keg. 

0 

General biologic 

12/11/41 

Keg. 

Keg. 

0 

Kegativc 


Case 10 (A. L.) 


11/ 3/41 

Keg. 

Keg. (+) 

0 

General biologic 

11/ 7/41 

Keg. 

Keg. (+) 

0 

General biologic 

11/25/41 

Keg. 

Keg. 

0 

General biologic 

1/ 7/42 

Keg. 

Keg. 

0 

General biologic 


Case 11 (E. E.) 


11/ 3/41 

11/ 7/41 
11/15/41 
11/25/41 

12/ 2/41 

Keg. 1 

Pos. (+ +) 
Keg. 

Keg. 

Keg. 

Nog. 

Pos. (+ + + +) 

Keg. 

Keg. 

Keg. 

0 1 
2 

0 

0 

0 1 

General biologic 
General biologic 
General biologic 
Negative 

Negative 

CaselS(M.J.) 

11/ 3/41 

Keg. 

Keg, 

0 

General biologic 

11/21/41 

Keg. 

Keg. 

0 

General biologic 

12/ 4/41 

Keg. 

Keg. 

0 

Negative 
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negative M’illi the .snbsiflenee of tlie foA'or anfl ivith recovery? Accordingly, 
.iri’angenients were inndc for the serologic follow -\ip of those patients. 

Table H lists sovei\ serojiositive cases of malaria wliicii became seronega- 
tive in about one to thi'oc montlis. The verification reactions in these patients 
changed from the general biologic type to the negative type of reactions. An 
exception is Case 1 in which the original general biologic tj'pe of reaction per- 
•sisted. Table Ilf list.s five ca.se.s of malaria, e.ssentiallA' seronegative, except 
that with the .supersensitive presumptive te.st, seven positive reactions of vary- 
ing degree were obtained through the period of investigation. In these cases 
also, the verification test at first gave the general biologic type of reactions, 
and later, the negative tj’pc. 

Two febrile patients of the original group of tAventy-one, listed in Table 
IT, were found not to have malaria. One patient with cellulitis (Case 13) was 
Kahn-negative. Another (Case 14), Avith an acute respiratory infection, Avas 
Kahn-positive. The verification test, in both cases, gave the general biologic 
type of reactions. On repeated serologic examinations, the Kahn-positive 
reaction rapidly became negative. But in both cases, the general biologic 
type of verification reactions persisted, although the patients had recovered. 
It Avas impossible to continue verification studies in these patients due to the 
ti-ansfer of the soldiers from Fort Custer. 


Tabix W 

K.\nx VEr.tvtc.ATiox Test in Tavo yroximwniAi Case.s 


D.\TE 

K.\IIK reactions 

t QUAX- 1 

1 TITATIVE 1 

I 

VEKinCATIOX TEST 

1 

SEROLOGIC i 

(TVPE OF RE-ACnON) 


1 STANDARD TEST | PKESFJIPTrVE TEST 

1 ITNITS 


Case 13 ( R. TV.} ; Cellulitis, Chills, and Fever 


11/ 3/41 1 

lAeg. 1 

^feg. 

0 

General biologic 

12/ 4/41 


1 Keg. 

0 

General biologic 

1/ r/42 ! 

1 l^'eg. 1 

i 

0 

General biologic 


Case 14 (D.L.) ; Acute Respiratory Infection 


11/ 7/41 

Pos. (T - ^ ! 

Pos. (--r-T-) I 

40 1 

General biologic 

11/14/41 

Keg. ' 

Keg. (■!•) 


General biologic 

11/21/41 

Keg. 

Keg. i 

0 1 

General biologic 


SUAIALABV 

The Kahn verification test Avas applied to a group of clinically nonsA-ph- 
ilitic soldiers AAith malaria giA'ing posith-e serologic reactions for syphilis. It 
Avas found that these soldiers gave the general biologic (nonsyphilitic) type 
of reactions, indicating that the A-erification test can be employed as an aid in 
e.stablishing the differential diagnosis of malaria and SA^philis. 
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DETER:MINATI0N of blood PEESSUKE IX EATS BY DIEECT 
OBSEEVATIOX OF Bl.OOI) VESSEI.S® 


Okokck W. Duncax, BAi/riMoiti:. ]\Ii).. and f'liiNTKii Hv.man. M.S., and 

Edward L. (Oiamukrs, B.A.. Xkw York, X. Y. 


A lthough several metliods of clelermiiiin^ blood jiressnre in small animals 
have been deseribed, eertain eomj)Iieatin" features in the teclinicine of 
each of them often render them inappliealde to tlie exiK'rimental problem on 
hand. It is liie jinrpose of this eommunieation to jioint out briefly the e.ssen- 
tial features of previously deseril)ed methods and to present a simi)le method 
ior repeated determinations which produces no trauma or lo.ss of blood and 
which may be used on either aneslhetizc'd or unaneslhetized animals. 

Jlethods involviii'r direct eanmdation of lai'fre ve.s.sels recpiire cither local 
or general anesthesia. Trauma and lo.ss of blood result to a givater or le.sser 
degree during e.\]) 0 sure and cannulalion of the ve.s.sel, and in most of tl>e methods 
of this type the animal is usually .sacrificed. The method of Woodbury and 
Hamilton' has definite advajitages in some problems but is not simple technically, 
the a])paratus is expensive, and each determination re(iuire.s surgical exposure of 
the ves.sel.s to be punctured. The values obtained by the.se invest igatoi's are 
higher than pressures obtained, al.so by arterial cannulation, by Eons and Drury" 
and by Chanutin and Ferris." Diaz and Levy' described a method for determin- 
ing blood pre.ssure in rats which deitends upon the flow of blood from the in- 
cised tail when the pre.ssure in the arteries exceeds that in a pneumatic cuff 
about the ba.se of the animal's tail. The values obfained by the.se authors coin- 
cided rather clo.sely with pre.ssures oldaincd by aortic cannulation. This method 
jjroduccs I0.S.S of blood and trauma with each determination, and where fre(|ucnt 
determinations are made, this degree of blood loss may comi)licate cei-tain types 
of experiments. 

Indirect methods which neec.ssitate no trauma or lo.ss of blood have been 
described by several authors. Kunstnianir'' and Bonsmann“ made use of the 
restoration of pink color due to the return of blood to a limb or tail which 
has been previously emptied of blood by a tight bandage. The flow of blood 
is controlled by means of a compression cuff at the base of the animal's tail. 
The values obtained by both these invc.sligators are lower than the values re- 
ported by other investigators. Williams, Han-ison, and Grollman' have de- 
.scribed a practical and accurate method which is based on plethysmographic 
measurement of the increase in volume of the rat 's tail when the pressure in 
the arteries exceeds that in a compression cuff about the animal's tail. This 
method is used on trained rats and recpiires preliminaiy M'arming of the ani- 
mal for accuracy. A similar method was de.seribed by Byrom and Wilson.® 
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Two iiietliods li:ivo ht^'ii ilcscriljed which involve the :ii)i)Iicalion of a coiii- 
I)i'o.ssion cnlf to tlio lliiirh and observation of tlie flow of blood in the .small blood 
ve.sscls of tlio fool, tiriffitli'’ observed niicrosco])ieally the ce.ssation and restora- 
tion of flow in the small superficial ve.ssels on the dorsum of the rat's foot. The 
observations were made with stronir reflected liirht on an area that had been 
depilated and cleared with immersion oil. He recommended that several fields 
be observed because of the uncertainty of the type of ve.ssels under observation. 
We were unable to obtain consistent results by this method. ^IcJfaster’® re- 
])orted a similar method in which flow in the blood vessels at the base of the 
claws of mice was observed by transmitted liirht. He ])ointed out that similar 
observations cannot be made in rats, even in young ones. 



1* — Arrangement of apparatus for determining blood pressure of rat. Insert shows detail‘d 
of pressure cuff and transillumination cone. 

The method to be described is also ba.sed upon direct observation of blood 
vessels. The vessels are those of the translucent interdigital web and are ob- 
served by means of transmitted light. The.se ve.ssels of the spread-out web are 
clearly visible so that the different types of ve.ssels can be easily identified. 

Normal rats weighing from 130 to 200 Gm. were used. The apparatus 
shoAvu in Fig. 1, consists of a eulY. similar to that described by Diaz and Le\ 7 -^ 
and Byrom and Wilson.^ wliieh is placed about the thigh. Tlie cuff is made of 
a 2 cm. length of glass tubing 2 cm. in diameter and flanged on both ends with 
a short length of 4 mm. glass tubing fused to the side for connection uith a 
manometer and a rubber pre.ssure bulb. A piece of -Vg inch Penrose tubin- 
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is placed inside tlie lavfier filass tiilie, everled over I Ik; Handed ends, and eeinented 
io the outer surface. The euff is allaehed lo a lioard o hy 12 inches in such a 
position tliat it rests about four inches from tlie ('iid. 'I'he nnanestiietiml rat 
is kept fairly (luiet hy plaeinu- it in a sinijily (it tin" "lass cylinder on the end 
of the board earryiu" the euff. One hind limb is drawn throu"h the ciifi’ to the 
level of the U])]>er thi"h and held in place by small clum))S attached to tlie 
claws or by strinixs tied about the tlistal ends of two adjacent di"its. The posi- 
tion of the fool is such that tin* spread-out interdi"ital well rests upon the up|)or 
.surface of truncated ^lass coik* fi.xed throuyh the board. 'I'he cone niea.surcs 
approximately 1 cm. at its base, and its upper end is "round to a lrianf,uilar 
ero.ss section wliich measures approximately 0.2.') cm. on each side and fils clo.sely 
between the outspread dibits. '!’!u‘ web is rendered translucent by removal of 
the epidermal .scurf by a brief application of depilatory cream and cleariii" 
with almond oil or paraffin oil. A small pi(>ee of cover .slip placed upon the 
web serves to hold tlie film of oil in jilaee and thus an even surface for observa- 
tion is presented. The board with the animal in place is mounted on the sla"e 
of the micT‘oseo])e .so that the truncated cone of "lass lies in the o[)tical axis. 
Li"ht is obtained from a Leilx. low volta"e mierosco]ie lamp or any eiiuivalenl 
source. ^Yith a ma"nificatiou of 100 limes the vicssels and the flow of blood 
can bo clearly seen. The small arterial vessels can be differentiated from eor- 
re.spondin" veins by their relatively thicker walls and more rapid rate of (low 
and by the direction of flow. 

In making a determination the cuff is inflated to a ]>re.ssure sufficient to 
stop all flow of blood. The pre.ssure is then slowly lowered until the first 
continuous flow becomes visible in the arteriole under observation. The prc.s.sure 
at that time is taken as the blood pressure in the lai'ge arteries of the thigh. 
Other vessels in the field are checked to ensure aeeiiraey. 

The normal blood ])re.ssures of different animals of the unanesthetized grouii 
ranged from 90 to 140 mm. Jig. The range of jire-ssures in different animals 
of the ane.sthetized group was from 70 to 120 mm. llg. Repeated determina- 
tions were made on several animals of each groui) and were found lo agree 
within 4 mm. Hg in any given animal. The accuracy of the method was checked 
by obtaining pressures by aortic cannulation on six rats immediately following 
determinations by the interdigital web method. The values checked within 
mm. Hg. 

SUMMARY 

The arterial blood pressure of rats may be rapidly and easily determined 
by microscopic observation of the flow of blood in the small arterial vc.s.sels of 
the interdigital web. Values obtained by this method agree with pressures 
determined by aortic cannulation and with lho.se reported in the literature. 
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A ]\IETIIOO FOR OBTAINIXO RECORDS OF THE TORTOISE SINUS 
AVITIT DATA OX EXTRASYSTOLES AND LENGTH OF 
CYCT.ES FOLT/HYING STDIULATION 


Frederick E. Emery, Ph.D., .a.xd T. A. Loomes, M.S., Buffalo, N. Y. 


D URIXff the last sevefal yeafs graphic records taken from the beating .sinus 
venosus of the tortoise have been used in discussing ivith medical .students 
the refraetorj' period, extra .systole, and compensatory pause of the heart. 
These phenomena in the ventricles and to some extent in the anricles are com- 
mon descriptions in most textlrooiis. and a discussion of excitations near the 
great veins or sinoaurieular node is nicely presented by ^Yiggers.^ Graphic 
records taken from the sinus are not .shown in any of the present textbooks, 
nor have we found them in any of the literature so far rcAiewed. It seems 
worth consideration, therefore, to describe briefly the method used to obtain 
records of the .sinus veno.sus and to exhibit some of the records obtained. The 
literature is, for the most part, of long standing, and excellent reviews are 
available.^’ These and original contributions having a direct heaving on the 
problem are discussed briefly as their citation appears in the body of this paper. 

PROCEDURE 

Twenty-seven pithed tortoises al)ont six inches in shell length xvere used, 
and from these about two thousand records of sinus stimulation were saved for 
study. The usual method of recording the auricular and ventricular contrac- 
tion by means of aluminum heart levers was employed. In order to obtain 
tracings of the beating sinus, fine thread was usually attached directly to the 
sinus (5 to 8 mm. to the right of the midline) with the aid of fine-pointed 
dissecting forceps. In a few eases the thread was placed around the large 
veins to the right of the sinus. The heart lever required careful counter bal- 
ance and adjustment, but when .so arranged usually gave a clear tracing of 
the sinus heats. By means of a small, bent glass rod with a hook at the end^'the 
bas^f the ventricle could he adjusted to the left and ventrally in such a way 
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as to i'ree tlie sinus ti‘aeiii<r I'i'oiii aiirifiilar and vrntficnlar interference. One 
stiniulatin<i: electi-ode of line eopper wire was placed on and sonietinies directly 
into the wall of the sinus, and the second electrode was stuck in the liver one 
inch back from the heart and on the midline. Make-and-break stimuli from a 
Harvard induetorium were p:iven. P»est results were obtained if the heart rata 
Avas slow, so in six experiments the rales were slowed by i)lacin<r the .shell on 
ice during: the entire experiment. A <lepre.ssion in a large cake of ice was 
chipped out to fit the contour of the shell and. when the tortoise was placed 
in this, satisfactory sloAving of the heart rate soon followed. 


I!l>Si;i,T.S 

Tracings taken simultaneously from the sitius. auricles, and A'cnl rides 
show the normal setpiencc of activity in the.se re.spective j)arts as the contract- 
ing Avavc moves over the heart. 

Fig. 1/f shows that stimulation of the sinus in the r.iiddle third of the cycle 
with a relatively weak stimulus (make) has no effect on the i-liytlim. whihi the 
break stinuilus ap])lied at the same time of the cycle ])roflueed an exli’a con- 

W W\/v_Av/i KyvyNNyv/yv^ ^ 
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Fig. 1. — Heart rate. 17 per minute. Tracings from al) 0 ve downward ; simi.s auricle.", 
ventricles, signal magnet (down stroke make stimulus, up .stroke break stimulu.s). Ari-ow.s 
show where the stimulus was applied to the .sinus (one drj- cell. Harvard coll. 1 cm.). 

A, A stimulus applied to the sinu.s In the la.st third of dia.stole Induced an c.vtra.srstole. 
The pause following is longer than normal. The "po.stcompen.s.atory” contraction of the sinus 
is higher than normal. 

B A make stimulus, just below thrc.shold for this tortoise, applied to the sinus in the 
middle 'third of the cycle had no effect. 

C The break stimulus applied in the .same phase of the cycle as in B was followed by 
nn evtrasvstole and a pau.se of .shorter duration than normal. The "postcompensatory” con- 
traction of the sinus is slightly higher than normal. 

D A make (in this case subthresliold) .stimulus applied in the last third of the cycie 

had no e ec . make stimulus as in D was subthreshold, the break stimulus as applied 

.^tiofivelv weak yet the disturbance induced by stimulation in the refractory period 
caused thTnext three pauses of the sinus to be longer. 
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Irai-tion in llio anriclns niul vcnlridos (Fifi. tl-’). I'l case the extra contrac- 
tion of the sinns was followed alter a pause ol shorter duration than normal 
hy the usual rhythmic sinus <iiseharires. Lewi.s’ descilhes sinus extra-systoles 
as rare in the human subject but points out that the returning cycle may be 
shorter than normal. Ensrelmann'' sliowed in amphibians that an extra.systole 
imluecd by stimulating the sinus was followed by returning cycles of the same 
length as the initial cycles. In our experience if the stimulus is applied to the 
sinus in the middle half of the cycle, the pause following the extra-systole may 
be of normal length about 20 per cent of the time or, using the expression of 



F'S- 2 . — Time in n seconds, otherwise tracings and coil same as in Fig. 1. A stimulus 
applied at the beginning ot the middle third of the cycle induced an extra.sc.ctole of the «inus 
carried to the auricles and ventricles. This induced cvcle was appro.vimatelv 
equal in length to the preceding cycle. ‘ 

Lewis, the returning cycle is approximately equal in length to the initial 
cycles (Fig. 2). On the other hand, the next discharge of the sinus, after the 
cxtrasy-stole, may be delayed as compared to initial cycles or subsequent re- 
turning cycles (Figs. I A, 3 A and B. 4B). Cusliny/ working with the i.solated 
ventricle of mammals, introduced the idea of fatimie of the pacemaker due to 
extra impulses either from artificial .stimuli or “impulses reachiim it from the 
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Keilli-Flnek node.” Lewis'’ li:is diseussetl this jxiiiit in re^jird to the siiioiuiric- 
uliir node iind slides find “'I'iie iinnmer iind eirennisimiees in wiiieii fin's de- 
pressant efl’eet oi‘ iin extrasyslole is exerted are not yet enlirtdy eleiir.” 

In order to study faelors wliieli nii^dit determine the leiifrlli of the pause 
I'ollowinp- an extrasystole of the sinus. 772 reeords were earefidiy measured 
w'itli the aid of eomi)ass and lens. Tliis study revealed find !i stimulus iipjilied 
to the sinus durin^ eontraetion (refraefory period) always failed to eause nil 





FIs. 3. — Time In 5 second."!, otherwise tr.ielnss .nnd coll seme as in I'lf,-. 1. 

A, Stimulus applied to the .><!mi.s at the bepliuiinj: of the middle third of the c.vcle. Fxtra 
contraction oC the sinu.s not carried to the auriele.s ami ventrlcle.s. ■•po.stcompcn.sator.v” con- 
traction of auricles and ventricles IiiKlier tlinn normal. Induced c.vcle .sllKiitly loiiBor th.m 
tiio precedinu cycle. 

B, Stimulus applied in the middle third of the cycle. T':xtraH.v.stole of the .sinu.s carried 
to auricles and ventricle.s, followed by a pau.se of lonper duration tlian normal. 

extra contraction Imt the rhythm may he distiirhed. In about oae-for.i'tli of 
llie records the next pau.se wa.s lonper (Table I), and sometimes this di.sturb- 
anee was evident in the next two or more iolloivinp: eye)e.s’ (Fip. JE). A 
stimulus of at least threshold strength for the sinus but applied during- the 
relaxation of the sinus (deseending liml) of the reeord) often induced a change 
in rhythm, and the subsequent pause was altered, being .shorter in a few records 
(3,4 per cent), normal in 53.0 per cent, and longer in 43.C per cent (Table I). 
This period may be looked upon as the relative refractory period and variable 
in length as subsequent discussion will show. 

A stimulus applied in the finst quarter of the cycle usually gave no extra- 
svstole, but in a few cases where an extra.systole occurred the pause that 
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followed was always of shovlov duration than normal. Table I shows a sum- 
mary of nineteen I'eeords of tortoises in wliieli tliis tyj)e of response oecurred. 
A stimulus falliu" M’ithin the fii'st third of the cycle pave an extrasystole which 
M'as folloM'ed in 77.1 ])er cent liy a pause of .shorter duration than normal and 
in 9.4 per cent by a lonirer pause than normal (Table I). A stimulus applied 
during the middle third of the cycle gave an extra.sy.stole and a pause which 
was shorter than normal in o4.1 per cent. In contrast to these examples, a 
stimulus given in the last third of the cycle caused as expected an extrasystole. 
but the pause that followed was usually (80.0 per cent) longer than normal 
(Table I). 

Tadi.k I 


The length of 772 cycle? following stimulation is compared to the previous cycle. In 
records of tortoises in which the stimulus wa.s not applied in the refractor}* period or relative 
refractory period, the following cycles included an extra.wstole in each ease. 


STIMI'LATED IX : 

xo. or 

RKronns 

I.ESr.TH OF NEXT CYCLE 

FOr.LOU-IXO EXTKASYSTOLES OH SnifULATIOX 

SHORTER 

S.AME 

LONGER 

ItefractoTA* period 

iOO 

0 

77 

23 

Relative refractory period 

S7 

3 (3.4%) 

46 (53.0%) 

38 (43.6%) 

First quarter of cA'cle 

19 

19 

0 

0 

First third of cA'cle 

9(1 

74 ( 77.1%) 

13 (13..5%) 

9 (9.4%) 

Middle third of cvcle 

270 

146 (.54.1%) 

56 (20.7%) ! 

68 (25,2%) 

Last third of cycle 

200 

17 (8.5%) 

23 (11.57c) ! 

160 (SO.0%) 


Thus it is clear that the length of the pause that follows an extrasystole 
in the sinus of the tortoise is not fixed but closely related to the time in the 
cycle -when the stimulus was applied (Figs, 1 to 4). The earlier in the cycle 
that an effective .stimulus is applied, the .shorter the pause is likely to be. and 
conversely a stimulus applied in late diastole of the sinus is almost certain to 
be followed by a pause of longer duration than noi-mal. At least two factors 
have been found that tend to change these expected results. The first of these 
deals M'ith the relative refractory period of the .sinus Avhich, in our expei’ience, 
varied in length in different tortoises. AVhen this period is long, it is most 
difficult to obtain an extrasystole sufficiently early in the cycle to give the 
expected pause of shorter duration. Fig. 4.4 illustrates this very nicely and 
shows that a make stimulus applied in the middle third of the cycle had no 
effect. After a pause of a few seconds a second record Avas taken, and the 
same strength of stimulus applied slightly later in the cycle induced an ex- 
trasystole AA’hieh Avas folloAved by a pause of longer duration than normal (Fig. 
423). In other Avords, it Avas impossible to get a reaction in the fir.st third of 
the cycle A\'ith a stimuliAs Avhich Avas considerably above thre.shold. The second 
factor also tends to fix the length of the pause but operates AA-hen the stimulus 
is applied in late diastole of the sinus. In these records the induced or ex- 
trasystolc occurred at the expected time of the normal contraction and AA'as 
folloAved by a pause of normal length. 

The distVArhance in the sinus induced by .stimulation may be folloAA*ed hv 
a delay of the next rhythmic discharge, oven though the aVtifieial stimuliis 
may have l)ecn so Aveak that the sinus contracted only slightly (Fig .3.4) piiis 
record also .shoAvs that the stimulus Avas either too weak to be effectiveh* trans 
mittcd to the auricles or the auricles had m.t recovci-ed sufficieiitlv to respond 
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the result bein^^ a jj.nuso in aitrieular and ventricular activity until the next 
sinus discharge, wliich was itself delayed. The strength of the .stimulus has 
.some effect on the length of the ])ause that follows an extra.sy.stole. If the 
stimulus is very strong, the }»au.se is likely to be modified in the direction of 
longer length. However, careful cheek of many records shows th.al the strengtli 
of the stimulus within rea.sonable liinifs does not alter the expected results in 
regard to the length of the jjau.se that follows the extra contraction. 


.^lA 




> 1 - 




Fiff. 4. — Heart nitc, 21 per minute, TruclnKs and coll .came n.s in Fis. 1. 

A, A stimulus applied in the middle of the cycle Imd no effect. Tlie reUUlvo refractory 
period of the sinus in tliis tortoi.se was longer th.-in u.suul. 

B, A stimulus of the .same strength as in A applied .sllglitlv later In the cycle induced 
an extra contraction of tlie .sinu.s wliicli wa.s carrieil to the aurlcle.s and vontricle.s. The pause 
that followed was longer than normal. 

The increased height of the ‘ ‘post compensatory ” eontraetion as applied 
to the ventricle was well discussed by Cusliny,-' wlio compares it to a staircase 
phenomenon. In onr work it has oeeurred after sinus stimulation. Fig. 3A 
exhibits it in tiie ventricle and to .some extent in the auricle, while Fig. 1 A 
and C shows it occurring in the sinus even thougli the panse following the 
extrasystole was either longer or .shorter than normal. J'’ig. 3A is of further 
interest liecause the compensatory pause in the auricles and in ihe ventricles 
was not preceded hy an cxtrasj’.slole, and therefore the factors leading to the 
increased heiglit of the “post compensatory” eontraetion must have their genesi.s 
associated only with the rest period. 
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DISCUSSION 

Among tlie great miinber of papers reviewed, llio.se dealing with electrical 
stimnlation of the heart'''''' have presented a nia.ss of material and illustrations 
that hear on our results, yet they do not show records of sinal contraction. 
The original figures of ilarey-' slunving the compensatory pause of the ventricle 
are .still the clas.sical illu.strations in this field. Schultz'" has studied records 
of the isolated sinus and auriclc.s. With these researches as a background, 
Lewis" discussed and .showed diagrammatically the condition of the sinus, au- 
ricles. and ventricles during the extra discharges and other irregularities of the 
pacemaker. Our records taken simultaneously from the sinus, auricles, and 
ventricles confirm and extend the diagrams of Lewis'’ and othei'S.”'’'’ 

All the records .shown (Figs. 1 to 4) were obtained several times so that 
we feel that the re.sults illustrated by these figures are not incidental to the 
technique but represent the actual activity of the sinus. Also we have obtained 
at room temperature reproductions of all the records obtained noth cooled prep- 
arations, thus demonstrating that the results obtained -with cooled hearts were not 
bizarre due to the cooling of the heart as Cirshny" long ago warned agaimst. 

One of the most frequent ciue.stions asked by students is what happens to 
the rhythmic discharge of the sinus following an extra stimulus and systole 
of the sinus? We have answered this by careful measurements of time rela- 
tions and can therefore say that the time in the cycle when the stimulus is 
applied usually determines the length of the pause preceding the next .sinus 
discharge. The next most important factor is the condition of the tortoise. 
All of the records illustrated as well as the data in Table I were taken from 
fresh preparations in which relatively Aveak .stimuli gave satisfactory i-e.sults. 
In addition, many records rvere taken from tortoises in poor condition; that is, 
seA'eral hours after pithing, preparing, and use. These data .showed the re- 
fractory and relative refractoiy periods rvere longer than normal and that an 
extrasystole placed as early in the cycle as the sinus Avould pei-mit Avas almost 
ahvays folloAved by a longer pause than normal. 

Thus it is obvious that the pause folloAving an extra stimulus to the sinus, 
although A-ariable, is predictable in length and probably depends someAvhat 
upon the physiologic condition of the cells responsible for the discharge but 
mostly on the time of stimulation. With these factors in mind the stimulus 
may be placed so as to give an extrasystole and pause AA'hich Avill shoAv a fairly 
eonsistent pattern Avhen repeated records are taken from the same tortoise. 


SUM M. ARY 


Graphic records of the contractions of the sinus venosus of turtle.s Avere 
obtained simultaneously Avith contractions of the auricles and ventricles. 

An electrical stimulus applied during the refractoiy period of the sinus 
Aviil not cause an extrasystole, hut the rhythm may be di.sturbcd. 


Electrical .stimuli applied to the sinus during its quiescent period caii.scd 

a contraction which may or may not be carried in turn to the auricle.s and 
ventricles. ‘ 
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The pause in the sinus (rotufuintr eyele) followiiifx an extra or iinlucecl 
contraction of tlic sinus may lie shoi’tcr, lon<rcr, or cfinal to normal. Tlie fac- 
tors dcterminin<r the Icnjitli of tliis pause arc Kovorned to some extent liy the 
phy.siolo"ic condition or proiH'rty of the cells in the .sinus hut mostly hy the time 
in the cycle ■when the extra.systole is induced. With these factors in mind, the 
sinus of any tortoise will exhihit sojucwhat predetermined t(‘mpornl diseharszes 
followin<r electrical stimulation. This was indicated hy the fact that an extra- 
systole occurring in early diastole was u.sually followed hy a pause of shorter 
duration than normal, while one occurritig near the end of the cycle was usu- 
ally followed hy a pause of loufrer duration than noi'inal. 

The height of the next contraction of the sinus after an extrasy.stolc of 
the sinus may be higher than normal even thoiigh the pause preceding it was 
shorter than normal. 

The strength of the stimulus may he changed from threshold to consider- 
ably above thre.shold without affecting the results. 
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CHEMICAL 


A CONA'ENIEXT AKRAXGEMEXT FOR RAPID DIALYSIS® 


Walter H. Seegers, Ph.D., Iowa City, Iowa 


HE apparatus in Fig. 1 is designed (1) to give a large amount of membrane 
surface per cubie centimeter of .solution to be dialyzed, and (2) to clear 
away efficiently the material which diffu.se.s through the membrane. It is in- 
expensive and there are no difficult technical problems to consider. 

The material to be dialyzed (A) is placed in a seamless cellulose dialysis 
tube {B) (Visking Corporation. Chicago). Most of the space in this tube is 
filled with a cylindrical glass plug (C), which is made from ordinary glass tub- 
ing. If the dimensions of the latter are properly selected, the liquid to be 
dialyzed mil be evenly distributed in thin layers over a large area of membrane 



Fig. 1 — Rate of dialysis when a 2 per cent oxalic acid solution is dialvzed against 
water. .1, Solution to be dialyzed ; B, dialysis membrane ; C, glass plug ; u, outer glass cvl- 
mder ; E, solution to be dialyzed against : F, rubber band ; G, mercury weight ; and H, half 
bitch knot at end of dialysis membrane. Drawing made by H. Kritzler. 

surface. The molecules will have only a short distance to travel and the propor- 
tionately large surface area supplies an abundant number of pores. The plus 
is suitably weighted, with mercury for example, and the entire arrangement can 
be floated in water or any other solution against which one wants to dialyze. 
To faci litate clearmg away material which diffuses through the menibrane.'tlie 

•From tlie Department of Pathology, State University of Iowa, Iowa Citv 
Received for publication, June 22. 1942. 
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The pause in the sinus (relurniiifr cycle) followiiifr an extra or indueed 
contraction of the sinus may he sliortcr, longer, or equal to normal. The fac- 
tors determining the length of this pause arc governed to some extent hy the 
pliysiologic condition or property of tiic eeils in tiie sinus hut mostly hy the time 
in the cycle when the extrn.systole is indueed. AVith these fa(doi-s in mind, the 
sinus of any tortoise will exhihit somewhat pi'crletermined temporal disehai'ges 
following electrical stimulation. This was indicated hy the fact that an extra- 
systole occurring in early diastole was usually followed hy a pause of .shorter 
dui'ation than normal, while one occurring near the end of the cycle was usu- 
ally followed hj' a pause of longer duration than normal. 

The height of the next contraction of the sinus after an cxtra.sy.stole of 
the sinus may he higher than normal even though the pause preceding it was 
shorter than normal. 

The strength of the stimulus may he changed from threshold to consider- 
ahly above threshold without atTccting the results. 
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A COm-ENIENT ARRANGEMEJsT FOR RAPID DIALYSIS* 


Walter H. Seegers, Ph.D., Iowa City, Iowa 


T he appavaliis in Fig. 1 is designed (1) to give a large amount of membrane 
surface per cubic centimeter of solution to be dialyzed, and (2) to clear 
away efficiently the material which diffuses through the membrane. It is in- 
expensive and there are no difficult technical problems to consider. 

The material to lie dialyzed (A) is placed in a seamless cellulose dialysis 
tube (B) (Visking Corporation, Chicago). Most of the space in this tube is 
filled with a cylindrical glass plug (C), which is made from ordinary glass tub- 
ing. If the dimensions of the latter are properly selected, the liquid to be 
dialyzed will be evenly distributed in thin layers over a large area of membrane 



Eig. 1. — Rate of dialysis when a 2 per cent o.yalic acid solution is dialvzed air-jincf 
water. A, Solution to be dialyzed: B, dialysis membrane; C, glass plug- D outer 
mder: B, solution to be dialyzed against: F, rubber band; G, mercur\- weight ■ anil w hJir 
hitch knot at end of dialysis membrane. Drawing made by H. Kritzler* » . on, nan 


surface. The molecules will have only a short distance to travel and the propor- 
tionately large surface area supplies an abundant number of pores. TJie pluo- 
is suitably weighted, with mercury for example, and the entire arrangement can 
be floated in water or any other solution against which one wants lo dialvze 
To faci litate clearing away material which diffuses through the membran'e.'the 

•From the Department of Pathology, State University of Iowa. Iowa ritv 
Received for publication. June 22, 1942. 
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float is confinofl to a (•y]in<l(‘i' (/f) tliroutrh whicli a constant flow of liquid (E) 
can l)c maintained liy "I'avity. 

Dimonsions of the assembly are arbitrary and within limits can be varied 
eonsiderald.v, e.s])ccially in lonirfli. Considcralilc use has been made of one 
suitable for dialyziiijr 2.") c.c. of material. The ontsidi* dimensions of the 
cylindrical plu" (C) are 1.91 \ 21.0 cm., and the diameter of the dialy.sis mem- 
brane is listed as 29/32 inch inflated diameter by the manufacturer. In op- 
eration the thickness of the material to be dialyzed is about O.lfi cm., and each 
cubic eentimeter is exposed to a surface area of approximately fi.O .sq. cm. 

To illustrate (curve on Fi<r. i) the charaeteristies of the a]>paralus with 
the above dimensions 2.’) c.c. of a 2 per cent .solution of oxalic acid were di- 
alyzed against water. The water flow throns'h the cylinder IJ was 100 c.c. per 
minute. At the end of fifteen minutes half of the oxalate had dialyzed throufrh 
the membrane, mo.st of it had disappeared within the hour, and only small 
amounts remained at the end of three hours. Without the frla.ss plue: ajt- 
proximately 10 jier cent will remain at the cud of two hours. If the water 
flow through the cylinder is reduced to 50 c.c. jier minute or inerea.sed to 600 
e.e. there is no appreciable ehauire in the dialysis rale. 


ROrTLXM ANALYSIS OF nilNAllV FALCrid® 


A Radid, Simui.e Method Fsino Sror Ti>;ts 


•flT.U'S If. WlNEI!,f M.l)., A.ND JIak.joiue R. .Mattice, 31.S. 
New Vokk, N, Y. 


U RINAR5 .stone analysis is an important factor in determiniiifr the eliolojjy 
of a stone and subseipienl manafrement of the ])a1ienl. The common “.sy.s- 
tems” ol stone analysis have often been reirarded with misfrivin'is since tliey 
appear to be too complicated, time-consuminf:. or otherwi.se unsatisfactory from 
the standpoint of the urolofrist. We have, therefore, compiled simple chemical 
tests whereby a dependable analy.sis may be made in the ordinary office lab- 
oratory in a few minutes by a worker without sjK'cial traininjr. A further ad- 
vantage is that .several calculi may be examined simultaneously without addi- 
tional effort. 

Rcdfjcnlx . — The appended list of reagents includes .several which are not es- 
sential, since alternative methods are given to allow for individual choice. If 
the.se .solutions are kept in dropper-type bottlas, their u.se is facilitated, since 
only minute amounts are needed for testing. 

f/rfe acid reagent: Consult textbooks for the preparation of the Benedict 
or Folin-Denis reagents u.sed for urine and blood urie acid determina- 
tions. 

•From the Department of UrolOEry and the Division of Patlioloffical Chemistry. Depart- 
ment of Medicine. New Tork Post-Graduate Medical Scliool of Columbia Univei'sity. 

Kecelved for publication, July 10, 1942. 
fNow Lieutenant Medical Corps, U. S. .-Vrmy. 
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Sodium cjirhonoic: 20 per cent solnlion. 

Ammotiium moh/hdatc: Several flifferent .solulion.s may be employed but 
that suggested by Scifter and Trattncr’'’ is excellent. Dissolve 3.5 Gm. 
of ammonium molybdate in 75 e.c. of water and pour into 25 c.e. of con- 
eenti-ated nitric acid. 

Mauf/anesc dioxide: A hea^y, fine, black powder, JlnO^. 

Jicsorcinol or resorcin: Pure white ncedlelike crystals C,;H^(OH);. 

Hydrochloric acid: 10 per cent solution (concentrated acid diluted ten 
times). 

Sulfuric acid: Concentrated H^SO^. 

Sodium hydroxide: 20 or 25 per cent solution. 

Ammonium hydroxide: 28 per cent (concentrated). 

Jlcayent “H”: Dissolve 1 mg. of p-nitrobenzene-azoresorcinol in 100 c.c. 
of noianal sodium hydroxide (Ea.stman). 

Ncssler’s solution: Consult textbooks for the preparation of the Bock- 
Benedict or Folin formula for blood analyses. 

Sodium cyanide: Prepare a 5 per cent solution and presen’c mth 1 c.e. 
of 28 per cent ammonium hydroxide per 500 c.c. of solution. 

Sodium nitrite: A fresh solution, 0.1 per cent, should be prepai'ed once a 
week, although it often keeps much longer. 

Sodium nitroprussidc (nitrofcrricyanide): Prepare a 5 per cent solution 
and discard when it .shows signs of fading. Protect from light. 

Reagent “S”: Dissolve 100 mg. of N-( 1-naphthyl )ethylenediamine dihydro- 
chloride (La ilotte Chemical Products Company) in 100 c.c. of water. 
Store in an amber bottle. 

Reagent “S” (edternutive) : Dilute 1 c.c. of dimethyl-a-naphthylaraine 
(Eastman) in 250 c.e. of 95 per cent alcohol. 

Nitric acid: Concentrated (unnece.s.sary unless murexide supplcmentarj' te.st 
is employed). 

Procedures . — The general scheme of analysis is presented in tabulated 
form. The calculus should be split so as to reveal different structures -within, 
and the core or nucleus should be di.stingui.shed from the vai-ious layers by 
separate analysis. For full evaluation of the results the relative semsithity 
of the various te.sts should be taken into account. The findings depend largely 
on the metliods used to detect pos.sible constituents of the .stone. Since the cal- 
culus is constantly bathed in urine during its formation, traces of eveiw .sub- 
stance found therein would be discovered in the stone if .sufficiently delicate pro- 
cedures were employed. The purpo.se of our scheme of analysis is to reveal the 
chief components of the stone, the minor constituents being of research rather 
than practical importance insofar as the pre.sent state of knowledge is concerned. 

When the reagents for the Bencdict-Theis method of detennining serum 
phosphate are used on urinary calculi, they give a ‘’positive’’ reaction with a 
ma.iority of stones, including some thought to be “pure” cy.stinc. It is, there- 
fore, impractical to employ .such a test. 

The murexide test for uric acid is less sensitive than the recommended re 
agent.s, although it must he stre.s.sed that only a deep blue color should be re- 


900 


’I'llK .KH'ltXAK OK OAliOKA'i'OKY AND CDI.VlOAL MKOICINK 


Tabu; I 


.Sciij;mi; ok Anai-vsis or Di:i.s'ai:v CAt.ffi.t 


Chemical Givui> 

Jt(a/iriitx AtUhtl 

JlcAtiUx 

1. Urates 

Pulverizi'd stone 

1 drop KtuCOj 

2 drops uric acid reagent 

J’iom[it deep hltie color (pale blue 
is negative) 

2. Pliosjilaito.s'' 

Pulverized stone 

4-5 drops tunmoniuin molybdate solu- 
tion (need excess of reagent) 

Warm over flame to get di.«tilict 
Vfllom iireeipitate, {XJI,).PO<. 
‘12 MoO, 

.a. Oxalates 

Pulverized .stone 

Pineli of resorcinol 

1 dro[> cone. II.SO, 

Mix 

.•slow develojiment of dull hhiixh- 
;ir<rn color (Higgdn.s and Men- 
denhall') 

4. Oxalnte.s 

Pulverized stone 

2-.’! drops HCl. I f no <>tlVrvescence, 
add pinch of MnO,. Xo not mix 

Tiny InihhUs of gas "explosive- 
ly" released from bottom 

. 0 . Carbonato.s 

Kohitively large samide of pulverized 
Slone 

S-Ul drops HCl 

Ejf( rv! see nee 

Take up aoitl extract from /> iii tispiraling pipello Ilie tip of wliii'li i.s lifjhfly pillaged 
tvitli cotton. Remove cotton by seizin" projeetina «isp and divide "filtrate’’ into tliree 
aliquots for C, 7, and S. 

0. Calcium* 

.\eid extract 

2-.'i drops XaOH 

I'ini' irhitc ])recii>il.'ite or film 
from oxalate .stones; den.se pre- 
cipitate from jdio.sphale stones 

7. Slagno.sium 

Acid extract 

2-.'! drops XtiOII 

2-.'> drojis retigent "M" 

Reddish-purple retigent slowly be- 
comes delinitely t/luc (precipi- 
tate forms) 

8. KHj group 

.Void extract 

2-:: drops XaOII 

2-.'! drops X’e.ssler’s solution 

Alternative : 

Pulverized stone 

2-.‘> drops Xesslcr'.s .solution 

yiUoirixli-oriini/f jirecipitatc 

f). .Siilfonamide.s 

Pulverizeii stone 

2 drops HCl (wait .”.0 .seconds) 

2 drops XaXO. ( wait .■td-till second.s) 
2-u drops reagent "S’’ 

Uroirnish-pinl: to marirnta 

10. Sulfonamido.s 

Pulverized .stone 

810 drops HCl 

Stir with broken piece of match stick 
or wooden applicator 

Let stick remain in xitii for several 
minutes 

Lignin in wood beeome.s vellow 
or orant/r. Use slick for "writ- 
ing’’ on paper towel or news- 
I>aper. 'I'he colorless ticid ex- 
tract turns i/rllow on lignin-con- 
taining iiapcr but not on rag 
stock (Ilalleya) 

11. Cystine 

Pulverized .stone 

1 drop XH.OH 

1 drop NaCX (wait 5 minutes) 

2-.'! drops sodium nitropriisside 

Ihet-rrd color; on standing may 
fade to orange red 


*Use a microscope slitle for tlicse tests, spot i>late for tiie otliers. Tiie artist's typo is 
more satisfactorj- tlian tlie regular cliemisfs sijot plate. 


gai'ded as “po.sitive” (test 1). Tlie murexido lest, liowcvcr, i.s inueJi more fisc- 
ful and informative as shovni later. 

Nessler's sohition (test 8) will detect smaller amounts of amvionia than will 
pink litmus paper Avhen exposed to the gas released by treatment of an acidified 
extract of the calculus with sodium hydroxide. 
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The JIarsliall reagents will find smaller amounts of sidfonmnidcs than ^nll 
the lignin test of Halley. A relatively large .sample of .stone .should be irsed for 
the latter procedure; ever, then the presence of an appreciable quantity of 
sulfonamide may not be detected. 

Suitable tests for oxnlaic are not as .sensitive or as specific as one might 
wish. In the experience of one of u.s (il. I?. i\I.) the convei-sion of oxalate to 
carbonate by manganese dioxide has proved highly satisfactoiy ttest 4). Wlien 
only a minute fragment is available, oxalates can be found by using a narrow 
test tube and 5 to 10 drops of acid, and watching carefully with a magnif^-ing 
lens for the e.iection of a few bubbles of gas on addition of the black powder*. 
This test for oxalates is not applicable to carbonate .stones until all carbon di- 
oxide has been removed from an acid extract by boiling. The solution must be 
cool before the manganese dioxide is added. However, we have rarely en- 
countered carbonate in interfering amomits in oxalate .stones, although Kamlet® 
reports finding carbonate in 12 out of 88 oxalate stones. With moderate-sized 
samples the test is easily carried out on a rvhite or clear-glass .spot plate if the 
black powder is not mixed after it falls upon the particles of stone. After a 
moment’s hesitation tiny bubbles of gas are .shot out like rockets. Tlie effeiwes- 
eenee seen after contact of hydrochloric acid with carbonate is different; the 
powdered stone is buoyed up by the immediate formation of many very fine 
bubbles of earlmn dioxide. The Higgins-ilendenhalk te.st for oxalates (test 3), 
while specific and simple to perfoim, produces a poor color and that rather 
slowly, and requires a fairly generous test sample for ea.sy recognition of ox- 
alates. 

Physical Characteristics . — Instances occur where the .stone is minute or only 
a small part of it is available for study, necessitating the use of a few selected 
tests dependent on the examiner's ingenuity. Fortunately, the appearance of 
a stone generally gives a clue to its composition. 

Uric acid often occurs as multiple, smooth, round pebbles, which are devoid 
of luster and vary in size from a few millimeters to 30 mm. or more in diameter. 
Single stones frequently have a bumpy or emptive tj-pe of surface, resembling 
miniature volcanic cratere. Uric acid stones are always definitely yellow, but 
this color may not be noted until the .stone is crushed. 

Phosphate and carbonate stones occur as compact balls (often several 
centimeters in diameter) or as large friable masses assuming the shape of the 
cavity were found; these are clay or chalk-like. Barely, tiiple phosphate stones 
(JlgNHiPOj) assume porous, coral-like formations, which .suggest calcium o.x- 
alate e.xcept for their whiteness. 


Oxalate stones show considerable variety in form. Irregular, liaht-eolored 
fragments may exhibit elaborate crystalline structures with sharp "pro.iectinf<- 
blades. Oxalate stones are con.spicuous for their crystalline glint or smooth 


luster. The dark-brown t\ye is very compact and may take a arape-seed oi- 
i)erry-!iko form, which .should be difTerentiafed from* the pro.stafic corpora 
amylacca. If the rounded contours are larger, like a bunch of grapes the c-d' 
cull may be descrilred as bofryoidal. Although the berry and coinjract stratified 
forms are dark brown, crashing pi-odiices a light-colored powder*. .Ilammi'jJated 
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oxalate stones occur, altliou'rli the iiipplelilce structure is rai'cr tlian a ))rickly 
surface, resembling tlie “erujitive” type of uric acid calculus. Buff-colored or 
brown stones may be <'o\'ere(l with a lino ooral-liko excrescence. Oceasionally. 
the whole structure is loose and i)oi'ous. 

Cystine stones occur largely as pale yellow or white 'jranule.s ujiori which 
tlie pestle seems to .skid as it crushes the ealculu.s. Multiple stones may develop 
in the form of uric aeid ])el)bh'.s, exee))l that they are usually much .smaller, 
many hardly reachinir 1 mm. in diameter. Such stones jkj.ssc.ss a faint waxy 
luster and are browni.sh in color which dislintruishes tiiein from the yellow uric 
aeid pebbles. Another form of cy.stine stone rc.sembles calcium oxalate on casual 
inspection since it presents a ciystalline surface. 

The snlfonnmidrs may be dcpo.silcsl on Ihr- surface of uric acid without 
obvious layerinti or may be mintrled with phosphate and carbonate in a putty- 
like mass. There is not bin" in tiie j)hy.sicai ai)i)earance of the stone to su<riiest 
the pre.scnce of sulfonamides. It is yet to be iletermined whether or not “'pure*’ 
sulfonamide calculi will occur. 

It is important to analyze prominent layers of calculi when ])ossil)lo. Al- 
Ihou.irh uric acid stones often are “pure." they frcfjuently j)ick up a thick cru.st 
or coating of different nature, u.sually pliosphales unles.s sulfonamides arc avail- 
able. Phosphates do not, as a rule, deposit as a visible crust on oxalate stones 
but occur throughout the calculus. Instances are seen where uric ticid encircles 
an oxalate nucleus several millimeters in diameter and then is thickly cnea.sed in 
magnesium ammonium phosphate and calcium carbonate. 

Supplcmcniari/ Testa. — Tests other than tliose de.seribcd in the table may 
be desired by the technician for guidance or for checking purposes. The fol- 
lowing tests arc valuable in that they furnish a lead as to the i)rc.sence of sub- 
stances other than those sought. 

Murexide Test. — When a .sami)Ie of jiulvcrizcd stone is treated with several 
drops of concentrated nitric acid and carefully evaporated to drync.ss, then 
subjected to 2-3 drops of ammonia water, the following may be observed: 

Uric acid — doep vpllow to oraiiKo-n'il or criiiisoii liccoining more jiiirpli.^li 
with ummonium hydroxide (Iihii.sli violet witli fiodium hy- 
droxide). 

Xanthine — greenish-yellow turning to orange with .'immoninm hydroxide 

becoming reddish on warming (deep orange-red with sodium 
hydroxide). 

Protein — pale yellow turning to orange. 

Svif onamidcs— yeWow turning to mahogany brown. 

It should be cmpliasized that tlie murexide lest for uric ticid usually is ctir- 
ried out in an evaporating di.sh on a water bath, but tin's may mit provide a 
sufficiently bigb temperature for the xanthine reaction. It is very ea.sy to miss 
xanthine in urinary calculi. 

According to commonly used “.systems" of stone analysis, no gas is evolved 
when concentrated nitric acid is added to a pulverized uric acid calculus, whereas 
effervescence occurs in the presence of ammonium urtile. I)oman.ski’ emphasizes 
this point and further states that in-ie acid is not appreciably .soluble in nitric 
acid although urates dissolve readily. In our experience bolli uric aeid and 
urates are soluble under these conditions. Uric acid, wliether reagent pure, I’C- 
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covered from a lateritious deposit or obtained in calcareous form, reacts with 
concentrated nitric acid so as to release a continuous stream of bubbles until the 
powder is no longer visilile. In the case of stones, the effervescence is quite 
frotliy wliereas it is quieter and confined to a swirling motion within the fluid 
when pure uric acid is tested, but this may be due solely to the fact that the 
reagent grade acid exists in a more finely divided form than does the crudely 
ground calculus. All stones giving a positive murexide test ha%'e shown this 
gas formation whether ammonium urate was present or not. 

In this connection a further point needs clarification. The standard method 
for testing for the ammonium radical in urinary stones involves the addition of 
strong alkali for the release of ammonia gas and its detection by wet pink litmus 
paper or filter paper treated with Nessler’s solution. Domanski found that 
ammonia was not obtained from ammonium urate by this process. "We have had 
no difficulty in di.stin,guishing between ammonium urate and uric acid stones by 
the method de.scribed in this paper (test 8). However, ammonium urate stones 
appear to be relatively rare — which may be less fact than failure to discover the 
ammonium radical. 

Ashing Process . — Another helpful procedure is to ash a sample of the stone 
in a porcelain crucible. Tliis is a desirable preliminarj- to the test for phosphates 
given in the table (te.st 2) but is not essential. It is difficult to evaluate the odor 
of the heated stone except in the case of cystine. This penetrating odor, once 
experienced, is never forgotten. It follows the first curl of .smoke and diminishes 
in intensity uith increased heat. Both cystine and urate .stones blacken rapidly, 
the former burning “clean” and the latter with advancing greasv* brown rings 
np the crucible; both leave the crucible empty. The residue fi’om phosphate 
and oxalate stones is of about the same bulk as the oiiginal sample. The phos- 
phates rarely give a white ash even after long and hard heating. With ox- 
alates the ash is more nearly white and effervesces if acid is added as in testing 
for phosphorus since oxalate is converted into carbonate by heating. This effer- 
vescence is not to be confused with spattering obtained on adding a fluid to the 
hot ash. Sulfonamides melt and fomi a black tariy mass which is resistant to 
ashing. It can be seen, then, that the response to heating may furnish valuable 
clues as to the composition of a calculus. 


SL’JDLAKY 

1. A scheme of urolith analysis is presented whicli is simple, rapid, and de- 
pendable. 

2. A number of calculi or separate layei-s can be analyzed simultaneously 
with the simple equipment required. 

3. The physical characteristics of urinary stones and sui)plementary means 
for testing their composition are discussed. 

Appreciation is expref.'ed to Dr. Joseph .V. Hyanis for his stimuLatinc interest in thio 
inve.stigation. ~ ' 
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A CRITICAL .STUDY DU TIIU CAT?R-PHfUE KEAUTIDX UOH THE 
DETEinilXATIOX DU jQ-CAKOTEXE AXD VJTA.MIX A 
IX BIDLODICAL IMATEHIAES® 


Makoahct 1Cas!:i!, I’u.D.. and .Iakoij A. .SrcKOb. D.Sc., Xashvii.m:, Tk.n'x. 


S EVERAL metlioil.s Ita.sed on the Uarr-Prieo' rt'aclion for llie (letcniiiiiatioii 
of ^-earoteno and vitamin A in biological niatcrial.s have been dc.scfibed 
and widely applied to nutritional studies.^' The limitations of the re- 
action have been jiointed out on .several oecasion.s^- • .and .stimniarized recently” 
with the conclusion tliat under properly controlled eondition.s the antimony 
trieliloride reaction with /?-carotene and vitamin A is suitable for .some sfudie.s, 
although spectrophotometric and biological assays give more reliable re.sult.s’. 
Sakamoto’'' found good agreement between values for /?-carotene and vitamin 
A obtained by polarimetric and colorimetric method.s. ISmbree' linds that the 
measui'ement of the color produced by antimony tidehloride in the ju'esence of 
vitamin A by the u.so of tlie photoelectric, colorimeter is almost as exact as that 
given by the spectrophotometer. Salter,'-'- on the othei- hand, in a recent re- 
view stated that the methods for vitamin A based on the Carr-Priee reaction 
are too erratic for routine use. 

We have had occasion in this laboratory to use the Carr-Priee reaction 
for tlie analjAsis of a large number of .samples of blood jdasma or serum, vitamin 
couceiitrate,s, and rat tissues. In view of the recent criticism of the reaction, it 
appeared important to establish the validity of the results obtained by such a 
procedure. Therefore, the present work was undertaken. 


EXPKKlSinNTAI. 

Two modifications of the Carr-Priee i-eaction, both of which involve the 
use of the Evelyn colorinieter, have been studied. Due is the mieromethod de- 
scribed in detail by May, Hlaekfan, McCreary, and Allen,’" and the other is 


■^Froni tlie Depurl«ierit of Biochemistr>% Vamlerbilt University MeiVical School, Nash- 
Receivetl for publication, July 13, 1912. 
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tlic macroprocecliirc outlinefl liriefly liy Lewis. Borlansky. and Haig.® The 
two mcthofls wore ooniparctl for the reprodneibility of re.sults on different 
and on the same samjiles of l)lood plasma. Since the macroproeedure was 
found satisfactory in our hands, we shall describe it in detail. Recoveiy stud- 
ies of crystalline /3-carotene aiul vitamin A employing the macroproeedure 
were also made. Although Embree' found that serious loss of vitamin A 
potency results from exposure of solutions of vitamin A in clear glass test 
tubes to ultraviolet light for four to five and a half hours, we used throughout 
only clear gla.ss glassware. Since tlie average time neces-saiy to complete the de- 
tenninations was an hour or less, the excellent recoveries obtained indicate that 
the de.structive influence of ultraviolet light under the conditions used was not 
in evidence. However, when a large number of samples are riui at the same 
time, requiring several hours for the completion of the determinations, 
EmbreeV suggestion to use amber glassware to prevent the destruction of 
vitamin A by ultraviolet light becomes of practical importance, particularly in 
the case of samples of low vitamin A potency. 

JIACROPROCEDURE. BLOOD PLASUA OR SERUJI 

Five milliliters of 95 per cent alcohol and 8 ml. of petrolexun ether (B.P. 35° 
to 75 ° C.) are added to 3 to 5 ml. samples of blood plasma or serum, and the tubes 
are shaken on a mechanical shaker for ten minutes. After centrifuging two or 
three minutes at 1,300 r.p.m., 6 ml. of the petroleum ether layer are transferred 
to a previously calibrated colorimeter tube, and the carotene reading is taken 
vith filter 440. The Evelxm tube is immersed in a water bath at about 65° C. 
and is connected to a water pump. Evaporation is complete in foiu- or five min- 
utes. Prolonging the time of evaporation to ten or fifteen minutes was foimd to 
lower the vitamin A values by about 10 per cent. The residue is dissolved in 
0.6 ml. of chloroform, and with the tube in.serted in the coloiimeter, 5.4 ml. of 
25 per cent antimony chloride in chloroform are added as quickly as possible. 
The minimum galvanometer reading with filter 620 is taken within thx-ee seconds 
before the color developed begins to fade. 

The carotene values are calculated with the constants of Koehn and Sher- 
man,' and for vitamin A we have used the fomula of Dann and Evelra- and the 

factor of 2,100 given bv Holmes and Corbet^ for convertinn E — ~ (39S mu) 

1 cm. 

to international units. 

X 2.G5 X G X 100 

a X ml. of sample = -'ncrograms of carotene per 100 ml. 

r jUr) _ O.lj 1 _ G 

l-S X mi. of sample t x ml. of sample 1 ^ ° '' lOO ^ ^ 2,100 — 

I. U. vitamin A per 100 ml. 

RAT LWER 

One gram samples of liver are heated with 5 ml. of saturated pota.ssium 
hydroxide in 95 per cent alcohol at 75°-S0° C. for forty-five minutes with oc 
casional shaking. After cooling, the digests are made up to 10 ml with w ' 


TIIK .TOVUXM. or r.\HOI{A'J’OKY AXI) CtJNlt'AI. MKDK’I.Vi: 


noG 

For liver .saniplo.s eoiilaiiiiiit: alioul 100 (o 1,000 internaf ioiial uiiils per "raia; 
an aliquot of 0.2 nil. is lakini for analy.sis. The .sample is dilnterl to alxait 
5 ml. Avitli water ami from tliis jioint the determination is eari-ied out in tlie 
same way as was deserihed for Mood jilasma. 

Applying: this proeednre to tlie livers of rats maintained on diets of var- 
ious nutritional (lualities, ive obtained eoneordant results with .satisfaetory re- 
producibility.’'' 

mscussiox 

Table I .shows data obtained by the mierojirocedure of May. Dlaehfan, 
l^IcCreary, and Allen’" and the iirocedure de.seribed abov(>. The ob.jeetive was 
to chock the reiiroducibility of the values obtained iiy botii ])roce<lure.s on 
ditl'erent sanijiles of blood iilasma. Table 11 illustrates the analytical values 
obtained by both jn'oeedures on the .same .samples. It will be .seen from the 
data pre.sented that the niaeroproeedure described above drives consistently 
better and more reproducible values than the microprocedure. We believe 
that this ditl'erence in the performance of the procedures is not due to any dif- 

T.mo.v. j 


KKrnoiirciiin.iTv or Itrsui.Ts roi: /SCaiiotii.vi; .\.\i> Vita.mi.v .A i.v IIcman- Proim ]’i.AS.\rA iiy 
T in: MK’i;ori:(»ci;iiri:i: a.\i> ArAci:oi’i:ocri>ri:i: 



SAMTU: 1 

1 .sAMri.i: n 


MICKOMKTUOI* 

MACiai.MKTHOD 


OAlUiTKN'K 
/a(i/100 ML. 

VITAMIN* A 

1 l.r./10(» ML. 

1 t’AKOTKN'K 
! //(j/llHt ML. 

yita.mis a 
i.r./ino ML. 


Il!S.il 

■■■1 1 jfjgggggf 

no.) 

M.S.n 


105.8 


121 .S 

152.1 


1 -tl.O 


120.7 

1.55.9 


11 9.0 

79.7 

121 .K 

r 1 


122.9 

02.9 

IKS.l 



110.9 

77.1 1 

12.5.1 


1 

K11.9 

119.9 

O.j.l i 

t»7.t» 

lIS.-l 

151.1 

A VO rage 

125.8 


129.5 

151.5 

Maximum ilcviation from 
moan 

11 . 0 % 


•1.97r 

9.1% 

Avorago deviation from 
mean 


u.::% 

1.9% 

5.0% 


Tahi.k 11 


COMI’AUISOSr OF VAI.UK.S FOI! ^-CAnoTE.VE ASP VlTAMIS’ A OllTAI.VEIl O.V THE Sa.ME .SA.MI’I.E OF 

Blood Plas.ma iiy the JiriciioriiocEnniE an-d SlAciiOFiiocEDna; 


SAMPLE 

MACKOMETIIOII ] 

.MICIIO.METIIOI) 

CAUOTEXE 
/lO/lOO ML. 

VITAMIN A 
1.1T./300 ML. 

CAIIOTENE 
flC./tOO .ML. 

VITAMIN A 
I.U./lOO ML. 

1 

lOS.O 

25.S.2 


227.5 


17.5.9 

518.9 


222.7 


171.5 

501.2 



Average 

171.5 

292.8 

154.0 

219.4 

o ' 

171.5 

004 O 

158.0 

147.8 


172.0 

241.6 

— 

— 

Average 

172.0 

252.9 

158.0 

147.S 

3 

03.7 

40.0 


24.1 


03.7 

42.9 



Average 

63.7 

41.5 

1 44.8 1 

24.1 
































KASER AXD STEKOt,: CAKR-PRICE REACTION 


907 


ference in the basic principle employed, but to the difficulty in cariying out all 
the steps involved in a sufficiently short time by the mieroprocedure as is es- 
sential to the accuracy of the reaction. 

Table III indicates that no significant increase in the A'itamin A resulted 
after a preliminary saponification of 3 ml. .samples of plasma in alcoholic potas- 
sium hydroxide for twenty minutes. It appears that most of the vitamin in 
normal human plasma exists in the free form, as has been sugge.sted pre- 
viously.- 

Table in 


Efi-ect of Sapoxific.vtiox ox the ^-Carotexe -VXD ViTAMix A Values of Nop.itAL Humax 

Blood PL.\sxrA 


SAMPLE 

CAROTEXE 

nTAMIX A 

/tG/lOO ML. 

I.U./100 JfL. 

CXSAPOXiriED 

SAPOXIFIED 

1 rXSAPOXIFlED 

SAPOXIFIED 

1 

243.2 

241.9 


136.5 

2 

215.8 

206.8 


141.1 

3 

08.8 

88.2 


154.6 

4 

1G0.8 

151.8 


134.0 

0 

146.8 

145.6 

107.1 

100.4 

6 

110.6 

106.7 

127.6 

137,6 

7 

307.7 

285.0 

122.8 

132.0 

8 

103.1 

103.1 

119.1 

120.7 

Average 

173.4 

166.1 

127.6 

132.1 


Table IV 

Recoa-ery of Cp.ystallixe ^-C.arotexe axd ViTAiiix A From Petroleum; Ether 


CAROTEXE 


VITAMIX A 


ADDED 

FOUXD 

ADDED 

FOUXD 

fiO 

MG 

MG 

I. u.- 

1. r. 

0.464 

0.484 

0.463 

1.389 

1.470 

0.696 

0.748 

0.695 


1.944 

0.928 

1,003 

0,926 

2.778 

2.628 

1.160 

1.265 

1.158 

3.474 


2.320 

2.389 

2.316 

6.948 

6.840 

3.480 

3.498 

3.474 

10.422 

10.980 

4.640 

4.650 

4.632 

1.3.896 

13.560 

5.800 

5.995 

5.790 

17.370 

18.225 

6.960 

7.059 

6.948 

20.844 

19.710 

8.120 

8.203 




9.280 

9.240 




10.440 

10.380 




11.600 

11.290 




12.760 

12.240 




13.920 

13.450 





•The neiRht."? of cr> st;jUine_ vitamin taken were converted to international uniL« hv 

RiA'en bv Holme-s and Corbet.- 


nieans of the relationship of 3 I. V. per microgram 

Recovei;ies of carotene and vHamin A were made on separate solutions of known con 


rtecovenes oi carotene anu \itamin a were mane on separa 
centration. The average deviation from the theoretic.al value.s, a.s 
above, wa.s +1.B per cent for carotene and -1.9 per cent for vitamin 


I — .1 . . . - con- 

cidculated from tlie figures 


Tables IV and V show data illu-strating the recovery of crystalline 
^-carotene and vitamin A from petroleum ether, cither separatelv or when 
mixed in various proportions. As will he seen, the procedure outlined above 
gives excellent recoveries with reasonable experimental error.s. In Table VI 
are presented data for the recovery of /3-earotene and vitamin A from normal 
human plasma. Again the recoveries were sufficiently good to warrant the 
use of the procedure for I'outine use. 
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T.Mti.F; A’ 

Kkcovuhy nr MixTvnrs oi I'l-.vsT.o.i.iNr, ^-Cakotcnk ak)> Vitamin A I’nnoi.v.cM 



TAKrrnr.vK 

VITA.MI.V A 

.SKHIKS 

.MtriKi* 

rarsif 

APi>i;o 

fv>rxi) 


pa 

ft(i 

/!(! 

I. i:.‘ 

i.r. 

1 

ii.TOK 

■■■KnRCTHH 

0.421 

J.20;! 

].i.':i 


»> J .>‘J 


0.421 

1.20.'! 

l..')}! 




0.(21 

1.20.'! 

1.170 


•l.O.'i" 

1.002 

0.421 

i.2o:: 

1.2 IS 


(i.lili) 

<1.201 

0.421 

1.20.'! 

i.no 

11 

0.708 

0.80;! 

:i.r.or 

10,o21 

lo.osn 


•) JO'» 

2.lo:: 

;:..'.o7 

10.521 

1 


.■i.ulO 

:!.ioo 

:!..')07 

10..521 

10.500 


4.0.) 7 

4. 72:! 

:!.r.i)7 

10.521 

10..'! 17 


(i.400 

<i.2:',7 

0...-)O7 

10.521 

lo.o;:.') 


•Tiic wf-'Fplits of oyf^toUin'* vUaoilti worr* coovt-rtod (o inloi'niitlonal iinit.s Dy 

means of the ivlatlonsliin of .I J. I’, la-r mlcrocram sivon tiy iUiliiii s and CorIjetA 


The aveiTiKC deviation from tlie liieoretical values In series I was -0.2 ner cent for caro- 
tene and +2.2 Dor cent for vlt.-iinin .\ ; In .series 11, for carotene It wa.s +10.S per cent and for 
vitamin A -0.6 /icr coat. 


taiidk vr 


Er.covK.r.Y or Ciivst.m.i.i.si; p CMumist: and Vitamin A Addkd to Bi-ood Pw.n-MA 


(■i,arma i,kvi:i,s | 

CAnoTKNC 1 

1 VITA.MI.V A' j 

1 TOTAb i:Krovf:i!i;o 

CM;oTi:sr. 

inrA.ur.v a 

AfUiflfi 1 

! totai, I 

Alil>i:b 1 

TOTAL 1 

l■.\I'.0Tl:.s•r 

VITAMI.S' A* 

ao/lOO 

r. i-./ino 1 

an/ioo 1 

pa/ioo j 

1 . r./ino 

I.l-./IOO { 

a 0/1 no 

I. r./lOO 


1 

MI,. i 

L i 




ML. 

120.7 

1 107.5 1 

iBQomi 

mmtmm 


22.'!.0 

.'Olo.O 

22:!.(i 

120.7 

1 107.5 




44S.I) 

144.1 


120.7 

1 I()7..) 

HuSul 



.'!:!5..S 

o;^*> 2 

1 :!.'l.'!.0 


•The welKlit.s of cry.stalline vitamin taken were converted to International units by 
moan.s of the rehition.sldp of 3 I. 1.'. per microf:rani piven by Ilolmc.s and Corbet.' 


Petroleum etlier -solutions of /.’-carotene and vitamin A of known concentration were 
added to normal ltum;in blood plasma In wblcti the concentrations of carotene and vitamin A 
wore previously determined. 


SlM-MAIty 

Tlie apjilicabilit.y of llip Cai'r-Prift* ppacjion to ihe finiilysis of hioloffioal 
materials lia.s been c’l'ilieall.v i-p-e.xainiin’t} iisitiir tlio Kvolyii photoelcotvic 
eolorimetor. Kxcellfiil recoveries of eryst;illine ^-enroleiie and viianiin A 
tvere obtained with reiii’odneible re.suK.s. The maeroprooediii'e do.seribed iva-s 
found saiisfactovy foi- routine analysis of iilooil pJasina or .serinii. Preliminary 
saponification of plasma or sei’iim was found to have no .siffiiificant effect ou 
the vitamin A or carotene eoneent rat ions in norma) hiiinan plnsina. lieceni 
criticism.s directed again-st the C'arr-IViee reaction as the basis for tlie quan- 
titative determination of vitamin A and /?-cai'otene in biological material-s 
should take into account the ciivefnlly .stieeitied conditions which are e.ssentinl 
to the successful application of this reaction. 

The studies referred to herein rvere eondiicled under the auspices of the 
International Health Division of the Roc-kefeller Foundation of New York City 
b.y the nutrition units of the Depai’linents of Bioehemistrj- and Hredicine, 
Vanderbilt University School of Medicine, Nashville, Tenn. 
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Robkrt C. Pagic, M.l)., Eiuvix J. oi; Bkrr. Pu.D.. axg Z, Hwirovn/;, ^I-O. 

Nkw York, N. Y. 


T he clinical inlccpi'ctalion of laltoratocy tests ninst he i)asc(l on a luunvl- 
edgo of factors tliat may t'aiisc a variation in the test, 'rite increasing use 
of the prothronihin clotting time test in studying hleetiing and hemorrhage 
hrings tip the qnestion of the 2 -elalion of pi-olliioin)>i)i elofting time to the Wood 
eoncentration of other faetoix involved in the eoagnliit ion mechanism (calcium, 
thromboplastin, fihrinogen, etc,). 

The study reported here consisted of ohiaining hlood from healthy adults 
and from i)aticnts with chronic tdeeralive colitis or miscelhmeous gastro- 
intestinal diseases and determining the pi'othromhin clotting time and the 
fibrinogen content of the plasma. 


Min'iion OR sTfnv 


Blood of healtliy normal adults and of patients attending an outpatient 
clinic was obtained. Most of the hlood was ol)tained in the afternoon so tlie.se 
were mainly po.stprandial specimen.s. Blood for determination of the pro- 
thrombin clotting time and fibrinogen content was di-awn id the same time. 

The method cmiiloyed wiis Qinck’s i)i’occdure’ modified by using Russell 
viper venom imstead of brain thromboplastin.-'* Four and onc-half cubic 
centimeters of venous blood were drawn into ii tlry syringe and mixed with 
10 mg. of potassium oxalate in a centrifuge tube. The blood wa.s centrifuged 
at 1,500 r.p.m. for five minutes, and the oxalated ])hism!i was drawn off. The 
test was performed within two hours after wit hdi'iiwid of the hlood; if hemolysis 
was present, the sample was di.scarded. The test Wiis performed as follows: 
0.2 c.c. of oxalated plasma was jiipetled into a small test lube (75 by 10 mm.), 
and 0.2 c.c. of Ru.ssell viper venom,*'' 1:10,000 solution, was added. Calcium 
chloi'ide solution (1.11 Cm. calcium chloride per 100 c.c.), 0.2 e.e., was then 
added, and the stop watch immediately started. The lube was agitated for from 
ten to fifteen seconds and tilted until .separate disci'otc fibrin particles could 
be seen. The prothrombin clotting time in normal individuals using Russell 
viper venom has been found to be 20.76 seconds ± 2.32 seconds^ and 19.5 sec- 
onds + 2.9 seconds.'^ 

The method used for the fibrinogen content of blood plasma was a com- 
bination of the methods of Howe® and Wir and Koch and McMeekin® as 


■c’rnrv, thp Gas'ioenterolosT.' Clinic, Department of Aledicine, New York PostBradu.ale 
Medicr/ sohool\na Hospital. 

■Received for publication, Julj 10, 194.. 

*<5ur)Plietl as "Stypveny Russell Viper Venom by The Burrouelis Wellcome & Co. 
(U. S. A.). Inc., New York, N. Y. 
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adopted ill tlic Biochemical LalioraloTies o£ the Philadelphia General Hospital. 
One cubic centimeter of oxalated plasma n-as diluted with 48 c.c. of physiologic 
saline. One cubic centimeter of calcium chloride was then added and the mix- 
ture was allowed to stand for thirty minutes. The clot was removed, dried, and 
placed in an ignition tube with 1 e.e. of acid digestion mixture. Five drops of 
caprylic alcohol were added to prevent foaming. The mixture was boiled %-igor- 
ously and when white fumes appeared, .superoxol (30 per cent H^O,) was added 
to clear the solution (about 0.5 c.c.). The .solution was again heated vigorously 
and then cooled. Distilled water was added to make a total volume of 35 c.c. 
Fifteen cubic centimeters of Ncssler’s solution were then added, the solution was 
centrifuged, and the supernatant fluid was matched against standards containing 
from 0.6 to 1.0 mg. of nitrogen. The normal range for plasma fibinnogen with 
this procedure is 0.2 to 0.4 Gm. per 100 c.c. 



Fig. 1. — Chart showing relation between prothrombin clotting time and plasma fibrinogen in 
normal adults and in patients with gastrointestinal disorder.?. 


DISCCSSIOX OF RE-SULTS 

The results are plotted in Fig. 1. It will be observed that the points are 
widely scattered, and there Is little evidence of any trend except possiblv that 
longer prothrombin clotting times are associated with lower concentrations of 
fibrinogen. This po.ssihility was inve.stigated hy calculating the con-elation 
coefficient which was found to be -0.145. Since this figure fails to exceed the 
tabular value of 0.3246 given by Fisher and Yates^ for a probabilitr of 0 05 
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THK .lOlUi.VAI. 01’ I.AllOKATOKV AND OIAXICAO AIKDlOIXi; 


wliicli cori’CKijoiKls to 1 ciiiiiicc in 2(1, no ('orrolotioii cjiii l)o said to oxist. C’oii.so- 
((ucnlly, llu’ pi'otlu’omhiii liiiif in these data is iiifli'pendout. (d' the amount of 
fibrinogen in tlio ])lasma. Ilowevei’, this does iu>t exeludt! llu* possibility that 
in certain as yet unknown diseases a eorreiation lielween these two variables 
will be found. 

sr.MMAJiV AXI) coxci.ir.sioxs 

No relationship was fouml to exist between tlie ])rotliroinbin eiolting time 
and the concentration of fibrinogen in the ])iasnia in norma! snlijecls and in 
patients with a variety of gastrointestinal lesions. 
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PROTHROMBIN STUDIES r.SlNti 


lU'SSKLL VJPBR VBNOiM 


V. IxTitmtATcu Vai{iatiox.s of Venom 


Rohekt C. Pace, JI.D., and Edwin J, de Beeu, Pn.D. 
New Yoke, N. Y. 


R ussell viper A'enom has been used for more than two years by us its a 
thrombopliistic agent in ti modified form of Quick's prothrombin test.' Tlie 
modification consists in substituting Russell viper venom for brain thrombo- 
plastin. HoAvever, more information on the stability and uniformity of dif- 
ferent batches of Russell viper venom is desirable when it is to be used in sueli 
a quantitative time relation test. 

Other Avorkers using Russell viper venom in this test liave mentioned the 
subject of interbalcli variations. Witts and Hobson- stated that different 


TCrnm the Cheiuical Laboratory of the Department of Surgery. College of Physicians ami 
Columbia Univer.slty and Prc.sbyterian Hospital. New York, and Tlic Bunouglis 
Wellcome & Co. (U. S. A.). Inc., Experimental Research Laboratories. Tiickahoe. N. Y. 
Received for publication, July 23, ltM2. 
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batches of Russell vipcv venom as purcha.sed vary in coaculant power but that 
vials from the same batch are very constant. Cro.sbie and Scarborough" used 
two different batclies of venom whieh did not differ appreciably in actiiity. 

The object of the prc.sent study was twofold; (1) to learn how much varia- 
tion existed between batches of Rus.sell viper venom and (2) to detennine if age- 
ing had any effect on the potency of this tj-pe of preparation. 


DESCRIPTION" OF PREPARATION' 

The venom of the Russell viper ( Vipera russellii) i.s collected by the u.sual 
methods employed at snake farms in India. The venom is then dried, sterilized, 
and standardized by comparing it with a sample of known potency on fowl 
and horse plasma. Following this the venom is packed in diy foiTn in nitrogen- 
filled glass ampoules. 

Venom in ampoules, of different batches, has been collected for the past four 
years and kept at room temperature so that when this study was begun samples 
from thirteen different batches were available and they varied in actual age up 
to five and one-half years.® 

METHOD OF STUDY 

Four essentially nomial adults were selected, venous blood samples were 
obtained and pi’othrombin clotting times determined for each blood .sample with 
each of the thirteen batches of venom. 

The method employed was Quick's procedure' modified by using Russell 
viper venom instead of brain thromboplastin.''- ' Eighteen cubic centimeters of 
venous blood were drau"n into a diy syringe and mixed with 40 mg. of pota.s- 
sium oxalate in a centrifuge tube. The blood was centrifuged at 1.500 r.p.m. 
for five minutes, the oxalated plasma was drawn off, and the te.sts were done 
immediately. The test on each batch was performed as follows: 0.2 e.e. of 
oxalated plasma was pipetted into a small test tube (75 by 10 mm.) and 0.2 c.c. 
of Russell viper venom. t 1:10,000, solution was added. Calcium chloride solu- 
tion (1.11 Gm. calcium chloride per 100 c.c.). 0.2 c.c.. was then added and the 
stop ivatch immediately started. The tube was agitated for from ten to fifteen 
seconds and tilted until separate discrete fibrin particles could be seen. Tlie 
prothrombin clotting time in nonnal indiriduals using Russell riper venom has 
iieen found to be 20.76 seconds r 2.32 seconds'* and 19..5 seconds r 2.9 seconds.''* 
Each of the four subjects had essentially a normal prothrombin clottins time. 


RE.SUXT.S OF STUDY 


The re.sults are given in Table I. In order to determine whether significant 
variations existed between batclies and whether there was evidence of deteriora- 
tion with age, tiie data were plotted as in Fiir. 1. It will be observed that the 
mean prothrombin clotting times obtained with all batches regardlc.ss of age fell 


•In tho f‘xnunmi'nls. nk'o of vinom to olnn?-,! liinf in i u i ■, 

“oxpirntion tlnto’* an«l the tlnte of the experim-nt. The venom nctu iHv w'L 
thnn the.«e n^ures imlicalf becaii?.- the r-xpimtion ilnP- on tlie rimpouVe ii op.-' 
of the <lnto on which tho venom wns pla<y*d in the ampoule* * ‘ a'I%;ince 

A.), woucom. ^ Co. (U. S. 
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Pro thrombin Clotl/ngTicie 
of Botch in Doij* 



RV30C • RV99B-RVI2?B-RVI3^A-RVM6A-RVI5a6-RVI64A-RVl9l& • RV199 D- RV200A- RV2I0 A • RV2I2 A • RV230B- 


Batch Humber' Russell Viper Venom 


Fir. 1. — B.nr Rrapli sliowinR tlie v.ariatloiis in protlirombln cIottlnR time obtainoil ivitb 
thirteen b.ntches of Russell viper venom of different oros. Clear column.s repre.sent mean pro- 
thrombin ciottinR time; black columns represent aRC In days (time elapsed betiveen e.vpiration 
date and day of c.xperimont) of tlic particular batch of venom. 


tvithin very narrow limits, roughly twenty-two to tAVcntt'-loiir .seconds. Also, 
although the age of tlie oldc.st bateli tvas 1,632 days (alnios) four and oiio-half 
years), its mean prothrombin time value (21.6 seconds) was almost the .same 
as that obtained Avith the newest batch bearing an expiration date that would 
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not be reached until about ei.iiht months after this study and haring a mean 
protliromliin clotting time of 22.3 .seeond.s. It seems obriou-s, therefore, that 
as far as this study goes, ago did not affect the potency of the preparation. 

A statistical examination of the data, in which an analysis of variance was 
calculated, revealed that no significant variation between batches existed. F, the 
variance ratio, was 1.3S6 wliioli. according to .Snedecoi''.s tables,* is not to be 
comsidcred significant. If patients with prolonged prothrombin clotting time.s 
had been used in this study, greater variations would have been introduced, and 
the difficulty of detecting po.ssilde interbatch variations would have been in- 
creased. 

SUrniARY AND CONCLUSIONS 

1. Samples of Russell viper venom in nitrogen-filled ampoules were found 
to be stable over a period of at lea,st five and one-half years. 

2. Variations between tliirtecn different batches were not found to he .sig- 
nificant. 

We wish to express our appreciation for the assistance anti cooperation of Dr. Louis 
Bauman in whose laboratory this work was carried out. 
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A SIMPLIFIIOI) TECHNIQUE FOE .AIEAEUEINC UENAE ELOOD FJ.OW 
AND TUBULAR EXCRETORY :MAES 


Thomas Findi.kv, .Ioskimi C. Eowaiids. .M.D.. IOtta Clinton 
AND II. L . Wmitk, St. lioui.s, :\Io. 


A RELIABLE siinjilificatioii of Smilli'.s oriiriiial Ifcimifiiio' for deteriniiiinjr 
renal blood How and tubular excrinory mas.-; would bo liiirbly dc.sirable. 
We have previously reiiorted- liial tlie subculaneoii.s in.ieotion of diodrast and 
inulin can produce p]a.sma concent rat ion.s .suitalilo for clearance .studies and 
that this method i.s very niucli more simple than that which depends upon con- 
stant intravenous infusion. Plasma iodine concentrations sufficiently hi'rli for 
the measurement of diodrast-Tm cannot he estahlishe<i in this way. however, 
so we have sought an empirical substitute. This rei)ort concerns an attemjit to 
predict diodra.st-Tm from the total (piantity of diodrast excreted during the 
thirty minutes following a single intravenous in.jeetion of a standard dasc. It 
appeal’s that the percentage of diodrast excreted under these conditions is sufTi- 
ciently proportional to diodrast-Tm to permit ])rediction of the latter from a 
line chart. The combination of thc.se two modifications greatly simiiiifies the 
entire procedure and reduces the required number of blood and urine specimens 
by nearly one-half. 

Plasma Diodrast and Inalin Clearance.— For subcutaneous use the 35 j)cr 
cent diodrast solution'’ is irritating unless diluted about three times with .saline. 
Inulin (Pfannstiehl, C. P.) must be thoroughly jiurified by boiling in water, 
filtering, and repreeipitating with alcohol three or foui' times until there is no 
visible residue on the filler paper; before each exjierimcnl the required amount 
is boiled again in 0.5 per cent saline sufficient to make a 25 per cent .solution and 
injected while warm enough to remain in .solution. 

The optimal plasma concentration of diodrast is 1 to 5 mg. per 100 c.c.; 
of inulin, 5 to 15 mg. per 100 c.c. We oi-iginally repoi'ted lliat these may be 
achieved by the use of 0.2 e.c. diodrast and 0.2 (Jm. of inulin per kilogram of 
body weight." Extended experience has shown lliat amounts half this large are 
usually adequate, particularly in abnormal .subjects. Tliis means that a 70 kg. 
subject requires the subcutaneous injection of al)oul 20 c.c. of diluted diodrast 
and 2S c.c. of 25 per cent inulin, but little discomfort arises since half of each 
solution is injected into the loose tissue of each axilla. Furthermore the injec- 
tions of diodrast and inulin are .separated by an interval of about forty -five min- 
utes. 


Tfrom the Departments of Mecticine anil Phy.siolopy, Wa.shiiiKton T'nlver.sity Scliool of 
MeiUclne. and the St. Louis City Hospital. St. Louis. Mo. 

Aided by Grants from the Smith. Kline and Frencli Laboratories, Pliiladelpliia (T. F.), 
and the Commonwealth Fund (H. L. W.). 
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Diodrast -iodine was determined by the method of White and Rolf® and in- 
nlin hy a slight modification of that of Corcoran and Page.- 

Diodraai-Tm Huh^diutc . — In a study eoncerned with intravenous py- 
elograpliy,' we have shown that normal subjects wlio received an intravenous 
injection of diodrast (0.2 to 0.6 c.c. kg. at a uniform rate during a five-minute 
period) excrete a relatively constant fraction of this dose dui’ing the next half 
hour but that the plasma iodine concentration fails somewhat below that required 
for Tm determination at the end of this time. Since at lugh plasma iodine 
concentrations the glomerular and tubular contributions to total urinary diodrast 
are approximately equal and since our abnormal subjects® have shoum no marked 
disproportion between glomerular filtration rate and tubular excretory mass, 
it seemed likely that reductions in diodrast-Tm would be reflected by pro- 
portionate reductions in total diodrast excretion rates. 



diodrast — Tm 

Cfuirt I.—Corrf.Iation l)<-t\v.;.-n ilto<Tr.ast-Tm ami tho thirty-minute tc.-^t. 


Chart 1 shows results obtained on a series of normal .subjects and patients 
with various renal tlisordcrs. The diodrast-Tm determinations wcj-e made bv 
a slight modification of Smith’s te<-huique: most of them have been reported 
elsewhere.'- Each point represents the average of at least three perjod.s Tu 
or three days later each subject Ava.s given an intravenous injection of diodi-ist 



fliS Tiir: joiTHNAL or i.aiiokvtoiey and oianioai, .aekdicink 

(0.3 c.(‘. Ufi'.) [0 ii onirorin nitr (luring n (iw-ininulf piTind Jiiid IIk' total ainoiiiit 
oxci’otod in tlir tliii'ty ininuti's !'(illo\vln;_'’ <-<implct ion of lln; in.ic('ti<in dctavniincil. 
Exprosscd a.s a rracfioii (if tlir iiijralion dose, tiiis valiir was plot led against 
diodrast-Tni. In (’Inirl 1 it is not inlemied to niiniiidx.f' tlie oeeasional wide 
di.se eepaiiey at low 'I'm levels; the jiereeiiliie difi'ereiiee is soitielinies lar^re hut 
not. in our exi)erienee, laruee Ilian the duetiiations whieli have appeared in 
eonseentive Tm periods obtained by the eonvenlioiial inrnsion teelinifitie. This 
.series is too .small for stalistiejd aiialy.sis. but it .sniiuesls that flm error in pre- 
dictin'^ Tm from this line chart is le.ss than • 10 per cent. 

Except for a few specially trained subjects, all of the half-hour iii-ine col- 
lections were made by eat holer and repealeil bladder washings. 

Combined T(<]nnfinr- -Au imlwellinir ealhelei' is applied to the fiistincr hut 
liydrated .subject, and a blood .samiilo is obtained which serves as a blank for 
the diodrast and innlin detei'mination.s. 

Tho subject lies on his h;iek with his hands iimh-r his head. I’lider 1 Jicr 
cent jiroeaine anestliesia lialf of the innlin sfdiitioji is injected into the snheu- 
taneous ti.ssues of each axilla ;il aboui the fifth inlersiiaee in the anterior ax- 
illary lino. A 2:") e.e. jilass syi-in<re is usually aileiiuate ;ind a threo-ineh 18- 
jraugc needle is .satisfactory. If the needle is fully in.serletl and slowly with- 
drawn durin;? injection, no jireat rn})lnre of tissue occurs. We have not ma.s- 
satied the areas after injection. 

About forty-five minutes later the diluted diodrast is in.jecled into the .same 
places. This may cause momentary burninjr. 

About fifteen minutes later the fn-st blood samjde (hopaian) is obtained, 
tho bladder is washed witli .saline, and eleai-anee periods arc established in the 
u.siial manner. Satisfactory jila.sma concentrations of diodrast and innlin exist 
for at least three hours. 

The final blood .sami)le is withdrawn after the hast urine eoileetion has 
lieen made. The quantity of undiluted diodrast uoee.ssary for Tm estimation 
(0.3 e.e. kg. in five minutes) is injecte<l through the same needle and tho blad- 
der wa.shed for the la.st time e.xaetly tliirty minutes after tho ond of tho injec- 
tion period. Thi.s samjde is a?ialyzod foi' diodrast oidy and comi)lelely rejilaces 
the minimum of throe blood and three urine .samjiles required by tho intravenous 
teehniquo. 

It is of coixr.se o.sscntial that tho eatiiotor be draining freely and that the 
liiadder be thoroughly washed. AYo have usiudly used five 20 e.e. portions of 
.saline for tliis purpose, and all of those ai-e added to the voided .sjxocimcn before 
analysis. 

One opei’ator caix easily examine txvo subjects siimdtaneously in this xvay. 

D1.SCUSSION 

Account must of course be taken of the diodrast contributed to tho ui’inc 
by tlie subcutaneous depots during the Tm period. The points in Chart 1 
wei'c obtained on diodrast-free subjects, but tlie combined technique described 
above requires that the thirty-minute test be perfoi'incd on individuals Avhose 
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urine already contains diodrasl coming from the axillary resei-voirs. Failure 
to correct for the iodine from subcutaneous sources may increase the Tm esti- 
mate iiy 20 per cent. 

Chart 2 presents the necessary correction factox’s; it is compiled from 195 
plasma diodrast clearance periods in sixty-six subjects. Since the rate of di- 
odrast excretion depends upon (a) the plasma concentration and (b) the plasma 
clearance, we have divided our renal blood flow data into five groups, depending 
upon the mean plasma diodrast concentration obtained during the clearance 
periods : 0 to 1, 1 to 2, 2 to 3, 3 to 4, and 4 to 5 .mg. per 100 c.c. Each group is 



Tofoi Diodrast Excretion 

Chart 2. — Correction factors for <lio<lrast-Tm prediction. The numbf-r.s on the “lantinsr 
iine.s represent plasma diodrast-lodlne concentrations in mg. per 100 c.c. From the=e values 
and the observed plasma clearance.s the quantity of diodrast coming from .subcutaneous snuroei 
during the thirty-minute test may be predicted. ‘ ' 


represented by a slanting line and contains plasma clearances plotted a"ain.st 
total diodrast excretion rates. A.s.suming that the plasma clearance of .subcu- 
taneous diodrast is not altered by the inti-avenous injection, one mav subtract 
the predicted total diodrast excretion rate for every minute elapsing between 
the last two bladder washings. This intem-al is, of course, variable, since it in- 
cludes not only the five-minute injection period and the subsequent half-hour 
collection period, but also such time as may bo neee.s.sary for obtainin'^ the final 
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blood s<'irni)lc, oliiiiigiii"’ .syj'iD'ro.s', olo. Jt liiis seoniod belter In nialce (bis eorroe- 
fioii than to uttonipt to wash (be hinfhlor (wire in rapid .succession, Jt i.s believed 
that those corrections I’o/' siibciilancoKS (Jiodrast re(]uce possible errors in Tin 
e.st}«iiition not dej>ondeiif npoji te^dniical I'tiotors to considerably less than 5 per 
cent. The.se correction factors are j>rol»abh' a little too large, .since renal di- 
odrasl extraction i.s more nearly ooinjiUiio at lou’ than at high plasma eoncontra- 
tions. 


CONCIAtSflON' 

A line chart i.s pro.sented which permits prediction of diodrast-Tm from 
a single urine specimen. When (his is combined with the siibciifaneoii.s method 
for determining rcJial plasma flow and glomerular liltralion rule, the entire pro- 
cedni'c is gi'catly simplified. 
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MEDICAL ILLUSTRATION 


COLOR PHOTOGRAPHS SIMPLIFIED” 


Valentine J. Connolly, Staten Island, N. Y. 


I T IS generally conceded that color photography is a valuable asset in the 
presentation of post-mortem material. We have evolved a setup "which, we 
believe, reduces the problems of equipment, expense, personnel, and time to 
a minimum. 

The only equipment required is a miniature camera and a homemade frame 
of ordinarj’ wood. The color film used is the least expensive made and it costs 
but ten cents for each picture. The photographic work can be done by a mem- 
ber of the regular staff, thus eliminating the need of specially trained individuals. 
This is essential since most hospitals do not have sufficient photogi'aphic work 
to employ a full-time photographer. Once the setup is calibrated, it takes less 
than one minute to take a picture. 

The apparatus is $ 110 %™ in Fig. 1. For the most part it is made of wood. 
The base should be of heavy material to secure immobility and minimize rtbra- 
tion. The overall dimensions are about thirty inches by thirty inches. The area 
upon which the specimens are placed to be photographed (the millimeter rule 
in Pig. 1) is eighteen inches square. It is so fashioned that it can be slid up 
or doAvn upon wedges made for that purpose. The wedges are placed in steps 
about one and one-half inches apart. The camera is attached by a wooden 
extension and placed so that the lens is centered exactly in the middle of the 
plate upon which the specimens are to be placed. The camera must be fixed 
rigidly and left in the proper position. Two No. 2 photofloods in reflectors (card- 
board reflectors would do) are attached to upright posts at either side. The 
lights are set equidistant from the center of the specimen plate to illuminate 
evenly the area to be photographed. AVhen satisfactorily arranged they .should 
not be disturbed. 

In onr particular setup a Kodak Bantam with an Ektar F -.2 lens of 45 mm. 
focal length is used. Almost any miniature camera could be adapted to the 
purpose. A portrait lens placed in front of the regular lens seiwes the dual 
purpose of decreasing the working distance and more fully utilizing the film 
area. According to the portrait lens u.sed, the size of the image on the film may 
he increased one to two diameters. This is advantaeeous because it results in a 
larger screen image when projected. A polarizing screen may be added to the 
system to reduce reflection and high lights. Once it has been set to polarize 
the permanently placed light sources, care .should he taken that it is not moved 
from that position. 

•From Iho T'. S. Marino Hoj*pUnI. 

Ucceivcd for publication. Feb. IG. 1?43. 
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To cjilibralo llie soliii) the l)ack of llic oaiiuM'a is oja'iiod and a piece of "round 
glass placed at the film jilane. The inaxinnim and minimum distances of 
focus can be determined by iilaeing a iniliimetcr ruler on tlie sj)ceimen board and 
raising and lowei’ing the board by sfejis while observing the image on the ground 
glass. The highest and lowest satisfactory slei)s are niiirked and wJien a small 
specimen is photographed the highest step is used; the lowest step is used for the 
large specimens. The hoard is then placed halfway between these points and 
with the lens wide open a critically sharp focus is obtained of the millimeter 
divisions on the ground gla.ss. ^Vhen this .setting has been chosen it .should not 
be moved by .iarring. The shutter is then closed and color fdm in.serted. Tlic 
shutter speed .should be set, at the longc.st available time, one .second if po.ssible. 



Fiff. 1* — I’liotograpli of apparatus sliowin^r fixed camera, and llFThts and movable specimen board. 

An average specimen, such as a lieart, should be used for the calibration. TJic 
lens opening is closed to the lowest stop and an exposure made. The frame is 
moved along, the lens opening increa.scd one stop, and another exposure taken. 
This procedure is repeated until all available lens oiienings have been used with 
the same shutter speed. The purpose of the slowest shutter speed is that the 
smallest lens opening will be utilized and consequently the greatest deptli of 
focus will be obtained. After the films have been processed they may be pro.iected 
to ascertain the best exposure. The lens stop is retuiaied to this setting and kept 
there. Tlie time setting remains stationary. To take subsequent i^ictures it is 
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merely necessary to place the specimen in the proper place and make the ex- 
posure. The only variable is the .specimen. 

The method is not without limitations. Exceptionally small and unusually 
large specimens cannot lie rejjroduced well. Extremes in the color of some 
specimens, such as a dark blue lung or a wliite aortic vessel, wiU not be perfectly 
exposed at the medial exposure selected. 

SLIDLARY 

A simplified method of taking color photographs of post-mortem specimens 
is presented. The necessity of taking light readings, focusing the specimen, and 
making the usual camera and light ad.iustments is eliminated. By reducing the 
variables to one (the specimen), excellent results are generally obtained. 
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Psychog-enic Factors in Bronchial Asthma’^' 

JTi SYCnOGEXIC Factors i)i Ihonrhial .Ixtfiinn coii.sist.** of Iwo vnlutiio.'', tlio firft a 5yni- 
■* posium I)y sevorul luomliors of The Institute for I’syehoniuilysis, (,'Iiie!i};o, nticl the secoml 
it sorios of ease reviews. Allergists, es[>eeially in the early days of this liraneh of niedieine, 
were ppiilty of .a one-.sided outlook in their i“frorts to exidain and enre all asllitaa entirely 
on the basis of skin tests. More teeently their viewpoint has liroadiuied so tliat fjois] idler^jists 
today give as iniieh attention to nonallergie faeiors sneh as fo'-al infeetiotis and psyehogenie 
problems, as they do to .sjK'eifie therapy. Tlie reviewer's impression of the monograpli under 
discussion is that the psychoanalyst, hnvitig discovered a psvehogenie factor in some (*ase.s 
of iusthma, hits become guilty of th<> same hyperenthusisism for his partieidar approach. 
The cases studied by the method of dream analysis are too few to be inclusividy convincing. 
Tho observations are interesting and .should be especially so to those idlergists who may have 
devoted too little attention to psychogenic factors. Oni‘ still wonders what Imppens to the 
asthmatie tvho docsn ’t dream. 


Manual of Clinical Laboratory Methodsf 


A 


COMPREHENSIVE, 

technician. 


technical, loose-leaf 


compendium 


of methods of interest to the 


Synopsis of Blood DiseasesI 

T he purpose of this small book is to j)resent in .succinct form a svno]»sis of the salient 
features of disetuscs of tho blood, addre.sse<l primarily to the senior .student and the 
practitioner. 

This is admittedly a diflicult objective. The book is, heni’c, somewluit ditlicult to evalii.'ite. 
It was once said that if the Talh|vist Iiem<fgh>bin scale served no other purpose than to 
acquaint the ob.scrver with the .Mppearance of dr.awn blood, a useful purpo.'-e w.as achieved. 
In like manner, if this book serves only to ctdl attention to the (‘omplexities of disi*ases of 
tho hematopoietic sy.stcm, it may also serve to emphasize the flitliculti(*s embraced in their 
thorough understanding. 


The Rat in Laboratory Investigation^ 

T his book represents a compilation of some thirty dilferent collaborators, all well-known 
workers in their respective fields. It coi-ers everything about the rat, from love at tirst 
sight to psychoses and intestinal parasites in the oncoming generation. Every virtue, ever.v 
weakness, and everj- pecularity of the rat is fully and completely described. The anatonn’, 


•Psychosomatic Medicine Monograpli IV. Psycliopcnlc Factor.s in Broncliial Asthma. 
Part I. By Thomas M. Frencli, M.D., and I-'VanE Alexander, M.D. AVitli tlie Coiiaboration of 
various contributors. Paper. 92 pages. A'oliime II. No.s. 1 and 11. Paper, 23G pages. Pub- 
lished with the Sponsorship of tho Committee on Problems of Neurotic Bciiavior, Division of 
Anthropology- and Psychology, National Rese.arch Council, AA’nshington. D. C., 1941. 


tManual of Clinical Laboratory Methods. Opal E. Hcppicr. Pli.D.. Jt.D., Assistant 
Professor of Pathology. Northwestern University Medical School. Planograiihed. 159 pages. 
John S. Swift Co., Chicago. 

tSvnopsis of Blood Diseases. A. Piney. M.D.. M.R.C.P. Pliysielan, St. Mary’s Hospital 
fnr AVomen and Children. London ; Direetor, Patiiqlogical Department. Royal Cancer Hospital, 
London, Cloth, 120 pages, 4 colored plates, $2. i5. The Blakiston Company, Pliiladelphia, Pa. 
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physiologj', biofliemistry. patliologj', psychology, and the full usefulness (or the lack thereof) 
of tlie rat in laboratoiy- or experimental work is described in minute detail. Special chapters 
are devoted to breeding, diet, the teeth, digestion, metabolism, the central nervous system, 
psychologic phenomena, the circulatory system, biologic assay, hematology, osteology, radiology, 
liistology, parasites and special diseases of the rat. Of particular interest are special sec- 
tions on the eye of the albino rat, the surgery of the rat, and, of especial usefulness, a very 
extensive chapter (by Dr. Harold G. 0. Hoick) on dosage of drugs for rats. This latter 
chapter lists therapeutic and fatal dosages (when given in various ways) for some five 
hundred different drugs and is followed by a bibliography of 447 references. The chapter 
on “Technics for the Investigation of Psychological Phenomena in the Bat'- (by Dr. George 
L. Kreezer) is followed by GTS references. 

Well printed and admirably illustrated on excellent paper, this book is destined to 
become a sort of universal encyclopedia and reference work for all those who breed or use 
rats in experimental or investigational fields. 


Macleod’s Physiology in Modem Medicine* 

O KSrCE the death of Dr. MacLeod his textbook on physiology has been edited by Philip 
^ Bard, Professor of Physiology at Jotms Hopkins TTniversity School of Medicine with the 
collaboration of nine outstanding physiologists and pharmacologists. This is the ninth edition, 
the second under the new editorship. The usual number of additions and alterations have 
been incorporated, necessitated by advancing knowledge in the field. The work is so widely 
known that it does not require elaborate review. The paper used is especially desirable. 
Having a very faint green tinge, it is more restful on the eyes than the more usual white 
paper. The bibliography appears at the back of the book. It contains an innovation in 
that at the top of each page there is an index file referring to the pages in the book where 
the references appear. 


Diseases of Metabolism! 


P\inCCAX'S Diseases of MeiaboUsm is a contribution by fifteen outstanding contributors. 

well qualified in their fields, edited by Duncan, who has also contributed several sections. 
The subject matter adheres strictly to the title. The first half of the book deals with the 
metabolism and physiology of carbohydrates, fats, proteins, minerals, water, and vitamins. 
Expressed this way, one might have the impression that the discussion is a rehash of 
information long since available. Quite on the contrary, it consists of a splendidlv arran<red 
reviea- of the abundant recent developments in the field. The first half of the volume alone 
places it in the category of better than average medical texts. It correlates much that has 
heretofore been available mostly in scattered articles. 

Metabolic disturbances discussed in detail include undemutrition, obesitv-, xanthomatoses, 
gout, hyperinsulinism. diabetes insipidus, melituria and diabetes mellitus. The onlv chapter 
which might well have received more extensive discussion is that on undernutrition. 


jcsazect. jrToressor or fti 

Professor of Physiological unemistr}-, rate Lniversttj- School of Medicine- Ho^i-^rb" 

Instructor in Physiologv-. Johns Hopkins Universitj- School of Medicine; Ham- Ea trie' 
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Hopk\ns University School of Medicine; Chalmers L. Gemmlll. .\ssociate in Phv^nlo'i^' 

Jlcdicine;. Magnus I, Gregersen. Profe“=or of 

lege of Physicians and Surgeons. Columbia University; Rov G. Hoskins i 
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The Avitaminoses’’' 

N ew facts are ovolvinR so rapidly in tin; study of vitamins timt it aas fortunate that 
Eddy and Dalldorf 's Aritnmitiosrx requirwl n second edition after three years. Even 
so, the authors state that advances in our niiderstandinf; of the vitamins necessitated a 
complete rewritinfr of most of the text. This volume will he of .servici* to hioeheiiiists, 
clinicians and nutritionists alike. The tirst portion deals with the <diemical ntitiire of the 
vitamins. There follows a (diapter on the functions of the vitamins in cellular f)xidatioii 
which will enable the averat;e reader to comprehend more clearly the n<-tion of these food 
components. The major portion of the volume is piven to the description of the nature and 
function of each vitamin, the jdiysiolopc elian(ies nccomiianyin;: dellciency and the results 
of treatment. In an appendix, laboratory tests for vitamins are de.scribed and there is an 
e.xcellent table of the vitamin content of most, foods. 


A Study of the Blood in Cancorf 

TF ONE would read the last pa};e of T/ir Itloait fa (’ntirer first, one would 1 m> inclined 
■t not to read more. The observations are reminiscent of “Doctor"’ .\brams tind Huckleberry 
Finn’s reaction to the lif;ht of the moon. 

Goinp backward in this volume, part. Ill, de.scribes many tests for ctincer which hitvc 
been recommended by various authors includintc urine tests, enryme tests, and the like. 

The major portion of the hook deals with the author’s studies of blood cytolo;,'y in cancer. 
Dr. Gruner beliovc,s that unusually viscid bloml without rouleaux but with tipht cohesion 
of the red celhs info islands with shnrpl,v defined contours and an e.arly ajipearance of a 
don.=e fibrin network with fp-anular matter in the meshes and actively moviiif; leucoc.vtc.s, reduc- 
tion in the lymphoc.vtc.s, irretrular nuclear contours of the neutrophils. lnr(;e polymorphou.s 
platolet.s, abnomialitj- in the contour of the nucleus in the monocytes, and mitochondrial 
inclusioms in the mononuclear leucocytes usually indicates mali'niancy. 


♦The Avitamino.ses. Tlie Chemical, Clinical anti Patiioloericai Aspects of tiie A^itaniin 
neflciency Diseases. By AValter H. Eddy, PhJ>.. Professor of PliysloIoErical Ciiemistry, Teucii- 
pr^ Colione. Columbia Univer.sity ; Directoiy Burrau of Poods and Sanitation, “Good House- 

""d Gilbert Dalldorf, M.D., Pathoioirist to the Grasslands and Nortiiern 

■ AVestcliester County, N. Y. Second Edition. Cloth, .'JIO pages, $1.50. 
ampany, Baltimore. 1941. 

+ A Studv of the Blood in Cancer with Special Reference to the Needs of the Tumour 
illustrated, including graphs and coloured draw-ings. Bv O. Cameron Gruner. 
Clinic. Ill . Author of "Biologi' of the Blood Cells" and "Studies In Puncture-FIuid.s, 
Cl’^ii, iVo pasesr?4-00- Publishing Company, Montreal, 1942, 
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CLINICAL AND EXPERIMENTAL 


BLOOD PRESSURE FLUCTUATIONS IN BRONCHIAL ASTHiALl 


I. Clixical Observatioxs 


Howard Osgood, M.U., Buffalo, N, Y. 


I N RECENT years there has been con.siderable diseu.ssion in medical literature 
on blood pressure in relation to bronchial asthma. This has been chiefly 
concerned with the question as to whether or not the mean systolic pressure 
shows a sustained rise or fall during an attack. It is not the purpose of the 
present paper to discuss this blood pressure change but rather to draw attention 
to certain fluctuations of the systolic pmssure, which occur with each re-spiraton,* 
cycle during the asthmatic paro.xysin, and to discuss their significance. 

ilinor fluctuations of the systolic blood pre.ssure, sj-nchronous with resp)ii'a- 
tion, occur uniformly in normal individuals, the high point coming during e.\-pira- 
tion, the low point during inspiration in quiet breathing. 

The respiratory fluctuations which occur in patients suffering from an 
attack of bronchial asthma are of greater amplitude. “When the asthmatic 
paroxysm is severe, these fluctuations may he of .sufficient magnitude to produee 
a noticeable waxing and u-aning of the radial pulse to palpation. A more com- 
mon finding, however, is a lesser degree of fluctuation, not appreciable at the 
wist, but only noted when the blood pressure is taken by a sphygmomanometer 
The failure of these fluetuations’to be delected ordinarily in the radial pulse mav 
explain why they arc seldom mentioned in medical texts dealing with allerd'e 
conditions or in general medical texts in connection with bronchial a.sthma 
Physicians whose ])ractice entails the observation of many asthmatic patienf.s 
have undoubtedly noted them repeatedly. 


X. V 


_ From till- .M.-air.il S. rxic, .an.l .MU tk}- Clinic of t!)o nu.m,)-. ral Fuff-i 
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Sihic,’ in 1903, slated that a majority of asllimatic {)atient.s diirii);' a 
pnroxysm shou’ a variable ioworin^ of blood pressure, “so that in the .same 
patient, in the eour.se of live minutes, not ijifrefiuently v.-diies of 90, 70, 100, 85, 
75 can be oI)servcd.'’ lie did not note tlial these were related to the re.spiratory 
c.vcie. 

Tinel and daeijnelin' studit'd a number of asibmalie |)atienls ity means of 
a cuff over the humeral artery and kymoi^rajili traeinus of llie j)ulse. Tlity noted 
the chanf?cs produced in the traeiuirs by varviji" the pre.ssure in the eufi. Tiny 
found (1) that durin<r the altaek of asllima, eoineidenl with insj)iralion. tliere 
was a con.sidcrablo diminution of tlic amplitude of the juilse traeiims, whi^;h^^•as 
absolutely constant duriivir the course of each |)aroxysm. and wliich ceased ndtli 
its termination; (2) that tliere wa.s a fall of the “ma.simum arterial tension 'at 
the onset of dy.spnea, amountiu" to 20 mm. or 30 mm. n't. with a return to the 
former level with the end of the paroxy.sm; ami (3) that an elevation of the 
“minimum arterial tension" oeeurred at the onset of the jiaroxysm, re.snltm!i 
in a dimunition of the oseillometrie amplitude of tlie pulse. They eonchuled 
that these changes were due to .some interferciiee of the hlood flow into tlie rieht 
heart and through the pulmonaiy eircuhition, 

Hist, who discussed Tinel and .luefpieliii V pajier. used the same method to 
determine the fluctuations of hlood prc.ssuro which I liave emjilo.vod. He found 
that the .systolic pro.ssuro (in various conditions) may vary as much ns 30 mnJ. 
Hg between inspiration and expiration and mainlaincd that the insjiirafory 
•suppre.ssion of (he (udse noted by Tinel and dacipielin was due to a lowering 
of the systolic pressure, and “was only an exaggeration of a normal phenom- 
enon.” 

Hackemann' slates that the re.spiratory fluelnations of the systolic hlood 
prc.ssnrc in a.stlima may he wide and are roughly parallel with the severity of the 
asthma. Ho al.so notes that (here may be well-marked tinel nations in the presence 
of emph 3 ’seina and man.v wiicczes, when (lie .scvcrit.v of tlie asthma is not marked. 

Feinberg'' ob.serves that dni’ing the asthmatic jjaro.x.vsm, as a rnlo, llie blood 
pressure rises and varies mai'kcdl.v with inspiration and expiration. 

Detailed studies of (he respiratory hlood ]U'css;irc tinel nations in broneliial 
asthma have not, so far as I am aware, appeared in tiie literature, and for this 
reason I present my findings. 

MKTIIOn 

Willi practice, fluelnations of llic s.vstoIic iilood ]irc.ssure in human beings, 
.svnehronons with the respiratorv ej-clc, ma.v ho readily observed and measured 
by the auscultatory method, the stethoscope being placed over the autccuhital 
space. 

The usual 13 cm. cuff is applied to the upjier arm ami llie sjili.vgmomanomcter 
placed close to the patient, so that it ma.v ho z'cad and at the same time tlic 
patient’s respirations can lie seen “out of flic oovnoi- of the e.^'c. ” The cuff is 
inflated to a ])rcssure above tlie lnglic.sl .s.wsfolie reading. The jU'essnre is 
then slowly lowered, not more than 2 or- 3 lum. per bi-eatli, tlic resjiiralory move- 
ments of the chest or abdomen being closcl.v noted mcanwliile. A jioiiil in the 
pressure will ])rescntly be reached, where a few beats will be beaz'd at the elbow 
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at a certain moment in expiration. If the cuff pre.ssure is held at this point, 
the auscultatory beats will di.sappear during the remainder of expiration and 
during the succeeding inspiration. There will be a trough of silence lasting 
until the corresponding moment in the next expiration, when the beats xvill re- 
appear. The reading of the manometer at this point will indicate the highest 
level reached by the systolic pressure during the respiratoiy cycle. 

As the cuff pressure is then further lowered slowly, more and more beats will 
be heard, first throughout expiration and then during inspiration. The manom- 
eter reading at the moment when beats are just heard throughout both inspira- 
tion and expiration marks the lowest point to which the systolic pressure falls 
during respiration. The difference between these two readings denotes in mm. 
Hg the amplitude of the respiratoiw fluctuations of the systolic pres.sure. The 
diastolic reading is taken in the usual way. 
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Fig- 1. — Normal respirator>* fluctuations of the s\*stoIic blood pressure. 


In my observations on asthmatic patients, and on normal indixiduals at rest 
the high point of the systolic fluctuation has occurred uniformly durinu expira- 
tion and the low point during inspiration. It is possible that there may be cir- 
cumstances where there is a revensal in phase of the high and low points but 
I have not met with it. The diastolic pressure varies very slightly ivith respira- 
tion in asthma, but I have not included this vai-iation in my studies. It is worth 
further attention. 

In order to determine the normal limits of the respirator^' fluctuation with 
this technique, determinations have been made on a number of subjects, both 
on healthy persons and on nona.sthmatic hospital patients who wore not acutelv 
ill and were not sufforiim: from cardiac, imlmonary. i-enal. or intratiioracic 
disease. 

Fig. 1 .show.s 11, e readings on sixteen .sm-li pemons. The maximum fluctm, 
lion of the systolic tn-essure during respiration is G mm. Ilg; tl,o minimum is 
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2 mm. The Jivevagc for the ten males is 3 mm,; for Uie six females it is 4 nun. 
Kanclom oli.servatioiis on other .similar iiulivicluals have .shown an occasional 
flueliiation nj) to 12 mm. in the ahsenee of known iliseast*. 

On.SKKVATION.S O.V A.STf WA'l'IC rATIKNT.S 

Over the past three years determinations of the respiratory systolic fluctua- 
tion liavo heen made, on many asthmatic itatients. The findings on .some of these 
patients are here presented, with the hiixh and hiw points of the .systolii; ihiclna- 
tion indicated on the charts. The estimated severity of the asthmatic dy.spnea 
at each readin'i; is shown hy the hlaek columns at the bottom of the fi; 4 nrc.s. with 
the dates beneath. 

Ki" 2 .shows findin<is on two patients <in iliffcrent days, the first reading' in 
each being taken during an asthmatic paroxysm, the snb.seiincnt readings made 
when the paroxy.sm had .subsided. In both, tin* fluef nation was wide when 
dyspnea was pronounced, diminishing when the dyspne;i decrca.scd. 

B V. 
ir» 



Fig. 3 presents readings taken at intervals over a jicriod of two and one- 
lialf yeai-s on a clironic asthmatic patient who.se asthma was due to intrinsic as 
well as inhalant factors. It will be noted that the respiratory s.vstolic fluctuation 
followed closel}^ the severity of tlic a.sthma, althougli on a few occasions it did not 
decrease to normal limits even though the patient was not a])parently in distress. 
This corresponds to Rackemann’s observation. One reading (third from the 
left) shows a fluctuation of 30 mm., the .systolic iJressure falling during in- 
spiration almo.st to the diastolic level. This phenomenon has been noted in other 
patients when the asthma has been very seA’cre. 

Fig. 4 shows blood pressure readings taken over a period of a month (July 
7 to August 7) on a patient 52 years of age wlio was very sensitive to grass and 
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■weed pollens and to certain inhalants. During this month she passed through 
a very severe attack of asthma, being in an o.vygen tent for five days. The 
respiratory systolic fluctuations parallel the severity of her asthma. Between 
July 20 and 29 tliere was a remission, at which time the fluctuations decreased 
to normal or near normal limits. A short reerude.scenee of the a.sthma then 
occurred with a corresponding increase in the sy.stolic fluetuatioms, at one read- 
ing amounting to 30 mm. On Augu-st 7 .she was a.sthma-free, and the fluctuation 
was 4 mm. Two readings in November, during a shorter attack of a.slhma, again 
disclosed an increase in the fluctuation. In this patient the mean sy.s-tolic level 
tended to rise during a spell of asthma. 

The determination of the respiratorj' sy.stolie fluctuation has been useful 
in estimating the degree of hronehial obstruction present in a given patient at 
a given moment, as demonstrated in the following observations: 


B.R 



Fie. 4. — Respiratorj' sj-stolic fluctuations throughout a prolonged attack of asthma Patient 
G. H., female, n& years of age, sensitive to pollens and inhalants. 


An unmarried woman (Fig. .5), 53 years of age, was .sensitive to orri.s, house 
du-st, and grass pollen. She had had a number of moderately .severe attacks of 
asthma and was highly apprehensive of its recurrence. A blood pre.ssure read- 
ing during an asthma-free period yielded a re.spiratory .s.vstolie fluctuation of 
5 mill. Three days later she complained of respiratory di.stre.ss and a paro.wsinal 
cough. When seen she was greatly excited and apprehensive, but to clo.se ob- 
servation she did not appear to be having much respiratory difficulty; an exam- 
ination of her lungs showed only a few signs of bronchial spasm. The respira- 
torj- .systolic fluctuation was 10 mm. With assurance and while preparations 
were being made to administer epinephrine in oil (hut before it had been in- 
.iected), her cough and di.stre.ss sub.sidcd greatly. Ten niinutes after the injection 
the respiratory sy.stolic fluctuation was 7 mm. Here the distress was lar^elv 
mental, and the blood pre.ssure readings bore out the clinical inii)re.s.sion tha't 
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there Avas little bronehial obsl ruction present. A stiff dose of sedative might 
liave given as much relief as eiiineplirine, ])crhap.s even inoi-e. 

That relief of the bronchial astiinia during an attack will bring about a 
reduction of the rc.spiralory systolic iluefuation to within normal limits is demon- 
strated in Fig. 6. The patient Avas a married Avoman, 41 years of age aa-Iio Ava.s 
primarih' sensitive to orris root, Avith le.sser sejisifivity to liouse dust atid flour 
mill dust. She had recurring attacks of scA'cre asthma, but liad dcA’clopcd no 
complicating conditions. Two blood pre.ssure readings on December 2 and 4, 
AA’hen she AA-as asthma-free, had shown rc.spiralory systolic fluctuations of 3 
and 4 mm., respectively. Slic Avas seen at 4 i’..Ar. on .laminry 13 in the midst of a 
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Pig. 5. — Respiratory sy.stollc fluctuation.s in apparent a.stlimatic Uy.Kpnea but witli little broncliiiU 
obstruction. Patient J3. B., female, 03 years of age, sen.sltive to orris, (lu.st and gras.s iiollen. 


severe attack; her lungs Avere full of wheezes. The resi^iratory systolic fluctua- 
tion AA'as 30 mm. Injections of 0.25 c.c. epinephrine, 1 to 1,000, and 1 c.c. 
epinephrine in oil, 1 to 500, Avere given at 4:10 p.ji. Some relief Avas noted at 
4:20 P.M. and by 4:35 p.sr. she Avas free of dyspnea, and the Avheezes had dis- 
appeared from her lungs. Eeadings of the respiratory systolic fluctuation 
shoAved a progressive decrease in amplitude, until at 4:35 p.ji. the ilnetuatiou 
was 6 mm. A subsequent reading three months later, Avlien she had no asthma, 
shoAved a fluctuation of 3 mm. 

"When adequate relief is not secured after palliative treatment, the con- 
tinued dyspnea is reflected in a persistent Avide respiratoiy systolic fluctuation. 
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In Fig. 7 are presented the findings in such an instance. The patient was a 
trained nurse, 43 years of age. She suffered from asthma at interrals through- 
out the j'ear, with mai’ked exacerbations during the grass season. Skin tests 
were negative except for a delayed positive to ragweed. She was seen on June 
30 while in a severe asthmatic attack. The respiratory systolic fluctuation on 
two readings, taken ten minutes apart, were 26 and 45 mm., respectively. In- 
jection of 0.6 c.c. epinephrine, 1 to 1,000, and 1 c.c. epinephrine in oil, 1 to 500, 
were then given. Five minutes after the injection she reported slight relief, and 
her respiratory systolic fluctuation had decreased to 16 mm. However, ten 
minutes later the relief had not been maintained and the fluctuation was 30 mm. 
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Fig. 6. — Re.spiratorj' systolic fluctuation.^ before and after relief of an asthmatic paroxvsm. 
Patient T. W., female, 41 years of age, sensitive to orris and other inhalants. 

Fig. 7. — Respiratory sj-stolic fluctuations when relief is not afforded by treatment 
Patient AI. AI., female, 43 years of age, sensitive to pollens and inhalants. 


DISCUSSIOK 

The increased respirator}" fluctuations of the systolic blood pre.ssure re- 
ported above have been a constant finding in bronchial a.sthma. 

A similar fluctuation (sharp fall in the sj’stolic blood pressure) can be pro- 
duced momentarily by attempting a deep inspiration with the nose and "lottis 
closed (Mueller’s experiment cited by Tinel and Jacquelin=). Certain experi- 
ments on cats, reported by me,=' have shown fluctuations of the carotid blood 
pressure, similar to those in asthma, when obstruction to respiration was intro- 
duced at the trachea. Other experiments with increasing respiratoiy obstruction 
at the mouth in healthy young men, induced by progressively constrictin'^ a 
™bber mouthpiece, reported by me in the same paper, ^ also demonstrated '"an 
increasing fluctuation of the sj-stolic blood pressure. In both cats and men 
the amplitude of the fluctuations paralleled the degree of olistruction • and th ’ 
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timing of the liigli and low points of tlic flucfiialion in tlio rospii-atory (-ycle was 
the same as I have found it in asthmatic patients. 

The mcclianism by wliieh this fluctuation is ])i'oduc('d is j)robal)Iy eom])]ex. 
Ecid,® in a recent article, has made some very interesting remarks on rosj)iration 
as a factor in maintaining tlie circulation, which may throw light on the subject. 
The gist of his remarks is that during inspiration the intrathoracic ])rc.s.sure 
is lowered, favoring an inflow of blood from the large .systemic A-eins into liie 
chest, Avhile at the same time the de.scent of the dia])liragm raises the intra- 
abdominal pre.ssurc and so propels the blood Ihi-oiigh the vena cava into the 
large thoracic veins and to the right side of the heart. Also witli the e.xpansion 
of the lungs, the smaller pulmonary vessels dilate, so tliat a definite proportion 
of the whole blood volume is temporarily pooled in the vascular bed of the lungs. 
With the succeeding expiration, this pooled blood, ])lns the norma! flow, is 
actively expelled from the lungs toward the left side of the heart by the elastic 
contraction of the lung tissue toward tiic hilum. 

In bronchial asthma the intrathoracic and intra-abdomimd lu-e.ssure changes 
would be exaggerated. On inspiration it is possible that under the greater 
negative intrathoracic pre.ssure" the vascular bed of the lungs dilates more than 
normal, pooling a greater amount of blood and withholding it from the left side 
of the heart. This would reduce the left ventricular output and .so lower the 
systemic systolic pressure. 

On expiration, which is considerably prolonged in bronchial asthma, there 
is an increased rise in the intrapleural prcssui'c to even slightly above the 
atmo.spheric level.' This along Avith the elastic I'ccoil of the lungs Avould induce 
an expulsion of the larger pool of blood in (he lung-bed toAvard the left side of 
the heart, and a considerable increase of the left ventricular output Avould i-e- 
.sult, AA’ith a consequent rise in the .sy.slemic .systolic blood j)iT.s.sure. Unhancing 
this greater supply of blood to the left .side of the heart a moment later, but still 
during expiration, Avould be a greater supply of blood to the right side of the. 
heart, as the increased intra-alKlominal ])re.s.sure, incident to the intense expira- 
toiy effort, propels more blood upAvard through the great veins into the chest. 
Since the intrathoracic pi’c.s.sure does not ri.se far above atmosphei'ic pre.ssure, 
Avhereas the intra-abdominal pre.ssure starts at atmo.sj)heric level and is then 
increased by the A’igorous action ol the abdominal muscles in foired c.\i)iration. 
it is probable that this heightened prc.ssurc transmitted to the column of blood 
filling the A^ena caA'a Avould counteract any tendency of the jiositiA'c pressure 
in the chest to collap.se the veins entering the right side of the heart. 

AVhatever the true explanation, it is evident that the marked drop and sub- 
seqvAent rise of the systemic systolic blood pre.ssure during the rcs])iratory cycle 
in bronchial asthma is dependent upon some disturbance of the Jiormal floAV of 
blood through tlie lungs to the left auricle. This disturbance in turn is caiused 
by the excessiA'e fluetuatioiis of the intrathoracic pre.ssure induced by the obstruc- 
tion to respiration in the smaller bronchi and bronchioles. 

The parallelism betAveen the presence and amplitude of the respirator.A’ 
systolic blood pressure fluetuation on the one hand, and the scA’crity of the 
asthma on the other, has been close, though not to a mathematical degree. I be- 
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lieve it may therefore be taken as an indirect and approximate measure of the 
degree of bronchial spasm or obstruction present and so may be a useful clinical 
sign. Conversely observations on the beha\'ior of these fluctuations under various 
circumstances in bronchial asthma may offer a neiv method for studying the 
mechanism of the bronchial obstruction in this condition. 

A paper is now in preparation covering observations on the effects of the 
administration of epinephrine and theophyllin ethylenediamine (aminophyllin) 
on these blood pressure fluctuations in asthmatic patients. 

COXCLU.SIOXS 

1. Wide fluctuations of the systolic blood pres.sure, sj'nchronous with 
respiration, are a constant finding in bronchial asthma. The high point of the 
fluctuation occurs during expiration, the low point during inspiration. 

2. The amplitude of these fluctuations parallels closely the severity of the 
asthma. 

3. When the asthma has subsided, the fluctuations return to noraial. 

4. This respiratory sj'stolic fluctuation is a useful clinical sign, indicating 
approximately the degree of respiratorj- obstruction present. 

5. Obseiwations on these fluctuations may he of value in studj-ing the 
mechanism of bronchial astlima. 

I wish to express my appreciation to Dr. Franci.s E. Ehret for his labor in going over 
innumerable records of asthmatic patients and abstracting the data on which this paper i.s 
based. 

REFERENCES 

1. Sihle, M. : Zur Pathologic und Tlierapie des Asthma, AVien. klin. U'chnschr. 16: So, 1903. 

2. Tinel, J., and Jacquelin, A.: Les modifications circulatoires peripheriques an conrs de 

L’acces d’asthme, Bull, et mem. Soc. med. d. hop. de Paris 47: 440, 1931. 

3. Eackemann, F. M.: CHnical Allergj', New York, 1931, The Macmillan Co., p. 431. 

4. Feinberg, S. M. : AUergv' in General Practice, Philadelphia, 1934, Lea & Febiger, p. 99. 

5. Osgood, H., et ah: Blood Pressure Fluctuations in Respiratoiy- Obstruction, Experimental 

Observations, J. Lab. & Clix. Med. 27: 1536, 1942. 

6. Eeid, IV. D.: Respiration as a Factor in the Circulation of the Blood, Ann Int Med 17- 

206, 1942. 

7. Prinzmetal, M. : Relation of Inspiratorv Distention of tlie Lungs to Emphvsema J AUerirv 

5: 493, 1934. ■ ’ ■ b. 



U-WAVE PATTERNS IN TUE ABNORMAIj El.E(jTHO(JAI{I)]UG]{A:\I« 


Sylvan D. Solahz,! Jf.E., and Stkimikn ]?. ElivIc,? Oiiioago, liAi. 


T here has been a deartli of literaliire on tlie U wave of the electrocardio- 
gram and little is known concerning its cause and significance. The liter- 
ature has recently been reviewed bj- Papp* who defined the dimensions of this 
wave and stressed the freqnencj' of inverted U waves in clinical heart disease. 
Nahum and Hoff^ presented evidence from whicli they concluded that tlic U 
wave is related to the supernormal pliase of llie myocardium and that it marks 
the period when premature ventricular .sj-stolcs occur most frcquentl}'. Re- 
cent studies, including those from this laboratory,^- * showing that many ab- 
normal electrocardiograms fall into definite patterns, stiggested the desirability 
of determining the U-wave contours occuiTing in those various patterns. 

The electrocardiograms were .selected at random from the files of the 
heart station according to the electrocardiographic patterns. Ufo.st of the 
records had chest leads OF, and CF., as well as the limb leads. A few had 
only one chest lead (CFj) and a few had no chest leads. Serial tracings, es- 
pecially in the cases of myocardial infarcts, were available in many instances. 

Three chief electrocardiographic patterns were analyzed: (a) ventricu- 
lar preponderance (425 cases), diagnosed according to criteria established in 
this department (b) jnyocardial infarction (350 cases); and (c) intra- 
ventricular block (QRS duration over 0.J2 sec.) (210 cases). A small series 
of cases of pericarditis (6 cases), of acute glomerulonephritis (3 cases) and 
of pulmonary embolism (6 cases) Avere also .studied. 

CRITERIA FOR THE NORMAL U AVAVli 

Optimal heart rates for the identification of the U wave arc listed by 
Papp^ as 60 to 110 beats per minute. Below this rate, the U wave tends to 
fuse with the T; above this rate it tends to be incorporated with the P ivave. 
In the course of this study a number of records A\-ere found in which normal or 
abnormaUy tall, upright U ivaves followed so closely after the T ivave as to 
simulate notched, diphasic, or bizarre T ivai'es (Fig. I-A, B). Tliese can be 
distinguished by measuring the QRST interval of the other leads. In cases of 
tachycardia examples of amalgamation of U and P waves occurred (Figs. 2, 5-A). 
Here the distinction can be made by measuring tlio P-R interval of the other 
leads. Furthermore, in records of auricular fibrillation, with slow or moder- 

•From the Cardiovascular Department. Michael Reese Hospital, Chicag-o, III. 

Aided by tlie A. D. Nast and Emily and Fanny AVedcles Funds for Cai-diovascular Re- 
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Fig-. 1. — Simulatec! bizarre T waves caused by large Tj waves follovring closelv after 
the T -waves. A. In Leads I. II. CF; and CFj normal, upright U -waves are seen giving the 
false impression of polyphasic T -waves. B, Abnormally tall, upright U -waves in the chest leads 
result in a configuration superficially resembling bizarre T -waves. 
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ately fast ventricular rates, larjic uprijrlit U waves may exist, especially in the 
chest leads, lending: the illusion of P waves (h'ig:. 3). 'I'hese observations 
indicate that the recognition of even tlie normal L wave is important in avoid- 
ing errors in description of the P and T waves and in measurement of the 
P-R interval. The error in diagnosis of mistnking a U for a P wave in cases 
of auricular fibrillation is, of course, evident. In aildilion, the jiresence of the 
U wave means that the isoelectric level can best be det<“rmined in the interval 
between U and P. 

The criteria of Papj)’ for normality of the 1’ wave were aeeeiiled in our 
studv. The normal U wave is upright, varying in height from 0.29 to 2.0 nnn. 




pjp 3. Auricular abrillation of the coarse type. The U tvave.s in leads CF: and CF^ super- 

acially elve the impression of large P -wnve.s and inlglit lead to an erroneous diagnosis. 
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and in duration from O.iS to 0.24 see. The U wave was considered abnormal 
when inverted, diphasic, or upright and taller than 2 mm. Another abnor- 
mality found by us especially in Lead I was the occurrence of a negative bow- 
ing of 1 mm. or more in the T-P segment of the electrocardiogram. In sev- 
eral records with this phenomenon the presence of a marked sinus arrhythmia 
soon made it evident that this bowing was due to the existence of an inverted 
U wave, for in the long T-P intervals the negative U wave was apparent; in 
the short T-P intervals only the downward bowing remained, the end of the 
U wave being invisible (Fig. 4). Hence this doAvnward bowing of the T-P 
segment is regarded as an inverted U wnxe. A similar but normal upward 
bowing of the T-P segment may also be fomid. 


THE TJ-WAVE PATTERNS IN HEART STRAIN 

An analysis of 75 consecutive cases of right ventricular preponderance 
showed no abnormal U waves. Hence, the analysis of this pattern was not 
pursued further. 

Examination of 350 eases of various types of left ventricular preponder- 
ance revealed 38 cases with abnormal U waves. Three cases wei-e of the first 
type, 23 of the second tj*pe, 11 of the mixed type, and one of the concordant 
type.'*' ® 

The U-wave abnormality in the 3 cases of the first tj-pe of left ventricular 
preponderance consisted of U-wave inversion in CT\ and on 2 occasions in 
Lead I. One in.stance of the inverted and one of the diphasic U were encoun- 
tered in CFj. 

Table I 

U-tVAVT: CONFICCKATIO.V IX LEFT \'EXTKUTLAR PREPOXDEr.AXCE Or THE SECOND TYPE IN THE 

23 Cases Showing U-Wave Ab.n'ok.malities 


IXAV 

U IXVEKTED 

u urniGHT 
AXl» XOR.MaVL 

V UPRIGHT 
AXO ABXOU- 

3IAL 

1 U DIPHASIC 





1 

0 

0 

0 



o 

0 

0 

0 



11 

0 

0 

0 



13 

1 

«) 

0 



7 

1 

0 

1 


*One record had no CFi. 


E ISO- 
ELECTKIC 


O 

1C 

12 

4 

o» 


Table I .summarizes the configuration of the U wave in the second type 
of left ventricular preponderance. U-wave invei-sion was most frequent* in 
Lead I, occurred rarely in Lead 1 1 and was not encountered in Lead Ilf It 
occurred more frequently in CT‘\ than in CF... In addition, in the chest leads 
abnormal upright and diphasic U waves were found. It would appear there- 
fore. that the idealized pattern of the U wave in this lyjio of left ventricular 
preponderance con.sists of an inverted U,. an upright or isoelectric U, and U 
an upright U in CF, and an invt^-ted U in CF, (Fig. .o-A). The lead d'istriini- 
tion of the abnormal I' waves in this pattern is shown in Table YII It i. 
evident from this tabic that F-wavc abnormalitic.s occurred mo.sf frequentiv ' 
Lead I and next in frequency in Lead CF,. ‘ 
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A similar trend is revealed in the mixed lyj)c of left ventricular prepon- 
derance (Tables 11 and VIT). In the case of the concordant type of left heart 
strain the U was found to lie inverted in Lend 1. 

THE U-WAVE rATTEUNS IX IXTISAVEXTIUOOEAI! jn.OCK 

An analj'sis of 75 consecutive cases of intravcntrieular block of the S tyi)e’ 
revealed no abnormal U waves, lienee, no further analysis was carried out in 
this group. 



Pig:. 5. — A. Second type of left ventricular preponderance. Tlie U wave i.« inverted in 
Leads I and CP< and the T w.aves in tlie.se lead.s are al.so inverted. Note flic U wave in Load 
III Is closely followed by the P wave and pive.s the false Impression of a hizarre P wave 
(cf. Fig’. 2). B. Intraventricular block of the common tvpc. The U wave is inverted in 
Leads I and CFi, and the T waves in these leads are invc'rtcd also. 

Of the 135 cases of the common type of intraventricular block analj^zed 
17 had abnormal U waves; these findings arc summarized in Table III. U- 
wave abnormalities occur most frequently iu Leads I and CP.j (Table YU). 
Thus a synthetic pattern in this type of intraventricular block ivould consist 
of inverted U waves in Leads I and CF^ with normal upright or isoelectric 
U waves in Leads II and III and normal upright U waves in CFo (Fig. 5-B) ; 
this pattern is similar to that found in the second type of left ventricular pre- 
ponderance. 
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Table II 


U-WAVE CONnOORATION IN LEFT VENTP.1CBLAF. PBEPONDEE.INCE OF THE ItllXED TYPE IN THE 

11 Gases Showing XJ-Wate Abnormalities 


LEAD 

U INVERTED 

U UPRIGHT 

AND NORSIAL 

U UPRIGHT 

AND 

ABNORMAL 

1 H DIPHASIC ; 


1st 

PHASE 

UP 

1st 

PHASE 

DOWN 

mBKM 

8 

0 

0 


0 

3 


1 

2 

0 

0 

0 

8 • 


0 ' 

4 

0 

0 

1 

6 


1 

7 

1 

1 

1 

0 


5 

5 

0 


1 

0 


T^vble ni 


U-AVave CoNnccRATioN IN Common Type of Intpa.\xntricitlar Block in the 17 Cases 

Showing U-Wai-e Abnop.m.vlities 


IXAD 

U INVERTED 

U NORitAL AND 
UPRIGHT 

n ISOELECTRIC 

TOTAL CASES 

I 

13 

0 

4 

17 

II 

1 

5 

11 

17 

ni 

0 

7 


17 

CF, 

4 


1 

15* 

GF, 

7 

1 3 

1 

lit 


*2 records had only 3 leads. 
tG records had no CF<. 


Table IV 

UAVavt: Confioufation in Anterior Wall Infarction Pattep.n in the 18 Cases Shoiving 

U-Waye Abnormalities 


LEAD 

U IN\TRTED 

U UPRIGHT 
iVND NORMAL 

U UPRIGHT 
AND 

ABNORMAL 

U DIPHASIC 

U ISO- 
ELECTRIC 

1st 

PIUSE 

UP 

IST 

PHASE 

DOIVN 


6 

0 

0 

0 

0 

12 


1 

4 

0 

0 

0 

13 


0 

10 

0 

0 

0 

8 


11 

3 

0 

1 

0 

o 


16 

0 

0 

1 

0 

1 


Table V 

TJ-WAVE CONFIGUF-ATION IN POSTERIOR WALL INFARCTION PATTERN IN THE 11 CASES WiTH 

U-Waye Abnormalities 


LEAD 1 

u 

INVERTED 

D UPPJGHT 
AND NORMAL 

U UPRIGHT : 
AND 

ABNORMAL 

1 U DIPHASIC 

U ISO- 
ELECTRIC 



I 


3 

2 

0 

0 


6 

II 


1 

2 

0 

0 

0 

8 

in 


2 

2 

0 

0 

0 


CF, 


3 

5 

1 

0 

0 

ij 

CP, 


9 

1* 

0 

0 

0 

0 

•One record 

had no CF^. 






THE U-%VAVE PATTERNS IN MYOCARDIAL INFARCTION PATTERNS 

Three himdred fifty cases with myocardial infarction patterns were an 
alyzed, and in 39 abnormal U ivaves were seen. The latter included 38 of tl ' 
anterior ivall pattern. 11 of the posterior wall pattern, and 10 of fho ^u- ■ 
patterns. Tables IV, V. and VI summarize the U-ivavo findings in these 
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THIC .lOt'KNAl. Ol' I.AUOKATOKY AN'I) MI'DU.'INK 


In the nnlorior w;ill inriircfion .scries I'-Wiivc invcr.sioii wfis .seen most fre- 
quently in CF., and next in frecineney in CF._. (Table VII), TIm.s, the idealized 
pattern of the U ivavc in anterior wall infarction oonsi.sts of inver.sion of U 
in the ehe.s1 leads, i.soeioetrie or inverted K in Lead T, isoelectric I* in Lead II, 
and isoelectric or uprifrht F in Lead III (Fijr. Fnrtherinorc, analy.sis of 

17 eases having serial curves showed that the F-wave abnormalities occurred 
only during: the T stage and not the S-T .stage. 



Fig-. G. — A. Anterior wall Infarction In the healing (T) stage. The U wave In Ijcads I, 
CF2 and CF, Is Inverted, and the U and T waves are concoialant In direction in all leads. 
S. Verj' recent posterior wall infarction in the S-T stage (monophasic curve). Tlic U waves in 
Leads CF; and CF, are inverted, and the S-T segments are markedly depressed. Tlicre Is dis- 
cordancy in direction between the U wave and T In these lend.s. 


In the posterior wall infarction pattern Lead CF^ again showed tlie great- 
est frequency of abnonnal U waves (consisting of inversion) although scat- 
tered instances of abnoi-mal U Avaves in the other leads Av-ere seen (Tables V 
and VII) (Fig. 6-B). Unlike the anterior wall infarcts, the U-Avave abnormal- 
ities in posterior Avail infarction Avej’e seen more commonly in the S-T stage. 
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Table VI 


U-Wave Con- figuration- in Atypical Myocardial Infap-ction' Pattebn-s in the 10 Cases 

With U-Wave Abnorjialities 


LEAD 

L* INVERTED 

i r UPRIGHT 
AND 

NORMAL 

U UPRIGHT 

AN'D 

abnormal 

1 u diphasic • ] 

C ISO- 
ELECTRIC 

IST 

PHASE 

UP 

1st 

phase 

DOATN 

I 

2 

1 

0 

1 

0 

6 

11 

1 

2 

0 

0 

0 

7 

HI ^ 

4 

5 

0 

0 

0 

1 

OF, 

3 

6 

0 ' 

1 

0 

i 0 

cf; 

8 ! 

0 

0 ! 

2 

0 

0 


Table vn 


Lead Distribution of Abnormal U Waa-es in Those Individual Cases Shoaving U-Waa-e 

Abnormalities 


DIAGNOSIS 

LEAD 

I 

LE-AD 

cr. 

LEADS I 

A>a> 

le.ad 

CF. 

LEADS CF, 
AND CF^ 

LE.ADS I, 
CF. AXV 
CF, 

OTHER 

LEAD 

COMBINA- 

TIONS 

Left Ventricular Prepon- 
derance, Mixed Tj-pe 

4 

0 

2 i 

0 

3 

1 

1 

I..eft Ventricular Prepon- 
derance, 2nd Type 

9 

4 


0 

2 

1 

3 

Left A^entrieular Prepon- 
derance, 1st Tj-pe I 

1 

0 

0 * 

1 

0 

1 

0 

1 

Left Ventricular Prepon-! 
derance, Concordant Type 

1 

0 

0 

0 

0 

0 

1 

i 0 

1 

Intraventricular Block, Com- 
mon Tj-pe 

8 

2 

2 

1 

1 

1 

o 

.■Anterior Wall Infarction 
Pattern 

0 

fi 

0 

■ 

0 

4 

1 

Posterior Wail Infarction 
Pattern 

0 

4 

1 

H 

1 2 

I 

1 

2 

Atj-pical Infarction Pat- 
terns 

0 

4 

1 

1 

4 

0 

1 


Unlike the anterior and posterior AA-all patterns, the U-Avave abnormalities 
in atypical infarction patterns occurred at all stages of the electrocardi- 
ographic evolution. 


THE C-AVAA-E PATTERN.S IN OTHER CONDITION.S 

No abnormal U Avavcs Avere found in the series of records of diffuse peri- 
carditis, acute glomerulonephritis, or pulmonary emboli.sm c.Namined. 

CORRELATION OF THE DIRECTION OF THE ABNORMAL U AVAAT.S AA-ITH THE DIRECTJON 
OF THE T WAVE AND THE DEA-I.ATIO.N OF THE S-T .SEGMENT 

An impression Avas gathered in the course of this .study that inverted U 
Avaves Avore usually as-sociated Avith inverted T Avaves. In fact, Ashman and 
IhilU state that inverted U Avaves are commonly associated Avith inverted T 
Avaves. This was cheeked in all the records with regard to the concordanev of 
deviation of the U and T Avaves. 
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THE .TOtIKKAI, 01 ' E.\!!OI{.\T(H£V AXI) CIJXICA!. MEDICINr; 


In left veutriculuv prcpoiuleraucc (all tvju's) there was generally a con- 
cordauey in direction of the abnormal U waves and in the direction of T. This 
was most prominent in Leads J and Cb\ (Taljle VIJI). This correlation was 
even more striking in the common type of intraventricular block since no in- 
stance of discordancy in direction of T and U occurred. 

Tauu: VllI 

CouiiELATioN or THE DiurcTJo.v or the ABXor..M.u< U Wave With the Dieectiox or the T 
Wave ix Left Vk.vtiiicue.w. Pr.EroKDrj:.\KCE axh i.v the Com.mox Tyce or 
L\tiiave.n'ti:icci,.\i: tn.ocic ix the Ca.sk.s With Ah.v'oe.mae I’ Wave.s* 


WAOXOSIS 

j EEAll 

COX- 

cohpaxt 

1 

EIS- 

CORDAXT 

I.IAl) 

COX- 

COEPAXT 

ws- 

coi:i>A.xT 

HEAP 

VOX- 

<-OEI>ANT 

CE, 

PIS- 

COEPAXT 

Left Ventricular Prepon- 
derance, Mi.ved Type 

S 

0 

ol 

I 

i 

5 

3 

Left Ventricular Prepon- 
derance, Second Typo 

17 

0 

:!i 

«« 

11 

*1 
• ) 

Left Ventricular Prepon- 
derance, First Tj-jie 

1 

1 

0 

3 

0 

O 

Left Ventricular Prepou-| 
dcrance, Concordant 
Tj-po 1 

1 

0 

n 

0 

0 

n 

Intraventricular Block, * 
Common Tj'po 

P! 

0 

4 

0 

1 1 

0 

•A dlpliaslc U wave 

wa.s <*on.sklvr« 

-d equivnii 

■nt to iin iiiv 

ertfil one. 




12 U waves were Inverted ; one, tiprlslil and .abnonmil. 


Taiiee IX 

CoRr.Ei-.\Tiox or Diuectiox or Anxor.MAi, U Wave With Dieevtiox or S-T Dkviatiox axi> 
tViTii Dieectiox or T Wave ix Cases .Showes-o AiixonMAi. U Wave-s' 


PIA-GNOSIS 

1 

S-T SEOMEXT 

1 T WAVE 

LEAD I 

LEAD Ci\ 

LEAD Cr^ 

ij:ap I 

LEAD Ci\ 

I.IAP CF, 

fi < 

3 § 

£ 1 
o « 

o s 

-< •?- 
i s 

8 S 
g £ 

L a 

B 

1 i 

S o 

o £ 

o a 

is g ! 

§ 5 

c ?: 

o 1 
o £ 

u c 

B g 1 

P § 

g £ 

u a 

B. B 

§ G 

S c 

g § 

o ^ 

Anterior W’all Pattern | 

4 2 

1 11 

nma 


12 0 

1 15 2 

Posterior 'VN'all Pattern 

2 1 j 

3 1 



1 3 

1 t) if 

Atj-pieal Patterns j 

1 2 i 



Bn 

3 1 

! 7 3 


•A diphasic U or T wave wa.s considered equivalent to an inverted U or T. 


In cases of anterior waU infarction pattern this concordancy was less 
striking but still fairly definite. However, in the posterior wall infarction 
pattern there was a definite discordancy in direction in T and U, especially in the 
chest leads. Accordingly, an analj'sis was made to ascertiiin a possible relation- 
ship between the direction of U and the deviation of the S-T segment. 

In cases of anterior wall infarction there was a definite discordancy in 
the chest leads between the U and the deviation of the S-T segment (Table IX). 
A similar, although less definite, discordancy oceuiTcd in the series of atj^ical 
infarction patterns. On the other hand, in the posterior wall infarction pat- 
terns there was a definite concordancy' in -the direction of the U wave and 
the deviation of the S-T segment; this was most striking in Lead CP^ (Table IX). 
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THE KS'OLETION OF THE U WAAT: 

An attempt was made to correlate the evolution of the abnormal U waves 
with that of the S-T-T segment in all eases having serial tracings. 

In 15 of the 17 eases of left ventricular preponderance with serial tracings 
the abnormal U waves persisted. In the other 2 the abnormal U waves became 
normal even though the T waves remained inverted. 

The U waves changed in appearance in 4 of the 8 cases of the common 
tj’pe of intraventricular block which had serial curves. In 2 of these the 
inverted U waves became isoelectric although the T waves remained inverted. 
The changes in the U wave in the other 2 eases were also independent of the 
T wave change. 

In 6 of the 17 cases of anterior waU infarction pattern with serial traeinus 
the abnormal U wave became normal. In 5 of these the change occurred in 
Lead CFj, and, in all but one, the T wave m the lead remained inverted. It is 
significant that no abnormal U waves were seen when the S-T deviation was 
marked and the T wave small, even when the S-T deviation persisted for 10 
months after the clinical attack. 

In 5 of the 8 cases of posterior waU infarction pattern with serial records 
the abnormal U wave became normal. In contrast to the anterior wall infarc- 
tion pattern U-wave abnormalities were noted in the posterior wall pattern 
during the period when the T was small and the S-T markedly deviated. 

In 7 of the 9 cases of atj-pical infarction patterns with serial tracings the 
abnormal U waves changed to normal. These alterations in the U waves oc- 
curred without regard to the S-T or T changes. 

It appears, therefore, that the initial appearance of the abnormal TJ wave 
is related to inversion of the T wave and to the depression of S-T in all the 
patterns studied except in myocardial infarction. In the latter, U inversion 
appears related to T inversion in the anterior pattern and to S-T depression 
in the posterior pattern. The U-wave evolution is sometimes independent of 
the S-T-T segment evolution. 

Eapid appearance and disappearance of abnormal U waves were observed 
in 2 cases of transitory coronary insufficiency (with angina pectoris). A 
similar transitory occurrence of inverted U waves can be seen in 4 of the cases 
recently illustrated by Twiss and Sokolow.® In none of these 6 cases were 
records taken vdth sufficient frequency to determine whether or not the 
U-wave abnormality paralleled the abnormalities in the S-T-T segment. These 
cases do illustrate, however, how rapidly an abnormal U wave may appear and 
disappear. 

DISCUSSION 

Our results indicate that there is a tendency for the occurrence of a defi- 
nite U-wave pattern in the abnormal electrocardiogram, although in most the 
U wave is normal in appearance in all the leads, ■\^^len U-ivave'" abnormalities 
oceur in left heart strain and in intraventricular block of the common tvne 
the pattern consists, usually, of inverted U waves in Leads I and CF 
isoelectric or normal, upright U waves in the other leads. In anterior ]] 
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infarction ahnormal (inverted and dipliasie) U Avaves occur most frcquetitl.v 
in both Leads Cl'\. and Cl'\ witii an occasional similar abnormality in l^ead I, 
Avhilc in posterior wall infarction inverted U waves occur most commonly in 
Cl'\ alone, althoiifrh there are other scattered abnormalities. Jn all the pat- 
terns studied there was a freneral concordancy of the direction of the abnormal 
U wave with the direction of the T waA'e except in the early stajres of posterior 
wall infarction jjattern where there was a marked discordancy. In posterior 
wall infarction a definite concordancy existed with the deviation of the S-T 
seg'inent as in other abnormal states expect in anterior wall infarction. 

It must bo re-em])hasized that in these conditions many more instances of 
normal than of abnormal I' waves were found. 

The relationship of the abnormal L' wave in posterior wall infarction to 
the deviation of the S-T sefruient rather than to the direction of the T wave is 
further supported by the rarity of abnormal T waves in Lead 111 in this 
pattern, in Avhich lead, classically, the .S-T se^rmenf is elevatcfl ami the T wave 
inverted. If abnormality of the T wave wore related to the 'I'-wavc inversion, 
numerous instances of inverted 1' waves .should be present in Lead HI. On 
the other hand, in anterior wall infarction in which the S-T .scfrment is de- 
pressed and the T wave is upripht in Lead 111 abnormal U waves are not 
found, because, in this pattern, the U-wave abnormalit.v ajipcars to depend 
upon the direction of the T wave. 

No abnormal U waves were found in the absence of other abnormalities in 
the electrocardiogram studied. Therefore, at the iireseut, there is not much 
diagnostic value in the recognition of I'-wave jiattmais; however, a description 
of the latter in abnormal records, .such ns has been attempted in this report, 
might aid in explaining the nature of the fundamental iiroce.sses lending to the 
pattern of the U Avave. Furthermore this knoAvledge Avill hel]) to identify 
instances of distortion of the T and P aa-ua-cs and lead to a better definition of 
the isoelectric level. 

SVM.AIAItY 

1. In 1000 casc.s Avith diagno.stie elcctroeardiograidiic patterns, 94 cases of 
abnormal U AvaA'es Avere found. The U-AvaA-e ])alterns in these 94 ea.ses .shoAA'cd 
the folloAving chief characteristics: 

(a) In left heart strain and in intraA'entriciilar block of the common type 
the U-A\mve abnormalities consist of inverted U Avaves in Lends IT and CF^. 

(b) In antci’ior Avail infarction abnormal (inverted or diphasic) U AA'avcs 
are found in Leads CFj and CF^ Avith occasional similar abnoimialit.A' in 
Lead I. 

(c) In posterior Avail infarction inverted U Avaves are found most com- 
monly in Lead CF4. 

(d) No abnormal U Avaves Averc found in right heart strain or in intra- 
ventricular block of the indeterminate S type. 

2. A hitherto undcscribed U-Avave abnormality, a negative boAving of the 
T-P segment in Lead I, is discussed. 

3. Instances of di.stortion of the T and P Avaves by large upright U avoa'cs 
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and the confusion cansed by the presence of prominent U waves in records 
of auricular fibrillation are pointed out. 

4. Evidence is presented relating the presence of abnormal U waves to 
abnormalities of the S-T-T segment. In left heart strain and in the common 
type of intraventricular block, there is usually concordancy in the direction 
of the T wave, S-T deviation and U wave direction. In posterior Avail infarc- 
tion there is concordancy of the deA'iation of the S-T segment and the direc- 
tion of the U Ava\m but discordancj' between T and U. In anterior AA-all infarc- 
tion the reverse is true. 

5. In serial records the abnormal U AvaA'e may undergo an e\'olution in- 
dependent of the changes in the S-T-T segment. 

Wg wish to express our grateful appreciation to Doctors L. X. Katz and E. Langen- 
dorf for their helpful criticisms. 
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INACTIVATION OF VACCINIA VIRUS BY MILD ANTISEPTICS*! 


Wolcott B. Duxham, il.D., and Ward J. ]MacNeal, M.D., New York City 


L ittle is known concerning the inactivating effect of antiseptics on the 
J viruses. The present study was undertaken as one of a series to elucidate 
this subject. It seemed particularly de.sirable to investigate the action of 
antiseptics on the vaccinia virvis, as this virus has been the most studied in 
other respects. 

A number of reports have appeared on the effect of a wide A'ariety of 
chemical and physical agents on the vaccinia virus. A partial summarv of'this 
literature is shoAvn in outline foim in Talile I. It will be noted that this li.sf con- 
tains few bacterial antiscjUics and that in most of the invc.stigations the virus 
was ex posed to the agent for an hour or more. In the te.st.sMo be described 
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'j’Aitj.r. I 


Results of Trevious Investioatio.vs o.v the Lvautivation of tjie Vaefima Virus 
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S 
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» + Inactivation. 

(+) Partial Inactivation. 

- Xo Apparent Inactivation. 


the A^accinia virus was exiioscd lo the aiitisoplies for a period of oidj' throe 
minutes. 

In a recent paper we^ slioived by means of ehorio-allantoic inoculations 
that this virus is inactivated in 30 seconds by liquor anlisepticus. The technic 
employed was rather time-consuming and it ivas not easy to make nearly 
simultaneous inoculations into a number of eggs. These difficulties were prac- 
tically eliminated in the present study by injecting the mixtures of antiseptics 
and virus directly into the extra-embryonic fluids of the chick embryos. Two 
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advantages of this method are that a lot of 5 prepared eggs can be inoenlated 
in half a minute and that the results tend to be remarkably uniform, ap- 
parently liecause the injurious effect of the needle puncture is slight. A dis- 
advantage of this injection method is that localized pock lesions are seldom 
produced and hence one must, from time to time, test the 'virus by the chorio- 
allantoic method to be certain of its identity. Following inoculation into the 
extra-embryonic fluids, a generalized dissemination of the virus takes place 
and if the amount and activity of the inoculum are adequate, the embryo dies in 
two to four days. Death of the embryo is easily recognized by candling the 
eggs. 

The virus suspension was prepared from incubated eggs which had died 
following injection of vaccinia virus CAEB, originally obtained from Doctor 
•Joseph E. Smadel of the Rockefeller Institute. As a rule, the washed envelop- 
ing membrane of the yolk was used, but sometimes the tissue substance of the 
embrjm itself and also the ehorio-allantoie membrane were utilized. These 
tissues and membranes were ground with sand or glass granules and then 
mixed with Tyrode’s solution, 1.5 c.e. for each yolk sac or chorio-allantois and 
2 c.e. for each emlnyo body. The resulting suspension was centrifuged at 1,100 
revolutions per minute for ten minutes. A pipette was then passed through 
the layer of yolk fat on top and the subjacent watery supernatant portion 
was withdrauTi. This virus suspension was kept immersed in ice -umter until 
used. It was freshly prepared for each experiment and the mrus strength 
was ascertained by titration of serial dilutions in each instance. 

The eggs employed in the tests were incubated six to eight days, usually, 
seven days. Before use they were candled and only those ndtli vigorous em- 
bryos were employed. These were marked to indicate the location of the 
embi-yo and the border of the air sac. The blunt end of the shell was treated 
with iodine and then alcohol and i)y means of a 2 millimeter dental bur, a hole 
was drilled through the shell without piercing the shell membrane. Several 
eggs thus prepared were placed in a holder with the embryo uppermost until 
the inoculations had been completed. 

The test solutions were kept at room temperature before use. The virus 
suspension was at a temperature of about plus 4° C. In all instances nine 
parts of the test solution and one part of the virus suspension were vigorouslv 
mbeed and allowed to stand for three minutes. At the end of this pei-iod tli'c 
mi.xture was injected into the eggs directly or sometimes after dilution v itli 
■sterile distilled water. The decision in regard to the dilution depended on 
the results of the toxicity tests previously reported by us’” in which egas were 
injected with antiseptics alone. Some mixtures were injected directhC others 
diluted tenfold and others a hundred-fold. 

Just before the end of the three-minute exposure period, the .shell openinas 
of the prepared eggs were wiped with alcohol. The te.st mixture was then 
drawn into a tuberculin sj-ringe fitted with a 2 inch, 20 gauge needle The 
needle was passed through the hole in the egg .shell and directed .slightlv up- 
wards so that its point was about 12 millimeters below the mark on'the'.shell' 
indicating the location of the embryo, and 0.05 e.c. of the material was in 
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jectcd. Exaiiiiiialioii of inoculaiod in a similar manner with insolnhle 
material lias shown tlial the inoenliim enters tiie allantoie eavity, or. ocea- 
sionally, tlie amniotic eavity. *-\ftcr tlie injeetion. tlio needle was withdrawn 
without sidcwi.sc motion and the other ofrfrs of the series Avere inoenlaled in 
rapid .succession. Leakage throufrli the j)unetnre did not oeeur. The lioles 
in the .shells were then sealed with liquid a<lhesive and the epps were returned 
to the incubator. 

For each e.\i)eri)nent the eoneent ration of virus in the vaccinia suspension 
Avas determined by makinjr ten-fold dilutions in series Avith distilled Avafer and 
in.ieeting each dilution into egg.s. Ordinarily this series of dilutions e.xtended 
from 10'' to 10'*. The titer of the original snsiiension Avas taken to be the 
highest dilution Avliich killed half the embryos inoculated. The number of 
minimal lethal doses (JI.L.O.) in 0.0.5 e.e. of the oi'iginal snsiiension Avas taken 
to be the rcciiiroeal of the liter. Thus Avhere half ihe eggs Avere killed by 
inoculation of 0.05 e.c. of the 10-‘ dilution, the titer of the original su.spen.sion 
AA-as 10-=" and there Avere 100,000 M.L.D. in 0.05 e.e. of this original suspension. 
In no instances Avcrc tests of anti.septics considered significant unle.ss the eggs 
received at least 10 ill.L.]). of the virus. iJeyond this minimum, the actual eon- 


T.vui.i; 11 

Resuj,t.s op I.sorri,ATio.\.s or Eoos With MixTn:f:.s op Vai'. i.via Viacs a.si» ASTisreTic.s. 
Reaction’ Period Minttes. Five Koo.s i.v Each Tk.st 


aoe.vt 


rO.vcKSrilATIO.V 


SniSEQI’E.VT 
nii.cTio.v op 
MI.ATCEE 


MOI'.TAI.ITV I.V 
ti DAY.S 


Phenol 

o' r 

100 

d/15 

Phenol 


ion 

(!/M 

Phenol 

1% 

If) 

15/15 

Tincture of Iodine, U..S.P. XI 

1% 

ion 

1/15 

Tincture of Iodine, U.S.P. XI 

0.1 7r 

10 

15, G5 

llercuric Bichloride 

1:1000 

100 

4/14 

Mercuric Bichloride 

1:10,00(1 

10 

14/11 

Mild Silver Protein 

20% 

100 

14/15 

Copper Sulfate 

1% 

100 

10/14 

Potas.sium Permanganate 

1 :lom) 

10 

15/15 

Propylene Glyeol 

7fl7r 


2/15 

Propylene Glyeol 

l!0% 


I.V 1 5 

PropVlcne Glvcol 

50%. 


1.5/15 

Ethyl Alcohol 

2.57r 


15/15 

Boric Acid 

■1%. 

10 

14/15 

Boric Acid in 25% Alcoliol 

2.5% 


1,5/15 

Liquor Antisepticus, X.F. VI 

1007c 


4/14 

Liquor .\nti.«epticus<, N.F. VI 

80% 


14/15 

Liquor Anti-^epticu.*!, X.F. A*I Revi-sed'' 

100% 


7/15 

Listerine 

lOOTr 


2/15 

Listerine 

807f 


14/15 

Metaplicn 

1 :500 

10 

i::/i5 

Tincture of Metaphen (1:200) 

25% 

10 

7/15 

Potassium Mercuric Iodide 

1 :5nno 


15/15 

Merthiolate 

1 :iono 

100 

15/15 

Tincture of Mertliiolate (1:1000) 

257r 

10 

15/15 

La’koI 

2% 

10 

a/is 

La'SoI 

0.5% 



10/15 

Lysol 

0.1 7r 


15/15 

Mercuroelirorae 

2% 

10 

14/15 

Amphyl 

Amphyl 

1% 

0.5 7r 

~']0 

V15 

14/15 

•Prepared according’ to the ofBcially revised 

formula, effective July 1, 

1340. ■■ 



DUNHAM AND J[AC XEAL : VACCINIA ^^RUS AND JIILD ANTISEPTICS 


951 


ceiitratiou of virus in the suspension was found to bo without effect on the 
outcome of the tests. 

After inoculation the eggs were candled daily for six days. ^Vhen an 
embryo appeared to be dead, as evidenced by loss of vascular markings, cloudi- 
ness of the embryonic region and increased passive mobility of the embiyo, 
the egg was opened and examined. In the rare instances where the embryo 
was found malformed or had obviou.sly died from hemorrhage, these facts were 
recorded and the egg was e.xeluded fi-om consideration in the determination 
of experimental results. Survival of the embryo for six days was accepted as 
evidence that the material injected contained less than one lethal dose of 
the active virus. 

Each test was repeated at least three times, usually on different days with 
a newly prepared virus suspension in each instance. The results are .sum- 
marized in Table II. 

DI.SCUSSION 

A certain amount of irregularity should be expected in biological experi- 
ments of this kind and we have not regarded the death of one embryo in a 
lot of five as of great significance. Occasionally an egg died as the re.sult of 
obviously recognizable trauma and could therefore be excluded from consider- 
ation. Doubtless, an occasional death from unrecognized trauma also occurred. 
Furthermore, the virus suspension was not of entirely unifom compo.sition. 
Although only the supernatant suspension, after centrifuging, was used, never- 
theless this might well contain clumps and scattered particles of tissue ele- 
ments which would furnish protection for contained virus elements and which 
might be irregularly distributed in the final suspension. Because of the verv 
brief period of exposure for inactivation, three minutes, some irregularitv 
due to this factor might well be anticipated. However, these irregularities 
have been so insignificant that they did not obscure the results. 

As shown in Table II, .3 per cent phenol was moderately effective, while 
a 1 per cent solution failed to inactivate the virus. Tincture of iodine was 
effective when diluted to 1 per cent .strength. This solution contained iodine 
in a concentration of 0.7 mg. per c.c, AVhen the official tincture was diluted 
to 0.1 per cent strength, it was without effect. Bichloride of mercurv was 
effective in a concentration of 1 :1000, though a 1 :10.000 solution failed to 
protect the embryos. AVhen mixtures prepared from mild silver protein and 
vii-us were injected into eggs, 14 out of 15 of the embryos died. Copper sulfate 
1 per cent, .showed some virucidal action. Pota.ssium permanganate 1 :100o" 
failed to inactivate the virus under the conditions of the te.sts. A hi^^h de- 
gree of protection was afforded by a 70 per cent solution of propylene "Ivcol 
in water, while a .50 per cent solution was without demonstrable 'effect.'" The 
concentration of propylene glycol in these mixtures was 63 per cent and 45 per 
cent respectively by volume, or 66 per cent and 47 per cent by weight Full 
strength liquor antisepticus was effective, though in tests conducted with an 
80 per cent solution, all but 1 of the eggs died. It was .shown that the action 
of liquor antisepticus was not due to the 25 per cent alcohol or to the boric- 
acid alone, as these agents when tested separately did not inactivate the virus' 
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A combination of the two in llic iirojmrtion in wliicli llicy arc jiroscnt in liquor 
antisepticns also failed to protect the enibiyos. liisterine, full .stren'rtli, in- 
activated the virus, Avliile an 80 per cent solution yave results similar to the 
same dilution of liquor antisepticns, N. R VI. Gommereial tincture of 
metaphen 1:200, diluted to one-quarter streu'rth. inaetivatei] tlie virus to 
such an e-Ktent that more than half the eg;rs survived. On tlio other hand, 
after inoculation with mixtures i)reparcd from virus suspension and an aqueous 
solution of metaplien, 1:500, JO of the 15 eggs died. Potassium mereurie 
iodide, 1:5000; mcrthiolate. 1;J000; and the commercial tincturo of merthi- 
olate, 1:1000, diluted to one-quarter strength, were without demonstralde 
effect. One egg .survived out of 15 injected with mixtures containing 2 ])er 
cent merciu-oehrome and virus. Lysol. 2 per cent, inactivated the vaccinia 
virus in the 3-minutc jieriod. A 0.5 jier cent solution gave .some jn-oteetioii 
to the embryos, while all the eggs died which received mixtures containing 0.1 
per cent lysol. A 1 per cent solution of amphyl inaelivafed the viru.s, whereas 
a 0.5 per cent solution was without ajipreciable effect. 

The virus suspemsions employed in the tests contained a consideiaible 
amount of in’otcin, from 1 to 2 Gm. iier 100 c.c. 'I'lie mixtures of antiseptic 
and virus, therefore, contained 0.1 to 0.2 Gm. per 100 c.c. The action of certain 
of the antiseptics would undoubtedly be modified by the jiresenec of this non- 
virus protein. In nature, the virmses arc associated with variable amounts of 
nonvirus protein, a fact which makes it do.sirable to test tJie action of an 
agent in the presence of both large and small amounts of iirotoin. The pro- 
tein content of the virus suspensions employed in the tests licrc described is 
probably comparable to that of most of the suspensions used in the tests ro- 
poi-ted by others and summarized in Table T, as the virus for almo.st all of 
those studies Avas obtained by emulsifying infected tissue or by collecting the 
lymph from vaccinia vesicles. 

In a companion investigation, ’= we determined the action of antiseptics 
on the influenza virus by a similar technic, employing as the viru.s suspension 
extra-embryonic fluid from eggs wliich had died following inoculation Avilh 
this virus. The protein content of this suspension Avas about 4.G mg. per 100 
c.c. The difference in eoncentration of nonvirus protein in the tAVo .sets of tests 
must be borne in mind if any attempt is made to deriA-e from these results a 
eompai’ison of the resistance of the influenza and A'aceinia A'iruses to anti- 
septics. 

SUltHARY 

A number of antiseptics Avere tested for their effect on the A’aceinia A’irns 
during a brief period of exposure. Tliis Avas accomplished by preiAaring 
mixtures of the antiseptics and Aurus, alloAving them to remain in contact for 
3 minutes, diluting the mixture to a point AA'liere it Avould not be toxic for chick 
embryos and then injecting the material into emlnyonated eggs. Survival of 
the embryos indicated inactivation of the virus. 

The folloAving agents Avere effective in inactiA'ating the vaccine virus in 
3 minutes: phenol, 3 per cent; tincture of iodine, 1 per cent; bichloride of 
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merctivy, 1:1000; propylene glycol, 70 per cent: liquor antisepticus, N. F. YI, 
undiluted; listerine, undiluted; tincture of nietaphen, 1:200, diluted to one- 
quarter strength ; lysol, 2 iier cent ; and ampliyl, 1 per cent. 
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THE COMPAEATIYE EFFECTIVENESS OF AESENICAL COMPOUNDS 
AND SULFONAillDE DRUGS AGAINST BACTERIAL INFECTIONS® 


Edmin E. Osgood, M.D., Portl.vnd, Okegon 


WiTH the Technic.vl Assistance of Jane M. Arjientrout, M.A.; Dokotuy M 
Ellis, B.A. ; In-ez E. Bromnlee, B.A. ; anti Jull\ Josia, M.A. 


TN PREVIOUS publications it has been shotvn, expenmentally by tlie lecliniqne 
1 of manw culture,^ and clinically in staphylococcic bactericmias- and cases 
of subacute bacterial endocarditis,^ that neoarsphenamine is more effective than 
di-ugs of the sulfonamide group against the SfaiyJnjlococcus aureus and most, 
strains of the Streptococcus viridans. The present studv was undertaken to do 
termine in cultures of living human marrow ceUs tlie comparative e'fieefivene •' 
of neoarsphenamine, mauy other arsenicals, aud the four sulfonamide dri t 
most common use against the Staphylococcus aureus, the Streptococcus rt-T 
and many species of bacteria not previously reported on 
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Clinically and in animal experimcntafion, control of .such variables as the 
size of the initial inoculation, the number and strain of orfranisms present, the 
concentitition of the drii": in the blood and tissues durinj: therapy, the day of dis- 
ease on which therapy is started, the natural resistance of the host, and the pres- 
ence or absence of antibodies is difficult, if not imi)ossiblc, to attain. By the use 
of the method of human mari'ow culture* these variables are controlled and 
quantitative studies are possible. In addition, it is po.ssible to study the to.xicity 
of the drugs to living liuman cells. 

MKTHOD 

About 10 c.c. of marrow obtained by sternal puncture’ or leukemic blood 
were introduced into 25 c.c. of eitralcd l)a!anccd salt solution in a 50 c.e. vac- 
cine vial. After centrifugation the butTy coat was lransf(‘i-red to another vial 
containing balanced salt solution, and a total nucleated cell count was done and 
the culture diluted to a final volume of 50 to 100 c.c. containing 100.000,000 to 
200,000,000 nucleated cells. The medium consisted of G5 per cent balanced salt 
solution similar in composition to ccrcbro-spinal fiuid and 35 per cent human cord 
serum or ascitic fluid. To this was added the desired inoculum of the bacteria 
to be studied and, after mi.xing, pour plates for colony counts wei’c made on a 
medium suitable for the growth of the organism. These represent the initial col- 
ony counts at 0 time in the tables. The.sc cultures were mi.vcd again, and equal 
volumes wore transferred to a scries of six to fifteen 30 c.e. vaccine vials. All 
manipulations were made with .syringe and needle through 70 per cent alcohol 
on vaccine caps. To each of these vials, except the control, the desired concentra- 
tion of the drug to be studied was added, and a volume of .saline e(iual to that in 
which the drugs were dissolved was added to the control vial. The vials were 
then transferred to an incubator at 37° C., and at intervals jiour j)latcs for colony 
counts and stained smears were made. This technique insures that the cultures 
were identical in every respect except for the single variable of the drug in- 
troduced. 

RESULTS 

A total of 211 such experiments on 113 different strains rcj)rcsenting 11 
different species of bacteria was performed. All ot tiic 211 such experiments 
were analyzed in drawing the conclusions in tliis paper conccrnijig the relative 
effectiveness of different drugs. Unless colony eovmts in the same experiment 
at the same time for different drugs or different concentrations of the same drug 
differed by a ratio of 10:1 they were not regarded as significantly different. In 
Tables I to V the results of 5 of the 211 experiments are tabulated. 

Note from Table I that agaimst this .small inoculum of Siaphulococcus nurcua 
ai’senic trioxide and the pentavalent arsenieals, acetarsono, aldarsone and car- 
bai-sone, are almost totally ineffective; that sulfatliiazolc in a concentration of 
10 mg. per 100 c.c. is about equall.v effective with sulfadiazine at twice this 
concentration; and that all of the trivalent organic arsenieals used in this ex- 
periment are much more effective in the concentrations employed than are eitlier 
sulfathiazole or sulfadiazine. In this particular experiment neoarephenamine 
in a concentration of 0.5 mg. per 100 c.c. is about equal in effectiveness to 0.33 
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Experiment (il4. 


Table I ■ 

Staphylococcus arcus, Lewis 


HOURS 

0 

20 

24 

44 

Control 

84 

1,000,000,000 



Xeoarsplienamine, 0.5 mg. per 100 c.c. 

84 

360 

960 

5,100 

.Arsphenamine, 0.33 mg. per 100 c.c. 

84 

200 

340 

2,300 

Mapharsen, 0.33 mg. per 100 c.c. 

84 

880 

820 

260,000 

Maphansen, 0.1 mg. per 100 c.c. 

84 

800 

1,900 

61,000,000 

Trisodarsen, 0.5 mg. per 100 c.c. 

84 

2,700,000 

12,000,000 

400,000,000 

Arsenic trioxide, 0.15 mg. per 100 c.c. 

84 

800,000,000 



.Acetarsone, 0.4 mg. per 100 c.c. 

84 

1,000,000,000 



.Aldarsone, 0.6 mg. per 100 c.c. 

84 

1,000,000,000 



Carbarsone, 0.4 mg. per 100 c.c. 

84 

800,000,000 



Sulfathiazole, 10 mg. per 100 c.c. 

84 

6,900,000 

43,000,000 

720,000,000 

Sulfadiazine, 20 mg. per 100 c.c. 

84 

7,000,000 




Table 

II 



Experiment 713. 

Staphylococcus aureus, 

Schildon 


hours 

0 

20 

46 

68 

Control 

151 

900,000,000 

2,220,000,000 


Neoarsphenamine, 0.5 mg. per 100 c.c. 

151 

20 

12 

o 

•t 

.Ar.sphenamine, 0.3 mg. per 100 c.c. 

151 

600 

400 

60 

Sulfarsphenamine, 0.33 mg. per 100 c.c. 

151 

360 

100 

35 

Trisodarsen, 0.5 mg. per 100 c.c. 

151 

1,200 

28,000 

3,500 

Mapharsen, 0.2 mg. per 100 c.c. 

151 

20 

8 

0 

Maphar.sen, 0.05 mg. per 100 c.c. 

151 

19.200 

160,000,000 

8,000,000,000 

Clorarsen, 0.5 mg. per 100 c.c. 

151 

13 

9 

0 

Clorarsen, 0.05 mg. per 100 c.c. 

151 

60,000 

40,000,000 

2,400,000,000 

Snifapyridine, 10 mg. per 100 c.c. 

151 

18,000,000 

9,000,000,000 

Sulfathiazole, 10 mg. per 100 c.c. 

151 

80 

' 13 


Sulfadiazine, 10 mg. per 100 c.c. 

151 

100,000,000 

5,000,000,000 



mg, per 100 e.e. of arsphenamine and only sliglitly superior in effectiveness to 
0.33 mg. per 100 e.e. of mapharsen. It is far superior to 0.1 mg. per 100 c.c. 
of mapharsen and to 0.5 mg. per 100 c.c. of trisodarsen. 

Note by comparison of Tables I and II that the strain of Staphylococcus 
aureus used in the experiment in Table II is far more susceptible to the action 
of all drugs than the .strain employed in Table I. A larger inoculum is .sterilized 
by concentrations of the drugs which failed to sterilize the strain used in 
Table I. 

Note in Table II that in this experiment 0.5 mg. per 100 c.c. of neoai-sphen- 
amine, 0.2 mg. per 100 c.c. of maphareen, 0.5 mg. per 100 c.c. of clorai-sen, and 10 
mg. per 100 c.c. of sulfathiazole are about equally effective; that 0.3 mg. per 100 
c.c. of ansphenamine and 0.33 mg. per 100 c.c. of .sulfarsphenamine a'l-e hishlv 
and equally effective ; that 0.5 mg. per 100 c.c. of trisodarsen is definitely not as 
effective ; and that mapharsen in a concentration one-tenth that of neoai-sphen- 
amine. which is about the ratio of their clinical doses, is not nearly as effective as 
neoarsphenamine but is more effective than an equal concentration of cloi-arsen 
Also note how much less effective .snifapyridine and sulfadiazine are than Is 
sulfathiazole in equal concentration. 

Note in Table III that this strain of Strcptotoccus viridnns is hi-hlv sus 
coptible to the action of each of the trivalent organic ai-scnicals investigated but 
that clorarscn and maphai-sen in onc-tenlh the eoncenti-ation of ncoais:nheinmin„ 
are not nearly as effective. ^ 
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Taism; hi. 


K.vpt’iimoiit TL’.'J. Sin ploroanis rin'hiiis, \ViiilKT<; 


HOURS 

0 


4ft 

(iS 

Control 

nVi 

l.S5,(Jl>0 2.soo,oon 


Iscoari-plicnaminc, O.o mg. per 10(1 o.e. 

IVA 

fj 

it 

ft 

Ar.splionaininc, 0.3 mg. per 100 r.i-. 



i 

ft 

Sullar.splienaminc, 0.33 mg. per Kill c.r. 

'I'i 

:to 

I 

0 

Clorar.son, 0.5 mg. por llH) e.o. 


0 


0 

Clorarseu, 0.4 mg. per 100 c.o. 

33 

! 

:: 

ft 

Cloransen, 0.0.5 mg. per 100 e.e. 


15(1 

200 

20 

iMapliarpcn, 0.3 mg. per 100 ei-.. 

.‘U'J 

1 

I 

ft 

Maphar.'-on, 0.2 mg. jier loO e.e. 


1 

ft 

0 

Jlapliar.^en. 0.05 mg. per Iflo e.e. 


1,700 

12,50ft 

700 

Trisodarsen. 0.5 mg. pe.r 100 e.e. 


(id 

O 

0 

Taui.!: 11' 





Experiment 71“. fitnptororrus hi moUilii iis 

. Selmermau 



HOURS 

0 

OO 

40 


Control 

4, 0(1(1 

l!'.000,00ft' 



Eeoarsplienaminc, 0,5 mg. per 100 e.e. 

4,(i0ii 

0 

0 


Arsplieuamiiic, 0.3 mg. per 100 e.o. 

l.(U10 

(1 

(1 


.Sulfansphenaminc, 0.33 mg. i>er 100 e.e. 

4.C.IJ0 

tl 

(1 


Trisodarfon, 0.5 mg. per 100 e.e. 

4,i;oo 

130 

0 


Mapharsen, 0.2 mg. jier 100 e.e. 

4.000 

0 

0 


Maphar.-icn, 0.05 mg. por 100 e.e. 

i.oim 

OftO.OOII 

lft,0f)ft 


Clorarsen, 0.5 mg. per 100 c.c. 

4,000 

0 

0 


Clorar.sen, 0.05 mg. per 100 e.e. 

4,00ft 

1,000,000 

10,000 


Sulfanilamide, 10 mg. per 100 e.e. 

•I.OOft 

110.000,000 



Sulfapj-ridiiie, 10 mg. per JUO e.e. 

4.000 

7n;ooo,ooo 



Sulfathiazole, 10 mg. per KM' e.e. 

4.0ft0 

1,800,000 

10,000,00(1 


Sulfadiazine, 10 mg. per 100 e.e. 

4,000 

100.000,000 



*Acid at IS liour.s. 





Tabi,e V 





E.vperimciit 710. mrcptocofcus hcmohjlicuf: 

.Selmermau 



noviis 

0 

4 

24 


Control 

54,000 

10,000,000 

40,000,000 


Neoarsphenamine, 0.5 nig. per 100 c.c. 

54,000 

7,000 

0 


Arsphenamine, 0.3 tng. per 100 c.c. 

54,000 

30,000 

10 


Sulfarsphenamine, 0.33 mg. per 100 e.e. 

51,000 

40,000 

0 


Mapharsen, 0.3 mg. por 100 c.c. 

54,000 

5,000 

0 


Mapharsen, 0.2 mg. por 100 c.c. 

54,000 

!>,000 

0 


Mapharsen, 0.05 mg, per 100 c.c. 

54,000 

100,000 

210,000 


Clorarsen, 0.5 mg. per 100 c.c. 

54,000 

4,200 

0 


Clorarsen, 0,4 mg. per 100 c.c. 

.54,000 

5,000 

0 


Clorarsen, 0.05 mg. per 100 c.c. 

54,00(1 

200,000 

ft0,000 



Note in Table IV that the Slrcpiocoixvs hcmohifiviis (l)e(a lioinolytic strepto- 
coccus, Lancefield group A) is far more susceptible to llie action of the trivalenl 
organic arsenicals than is the staphylococcus, since a larger inoculum is sterilized 
l)y the same concentrations of the drugs Avhicli failed to sterilize small inoculums 
of the Staphylococcus aureus. It is again evident in tins experiment that 
trisodarsen in equal concentration is not as effective as neoarsphenamine ; tliat 
mapharsen in one-tenth the concentration is not nearly as effective as neo- 
arsphenamine; that the trivalcnt organic arsenicals are all far superior to the 
suKonamide drugs; and that sulfathiazole is much tlie most effective of tlie 
sulfonamide drugs. 
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Note from a comparison of Tal)lcs IV and V that it is necessary to inerease 
the initial inoculum to demonstrate the differences in effectiveness of the most 
effective drugs aJid to decrease the initial inoculum to demonstrate the differences 
in effectiveness of the least effective drags. 

Note in Table V the great susceptibility of this strain of Strepiococcus 
hc7nohjticus to the trivalcnt organic arsenicals and that 0.5 mg. per 100 c.c. of 
neoarsphenamine is about equal in effectiveness to 0.25 mg. of mapharsen and 
0.4 mg. per 100 c.c. of clorarsen ; that 0.3 mg. per 100 c.c. of arephenamine and 
0.33 mg. per 100 c.c. of sulfarsphenamine are almost as effective but that one- 
tenth the concentration of mapharsen and ciorai-sen are not nearly as effective. 


COiDIEXT 


Analyses of the 211 experiments on the 118 strains representing 11 different 
species of bacteria n-ere made. The pentavalent organic arsenicals studied and 
ansenic trioxide -were almost totally ineffective ivhen compared with effective 
concentrations of neoarsphenamine, either in the ratios of their clinical doses ov 
in concentrations which would give an equal arsenic content. The pentavalent 
arsenicals studied included acetarsone, earbaisone, aldarsone, para-sulfonamindo- 
phenyl arsonic acid, trj-parsamide, sodium cacodylate, and solarson. Ordy 
solarson seemed to be of any value at all, and this was far less effective than 
neoarsphenamine. 

All of the trivalent organic aisenicals tested were highly effective against 
certain species of bacteria in concentrations of equal arsenic concentration to 
the effective range for neoarsphenamine previously determined to be 75 to 200 
gammas (micrograms) per 100 c.c.,® corresponding to 0.375 to 0.1 mg. per 100 
c.c. of neoarsphenamine. The trivalent organic arsenicals tested were neo- 
arsphenamine, arsphenamine, sulfarsphenamine, ti'isodarsen, mapharsen, clorar- 
sen, bismarsen, and silver arsphenamine. The latter two offered no advantases 
for clinical use, since thej' were relatively ineffective in comparison to the other 
arsenicals; so they were not studied veiy extensively. 

The diffei-ent species of bacteria and in some instances even different strains 


of the same species differed markedly in their susceptibility to the action of the 
drugs. VTien an organism was susceptible to the action of one of these arsenicals 
the same strain was always highly susceptible to the action of the other trivalent 
organic arsenicals when compared in doses hanng an equal arsenic content. 
"Wlien the organism was resistant to the action of one ai-senical it was resistant 


to the action of the others as well, although this was not e.xten.sively investi"atcd 
Wliile there were indimdual strain differences in susceptibility with each of the 
organisms tested, only with the Sfrcptococcv.s viridans was there a sufficient 
difference to justify grouping these strains into separate categorie.s. As pointed 
out in previous publications,® some strains of Sircpiococcm viridans respond to 
neoarsphenamine and not at all to the sulfonamide drugs, and the.se .strains have 
arbitrarily been called "Group A." Other strains are susceptible both to tJie 
action of neoarsphenamine and to the sulfonamide drugs, and these have been 
arbitrarily called "Group B.” Other strains have been susceptible to the action 
of the sulfonamide dnms and not to neoarsphenamine, and these Imve 
becn called "Group C." ‘ • 
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In Table VI, the res})onso of the baeleria tested to the trivalcnt oriianie 
ai'senicals is summarized. Note that the StnpJniliirovcn.s nurnts, S{rr]>{ornrr.us 
vindans (Group.s A and B), Strcpiococcus hcvtoltiUcus (Iielnliemolylie slrcpto- 
coccu.s, Lancefield pronp A), Cnri/nrharlcnum diphtlicriac. Xfhsrria pinioirhocnc, 
and ITcmoplnJus influenzae are highly susee])lible to the aetion of these dnif!s; 
whereas, the Diphcoccus pneumonute, Esvhcrichin ndi, Ehrrfhdin ipphoxa. 
Salmonella schoitJnucUcri, Streptococcus viridaus ((iroiip C), and Streptococcus 
anhc7noli/ticus (gamma .streptoeoeeus) wevo almost totally unaffeeted by the 
.same concentrations of thc.se trivalcnt orjianie in-senicals. Most strains of the 
fir.st six species of bacteria in Table VI were far more .susceptible to the action 
of the trivalcnt arscnieals in the concentrations employed than they were to the 
usual concentrations of the sulfonamide drujrs obtainable in the blood .stream. 
Neisseria ejonorrhoeac' and Ifemophiltis influenzae, however, were somewhat loss 
susceptible to the action of the trivalcnt or'ranic ar.senieals than to snlfathiazole. 
sulfadiazine, and sulfapyridinc, althouirh they were more susccjitible to the action 
of the trivalcnt ai'senicals than to the action of .sulfanilamide. 


Taiu.k VI 

Se.MMAay or the Kesco.v.se or U.oteki.v to Tiov.m.e.s't ()i:r,.\sie .\nsE.si<'Ai,s 


An.sEN'ieAi..s EFrECTivr. 

Staphylococcus niirciis 
Streptococcus liridaus 
Group A 
Group B 

Streptococcus hemolyticus 
Conjnchactcri urn diphtlicriac 
Neisseria nonorrhoca 
Hemophilus injlucncac 


AESr.N'ICAl.S INErrKCTIVE 
Diplncoccus piu » moil we 
Sschcrirhia cnli 
Khrrthclla typhosa 
Salmfl'iilln schottmuclli ri 
Streptococcus viridaus 
Group C 

Streptococcus ar.hrmolyticus 


Against each of the organisms li.stcd in Table VI. snlfathiazole was the most 
effective of the sulfonamide drugs and .sulfanilamide was the least effective. All 
of these organisms, except the Orouj) A Streptococcus viridans, showed some 
response to lO mg. per 100 c.c. of .snlfathiazole if small enough initial inoculums 
were used. Sulfapyridinc was suiiei-ior to sulfadiazine in equal concentration 
against most strains of all of the spceie.s in Table VI, except Neisseida e/onor- 
rhoeae and Sahnonclla schottmucUcri where sulfadiazine was as a rule superior 
to sulfapjTidinc. 

While there were rather marked individual strain difl'erences among organ- 
isms of the same species or group there was a very great variation in suscepti- 
bility of the different species of organisms to the trivalcnt organic ai'senicals and 
to the sulfonamide drugs, as indicated by the maximum initial inoculums ivhich 
could be sterilized. 

Note from Table VII tliat the Streptococcus lietnolpticus is the most sus- 
ceptible organism to the action of the trivalcnt organic arsenicals and that the 
Neisseria gonorrhoeac is the most susceptible organism to the action of the 
sulfonamide drugs. For each group of drugs the organisms can be divided into 
five or six groups of markedly different susceptibilities. 

Since six of the trivalcnt organic ai'senicals tested were about equally effec- 
tive in terms of equal arsenic content, it seemed desirable to calculate a thera- 
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Table VH 


CoMPAEATtvE Susceptibility of Organisms to Neoap.sphenamine and Slxfathiazole 


NEOARSPHENAMINE, 

0..T MG. PER 100 c.c. 

SULFATHIAZOLE, 5-10 

JIG. PEE 100 c.c. 

OR^7A^*Z.S^rs 

MAXIMUM IXOCULUM 
STERIUIZED 

ORCAXISMS 

MAXIMUit INOCULUM 
STURILIZUD 

Str. hfmolylicits 

800,000 

20,000 

X. gonorrhoeae 

1,000,000 

X. gonorrhocac 

Str. hemolyticus 

6,000 

Sir. viridan.f 

1,500-3,000 

Str. viridans 

l,-500-3,000 

(Groups A and B) 

(Groups B and C) 

E. influenzae 

1.500-3,000 

Dip. pneumoniae 

l,500-.3,000 

C. diphlhcriac 

1,500-3,000 

E. influenzae 

1,500-.3,000 

Staph, aureus 

750 

Staph, aureus 

100-300 

Sal. Scholl muellcri 

Belativeh' incffecti%-e 

C. diphtherias 

100-300 

E. lyphosa 

Eelatively ineffective 

Sal. schottmuelleri 

100-300 

E. coli 

Eelativelv ineffective 

E. typhosa 

100-300 

Str. anhemolyticus 

Eelativelv ineffective 

E. coli 

100-300 

Dip. pneumoniae 

Eelatwelv ineffective 

Str. anhemolyticus 

100 

Str. viridans 
(Group C) 

Eelatively ineffective 

Sir. viridans 
(Group A) 

Ineffective 


Table VIH 


Cojipap.atii'e Effecti\xness of the Trivalent Organic Arsenicals 


DRUG 

per- 

centage 

OF ARSENIC 

EQUALLY EFFECTIVE 
CONCENTPJ^TION 

MAXIMUM 
THEP.APEUTIC DOSE 

THER-APECTIC 

INDEX 

^tG. PER 

100 C.C. 

GAMMAS, 
AS. PER 

100 C.C. 

GM. PER 

60 KG.* 

ilG. PER 

100 GM. 

NEO = 
100 

Neoarsphenamine 


0.5 


0.9 

1.5 


EIiTiIili 

Sulfarsphenamine 


0.5 


0.6 

1.0 

mm 


Arsplienamine 


0.35 


0.4 

0.67 

1.9 

63.3 

Trisodarsen 

19.0 

0.6 

114 

0.6 

1.0 

1.67 


Mapharsen 

29.0 

0.25 

75 

0.06 

0.1 

0.4 

13.3 

Clorarsen 

25.5 

0.4 

102 

0.067 

0.11 

0.275 

9.0 


•From Moore, J. E.. et al. : The Modem Treatment of S\-philis, p. 76 Charlp <5 r 

Thomas. Sprinefleld, 1941. . i- > 0 . t-nanes o 

•Me. per 100 Gm. (dose) -i- JIe. per 100 ac. (concentration). 


peutic index to determine ivhich of them should he most promising for clinical 
use. It has been previously determined® that the effective range of neoai-sphen- 
amine in clinical use is 0.375 to 1.00 mg. per 100 c.c. of blood corresponding to 
75 to 200 gammas (micrograms) of arsenic per 100 c.c. Therefore, neoarspLn- 
amine in a concentration of 0.5 mg. per 100 c.c. corresponding to 100 gammas of 
arsenic per 100 c.c. was used as a reference standard, and all e.xperiments in 
which this concentration of neoarsphenamine was compared with one or more 
of the other five ai-senicals were analyzed. From these data. Table YIII was pre- 
pared. The first vertical column in Table YIII ILsts the commonly used names 
of the six trivalent organic ai-senicals which offer most promise in the treatment 
of bacterial infections. Tlie second column gives the percentage of areenic in the 
drug as it is supplied in ampoule.s, which is not always the percentan’c as it is 
calculated from the structural formula. The third column gives the concentra 
tion in milligrams per 100 c.c. of these drugs as commerciallv supplied which' 
from analysis of all of the experiments in which the drinrs were compared an’ 
poared to be equivalent to 0.5 mg. per 100 c.c. of neoai-sphenamine. The fo’urtJ,' 
column gives the gammas (microgrnms) of arsenic ijcr 100 c e wliJct. .r. 

.« t.,0 of dn,- lifted it. ,1,0 third colon,,,' c.rmitlLnTtto 
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column it is appiirent tlial the dnigs arc approximately cfpially ofrerrtive in con- 
centrations of equal arsenic coiUcnl, Arilh the exception of maj)liai‘.son u'Jiicli is 
slightly more effective than the others in terms of equal arsenic content. Tiie 
fifth column is tiie maximum therapeutic, do.se in granrs per 60 kilograms as given 
by J. E. IMoore,'' with the exception of eloranseu for which the dose is that of tiie 
largest ampoule commonly admini.stered. Column 6 is the milligrams per 100 
grams of body weight calculated from column o. Column 7 is a lherai»eulie 
index, which was calculated by dividing column 6 by column 3. Column S is the 
.same index transposed to a basis of "neoarsphenaminc 100” by dividimr 
all of the values bj' 3 in column 7 and multiplying by 100, I''rom this column 
it is readily apparent that in the ratios of the maximum tlicrapeulie do.scs. nco- 
arsphenaminc is by far the most effective drug, sulfni-sphenatninc and arsphen- 
amine next, trisodarsen loss effective, and mnpharsen and clorars(>n much lass 
effective. Similar indexes were calenJatcd, ha.scd on the maximum toxic con- 
centraton for marrow cells, and the maximum toleimted do.se in grams per 
kilogram from tlic same table,'' but tlic.se indexes .showed an even greater 
superiority of neoarsphenaminc and inferiority of maiihai-son and eloi’nixen, so 
are not included in this article. 

It is fortunate that neoar.sphcnaininc proves to be the trivaicnt organic 
arsenical of clioice in the tlicrapy of b.'ieteria! infections, since a method of ad- 
ministration® to obtain an effect ivo blood level for uO per cent of tlie time over 
a period of 60 daj's has been developed from a series of blood nr.scnic determina- 
tions, It has been sliovm to he effective, if followed exactly, in .several patients 
with staphjdocoecic haetcriomia and subacute bacterial endocarditis. It main- 
tains a more uniform blood level than witli the ma.ssivc intravenous drip teeb- 
nique® over a much longer period and yet le.ss arsenic is administered per unit 
period of time. It does, of eoiu'se, introduce nincli more arsenic than tlic 
standard clinical group metliod of treating s\q)hilis but it doe.s not at any time 
raise the blood level nearly as liigli a.s the blond li'vcl rises after a single in- 
travenous in.iection of 0.6 Om. of ncoarsphemmiino in a 60 kilogram jicrson. 

Comparative analysis in a similar way of the equally effective concentra- 
tions of the sulfonamide drugs indicated that 5.0 mg. per 100 e.c. of .sulfathiazolc 
is approximately equal in effectiveness to 10 mg. ]ier 100 c.c. of sulfapyridinc, 20 
mg. per 100 c.c. of sulfadiazine, and 30 mg. per 100 c.c, of sulfanilamide. There 
were marked individual strain variations in this susceptibility. It is apparent 
from this that sulfathiazole is Ibo drug of choice among the sulfonamide drugs 
for therapy of infections due to the organisms listed in Table VT, except when 
toxic reactions, danger of meningitis, or tlie })rc.scncc of meningitis indicates llie 
use of sulfadiazine or sulfapyridine. Sulfanilamide was so much less effective 
than the other drugs that there seems to ho little reason for using it further in the 
therapy of infections with an organism listed in 'Pablo VI. A more detailed 
presentation of the experimental e%ddcnce and the conclusions in regard to each 
of these organisms listed in Table VI AviU appear elsewhere in separate ])apers 
for each organism. It has already appeared for Neisseria gonorrliocae." 

.sumiARY 

Analysis of 211 experiments similar to those in I'ables I to V on 118 strains 
of 11 different species of bacteria by the marrow culture technique comparing tlie 
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effectiveness of arsenical compounds and the four commonl}* used sulfonamide 
drugs is presented. Tliis analysis indicates that in marrow cultures arsenic 
trioxide and the seven pcntavalent organic ai-senicals tested are ineffective 
against all of tlie species of bacteria studied in therapeutically feasible concentra- 
tions. All of the trivalent oi’ganic arsenicals ordinarily used in the therapy of 
syphiUs are effective in marrow cultures against the six species of bacteria listed 
in column 1 of Table VI in concentrations corresponding to about 100 ganunas 
of arsenic per 100 c.c. Tliese trivalent organic arsenical compounds were almost 
completel}' uieffective in this concentration against tlie five species of organisms 
in colimin 2 of Table VI. The trivalent organic arsenicals at this concentration 
were more effective against most strains of the Sfapliyhcoccv.s aureus, Strepto- 
coccus liemolyticus, Streptococcus viridans, and Coryneiacterhnn dipJitheriae 
than the most effective of the sulfonamide drugs in concentrations of 5.0 to 10.0 
mg. per 100 c.c. The trivalent organic arsenicals when compared in these con- 
centrations were not as effective as sulfathiazole or sulfadiazine against the 
Neisseria gonorrlioeae and Hemophilus influenzae but were more effective than 
sulfanilamide. When effective at aU, the equally effective concentrations of the 
six more commonly used ti-ivalent organic arsenicals are shown in Table VIII, 
^vith the con-esponding arsenic concentrations, maximum tolerated therapeutic 
doses, and a therapeutic index, indicating their relative promise of effectiveness 
in clinical use against bacterial infections. There was no consistent correlation 
between the effective concentrations of the trivalent arsenicals and the sulfon- 
amide drugs tested. The equally effective concentrations among the sulfonamide 
drugs tested are sulfathiazole, 5.0 mg. per 100 c.c.; sulfapyridine, 10 mg. per 
100 c.c. ; stdfadiazine, 20 mg. per 100 c.c. ; and sulfanilamide, 30 mg. per 100 c.c. 

The bacteria tested showed marked species and strain differences in sus- 
ceptibility to the action of the chemotherapeutic agents, as indicated by the size 
of the inoculum which could be sterilized by a given concentration, as shorvn in 
Table VII. The Streptococcus liemolyticus, as shown in Table VII, was the most 
susceptible organism to the action of the trivalent organic arsenicals, and the 
Neisseria gonorrlioeae was most susceptible to the action of the sulfonamide 
compounds. 

coxcnusioxs 

Neoarsphenamine in a concentration which can be maintained 50 per cent 
of the time for 60 days clinically, if the directions for administration previouslv 
published® are followed exactlj*, deseiwes fm-ther trial in the therapy of subacute 
bacterial endocarditis and bacteriemias, endocarditis, or other serious infections 
due to the Staphylococcus aureus. Streptococcus liemolyticus. Hemophilus in- 
fluenzae, Neisseria gonorrlioeae, and, possibly, as a local application in diphtheria. 
Sulfarsphenamine and arsphenamine are somewhat less and mapharsen and 
clorarsen are much less effective than neoai-sphenamine when compared in con- 
centrations attainable clinically. 

Sulfathiazole would appear to be the drug of choice among the sulfonamide 
drugs now available for clinical use, with sulfadiazine to be substituted should 
sulfathiazole not be tolerated, and sulfapyridine or sulfadiazine to be used if 
meningitis is present or threatened. 
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THE EVALUATION OF ANTISEPTICS AND OTHER ANTT-INFECTIOUS 

AGENTS* 


VUari) J. ^IacNral, ]M.D., and Nancy C. Farnsworth, B.S. 
New York, N. Y. 


C OMjMUNICAELE diseases and wound infections have assumed an increased 
interest because of the continuing extension of belligerent actimty in the 
world and the measui-es for control of these disorders have again become of 
primary importance in medicine. One group of agents useful for this pui'pose 
includes those which may be employed to kill or inactivate disease-producing 
microbes or to restrict their actirity so as to render them whoUy or relatively 
harmless. Although not qiute exact in application, the term antiseptics is 
used in a broad sense to designate the agents in this categorj- and in this sense 
the germicides are included among the antiseptics. 

Antimicrobic agents may be applied in various ways for the control of 
infectious diseases and, m general, they may be roughly grouped in three 
classes according to locus of action. Those which are applied to the microbe 
while it is still at a distance feom its possible new mctim are in the first cate- 
gory. Methods for sanitaiy disposal of human wastes, especially incineration, 
and the adequate protection of water and food supplies belong here. The 
boiling of drinking water, as in the preparation of tea in China, and the gen- 
eral chlorination of potable ^vaters elsewhere rank high as hygienic measiu-es. 
By the time the water is actually ingested by man the dangerously destructive 
high temperature or high concentration of chlorine is no longer present. 
These agents perform their beneficent function and then become diluted, 
chemically combined or othervuse vitiated before reaching the human bodv. 
If, however, they still retain their death-dealing properties at this time, the 
possible danger to man requires attention. Food sterilized by heat mav be 
quite acceptable while that preserved with mercuric chloride or foimaldehyde 
is not. Much of our knowledge of these protective measures beloncs in the 
realm of rather ancient history* and the practical applications in sanitation 
have became routine. However, there stiU remain unsolved problems in this 
field and further exact information as to the exi.stenee and di.stribution of 
pathogenic agents outside the human body may lead to new practical advances. 
The evident distribution of the virus of poliomyelitis in sewane** and bv con- 
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l!uiiiuat('(l insects'' and tlie aniinai resei’Vdi rs nl' tlie virus of ycdlow icvrr' may 
he inonlioiied as ileins ]n'esenlinir new opporlnnilies in this 

In tlie second ealeiioiy may he jiiaeed tliosc aijents and procedures de- 
signed to protect from infeetion l)y their a)>plieation to the surfaces of the 
human body, the skin, mucous meml)ranes oi- recently contaminated open 
wounds. Carbolic acid, mercuric chloride, oxidizimr amnits and various alco- 
holic preparations are thus used for their local action as distinct from efi'ect 
after ab.sorption. The revolutionary advances in antisei)tic and ase])lic sur- 
gery which resulted from the eiioch-making observations <tf Lister were initi- 
ated by the use of these agents and no a<le<|Uately inform<‘d person could fail 
to acknowledge their real value when t>ro))erly employed, 'I'hesc chemical sub- 
stances are general protojilasmic poisons. al)l(‘ in .some in.stanc<‘s to destroy 
human tissues and even to kill the patient if miministered internally in suf- 
ficient amounts, lienee they are msed for their /orrd artinu in such a way that 
the amount absorbed is too small to induce dangerous iioisoning. This funda- 
mental concept, very clearly understood in the preceding century, has become 
somewhat obscured by the teachings of some modern authors who have failed 
to distinguish clearly between the lonil jiroteetive action of an anfi.scptic and 
the effect of an antimicrobie agent afUr ftl>.'<(n-j)linn. (larrod'' has e.\])rc.ssed his 
astonishment that this distinction has recently been so lightly disregarded, 
lie has emphasized that local antiseptics helj) in cleansing the wound, <lc- 
odorize it, prevent access of further infection and prevent transmission of in- 
fection to others; during the first two hours, when the infectious microbes are 
largely on the surface of a wound (contaminated wound) the loejd antiseptic 
may suffice to destroy them. The superlieial tissues may be injured or even 
devitalized and the local leucocytes inactivated by this antisejitie jiroeedure 
but this local destructive action is temiiorary and is a small iirice to pay in 
consideration of the control of the infectious agent. -After a wound has been 
infected for .several hours the microlies may have jienetrated well beneath the 
.surface where they cannot he effectively i-eached by the local anfisei)tie agent. 

In determining the suitability of an antiseptic for local ai)j)lication, the 
experimental animal with a controlled wound should receive first consi<lcra- 
tion as a criterion. Ku.sscll and Falconer" made ex])crimental wounds of the 
brain in rabbits and inoculated the.se wound.s witii sf rcptocoeei, jnieumococci 
or diphtheria bacilli and then, after lapse of an hour', they applied the anti- 
septic agent to be tested. Some local injury to the delicate brain tissues was 
to be expected. However, they succeeded in overcoming the infeetion and 
obtained complete recovery of their treated animals in contrast to the fatal 
outcome in itntreated controls, by u.se of proflavine sulfate and 2:7 dianiino- 
acridine hydrochloride. Such in vivo studies of nntise])tics reejuire eonsidera])le 
technical .skill. Less exacting are many of the tests in vitro. 


The official standard te.sts of the Food and Drug.s Administration, U. S. 
Department of Agriculture' ai'C relatively more simple. Hero only one bac- 
terial organism {Staphylococcus aureus) is used and its resistance i.s cheeked 
against carbolic acid. These tests are not considered adequate in all instances 
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as indicated by the following passage in the officially approved publication' ; 
“The limitations of the phenol coefficient make it necessaiy in some cases to 
j\idge the gennicidal preparation by other tests or by additional tests.’’ These 
official procedures do afford evidence to decide whether or not the particular 
antiseptic is cai)able of killing or inhibiting the staphylococcus under the 
standard conditions and these procedures have been extensively employed in 
testing A-arious antiseptic agents intended for local use. 

The practice of using any one simple in vitro test as a criterion merits a 
feAV Avords of caution. The point of view is unfortiuiate. It is much better to 
make a more complete study of the antimicrobic agent to learn as fully as 
possible its properties, mode of action, limitations and its pos.sible injurious 
effects upon A-ertcbrate tissues and. from the results of such studies, to arriA'e 
at an estimate of its possibilities for good and harm. Actually one may not 
justly assume that the behavior of fttnphylococcus riurenx or of any other .single 
species of organism toward an antimicrobic agent is a reliable measure of the 
behavior of other infectious agents. Furthermore, there is no jmstification for 
the assumption that any single technical procedui-e, in vitro, should be accepted 
as a final criterion for evaluating the antiseptic activity again.st eA-en the single 
organism tested. A variation of technique may bring a ncAv revelation. 
Therefore, neAv technical procedures should be Avelcomed as means of extend- 
ing our knoAvledgo but certainly they should not pretend to supersede the 
older “standard” methods. If one sets out to deA'ise a single test to e.xtol or 
to discredit atiy particular antiseptic, his task is not difficult provided other 
evidence can be excluded from consideration. 

A brief consideration of some common antimicrobic agents may seiwe to 
illustrate the pitfalls and to indicate the many factors requiring attention. 
Mercuric chloride in a 1:1.000 dilution kills Avithin one minute the staphylo- 
coccus in a not too heavy Avatery saispension. IIoAvevei-. if the bacteria are .su.s- 
pended in blood or other albuminous fluid, this gei-micidal effect may be con- 
siderably delayed or even prevented. Furthermore, a ncAV element of diffi- 
culty is thus encountered because it may not be easy to decide Avhether or not 
the microbe has been killed. Transfer to a medium containing ammonium 
sulfide or inoculation into the tiring animal may reA'eal continuing A'iabilitA' of 
the microbe although the ordinary transfer cultAire may remain inhibited bA' 
the associated trace of the germicide. Local tissue injury caused bA* mercuric 
chloride may ordinarily ap])ear unimportant but if this agent is applied to 
large body surfaces for considerable periods it may Ijc absorbed in .sufficient 
amounts so as to induce severe nephritis and fatal anuria. 

Iodine, c.spcciaily in alcoholic solution, has been a favored local antisentic 
for many years. It stains the superficial elements of the .skin or mucous mem- 
brane or Avouud surfaces, if these are not too moist. The iodine remains foi- • 
time in the stained tissue, beiiur more rai)iiny removed Avhere there is abundant 
moisture and active circulation of blood. Mdiilc the ti.ssucs arc stained Avif) 
iodine, the bacteria do not -row in them, hut by removal of the ii)dine wit/ 
thiosulfate (Uie mav often fliseover that the hneleri;' have net l.rrr, . - ’ ^ 

v'L iini ocen extenninated 
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but .Ti'O only in a doi’inaiit. slate. Jk'iiee in Ic.stin'T {lie "erniieiilal action of 
iodine, the neglect of this .stop to inaclivatc the residual iodine may permit 
misleading results. 

The soaps ai'e only mildl}* antagoni.stic to ordinary bacloria but they have 
long held a favored place in the hygienic care of the .skin, accessible mucous 
membranes and recent superficial wounds, largely because they aid in the me- 
chanical removal of e.xfoliated e])ifheliuin, decomposing secretioii.s, c.Ntraneoiis 
material and microbes, l^ractical medical and surgical experience has long 
justified the confidence placed in soaps. iMorc reemitly it. has been shown*' 
that soaps possc.ss remarkable potency to inactiA'ate certain of the di.scase 
Auruses, such as those which cause influenza, lierpes and poliomyelitis. Ob- 
viously .soaps are used for their local action, and their destructive effect upon 
blood® or internal tissue elements is of academic ratber than practical im- 
poi’tance in the antiseptic field. 

One of the least dangerous of local anfi.sepf ies in general use is repre.scntcd 
by liquor antiseptiens of the National Formulary’" and the many commercial 
preparations of similar composition. These are e.ssentially mi.xtnres of dilute 
alcohol, thymol, boric acid, essential oils and aromatic organic .subsfance.s, 
sometimes Avith added fiavoring and coloring matters. Liquor antisepticu.s 
is dispensed in a form so adjusted that it should be employed in the undiluted 
state and Avhon employed as dii-ectcd it is able to kill staphylococci promptly. 
Tests against the A’irnsos” of cOAA’pox and of influenza haA'c recently shoAvn 
that these pathogenic agents are quickly inactivated by liquor antisepticus in 
concentrations above SO per cent. The germicidal poAver of this agent is lost 
AA'hen it is diluted to 50 per cent or more and tests performed Avilh such dilu- 
tions are likely to mislead. 

In the third category of anti-microbic agents avo may consider tho.se de- 
signed to act after absorpiioii, upon microbes Avhich haA'C alreadj' penetrated to 
the internal medium of the living host, AAdierc they are surrounded by lymph 
or blood or by the protoplasm of Imng cells deep l)eneath the epithelial sur- 
faces, PreAdous to the present century this category Avas made up almost e.v- 
clnsively of biological products, particularly the antisera produced by pro- 
cedures of immunization, but in addition there Avere the purified chemicals ex- 
tracted from cinchona bark, acthm against malarial parasites, and emetine, 
acthm against the dyscntei’ie amoeba. The modern era of enthusiastic chemo- 
therapy in this field began Avith the dyes, tiypan-rot and trypan-blau, Avhicli 
could be given to mice in doses large enough to tint the entire body and, 
marvelous to tell, in doses adequate to cause, in the living mouse, the sudden 
and complete disappearance of trypanosomes from the blood, Avhich had been 
SAvanuing AAuth these parasites before treatment. Tliis achievement of the 
Ehrlich School Avas soon folloAA^ed by the discoA-erj’- of the arsplieuamines, Avhich 
could be given to rats in doses sufficient to cause a similar sudden disappear- 
ance of the spirochetes of relapsing fever preAuonsly sAvarming in the blood. 
Here then, Avere examples of synthetic chemicals capable of sclectiA^c destruc- 
tion of certain microbes Avithoirt, at the same time, killing the animal host. 
Subsequently various dye substances and many other synthetic chemicals have 
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been introduced and exploited. The enthusiastic reception of these agents has 
been due, in part at lea.st, to their demonstrated actual efficiency. The most 
spectacular of recent antimicrobic chemotherapeutic agents are represented by 
the sulfonamides. It is possible to introduce sulfanilamide into mice by 
stomach tube or by parenteral injection in sufficient quantity to overcome an 
otherwise fatal infection with hemolytic streptococci and abundant elinieal 
trial has demonstrated the value of sailfonamides in human infections vith 
bacteria of this type and also of other type.s, especially gonococcus, pneumo- 
coccus, some types of staphylococcus, colon bacilli and sporogenic anaerobes. 
The continuing exploitation of new lands of sulfonamides, which appear to be 
well-nigh inexhaustible in variety, affords opportunity for eontinued renewal 
of enthusiastic expectations and the febrile patient as well as his phy.sician is 
often tempted to use one of these drugs even before the microbie cause of the 
fever has been ascertained, sometimes ivith disastrous result. 

In testing these drugs, their administration to animals infected with the 
particular microbe was the first and still remains the basic and most reliable 
eriteiion of efficiency. Testtube methods are less expensive. One may de- 
termine the drug concentration necessary to prevent or restrict the growth of 
the particular bacteria in a culture medium such as broth, agar or citrated 
blood. When this is carefully done some interesting observations emerge, 
showing that biological study of this sort is not so simple as might at first be 
assumed. Prevention of bacterial growth has been found to depend not alone 
on the concentration of the drug in the medium but also to an important degree 
upon the size of the bacterial inoculum. Thus, when less than 1000 strepto- 
cocci have been seeded, their growth has been completely suppressed by sulfa- 
nilamide in a concentration of 1 to 100,000, while with an inoculum of a million 
or more streptococci growth goes forward even in a drug concentration of 
1 to 100. Furthermore, it has been found that the addition of a minute amount 
of para-amino-benzoie acid'- to the culture medium serv'es to overcome the 
bacteriostatic infiuence of the sulfonamide and thus to permit growth even of 
a small inoculum. Other substances not yet precisely identified exhibit a 
similar infiuence. 

Very ingenious technical methods have been employed by Fleming'- to 
demonstrate and to test the antibacterial effects of the sulfonamides and of 
some other antiseptics. He uses slide cells in which citrated blood inoculated 
with vai’iable small numbers of hemolytic streptococci and mixed -with variable 
small amounts of drug are sealed in with sterile vaseline paper strips and in- 
cubated. Bacterial growth is gros.sly revealed by hemolysis and can be re- 
corded by photography. Wlien freshly prepared, the citrated blood contains 
living leucocytes and the conditions approximate those of the eirculatin" 
blood. A small inoculum of less than ten streptococci may be completely sup^^- 
pressed by the natural citrated blood itself without addition of drug, whereas 
the same citrated blood after passage through cotton to remove the leucoe^des 
will permit the streptococci to grow. Even more interesting, it was found that 
the addition of minute amounts of anti.septics. as. for example, carbolic acid 1 
part in 700 of blood, serves to inhibit the natural anti-bacterial aetivitv of the 
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phagocj'tic cells so that the niiinite iiiociilum of .st feiiliicoeci is peniiitted to 
grow and to heinolyze the hlnod while (he c(iiiii’()l jireparation without jiheiml 
shows no growth. Of coui’se, when a .snfiicient strength of the phenol is used 
the growtli is sniipres.sed, l''Ieming has used this method to a.s(;ertain the 
effects in blood of very minute eoneout rat ions of various older antiseptic.s as 
well as of the newer sulfonamides and also to demonst I'ati! the importaiiee of 
the size of the inoculum and the variable i)ehaviors of difi’eiamt hinds of bac- 
teria. In another technical jiroceduia', Fleming'" Jins usee] solid agar in a 
Petri di.sh. Decimal dilutions of the liaeterial enlture aia^ sfU'ead as broad 
streaks across the di.sh on the surface of tin* medium. Tlien a sofsiiH'Hi of the 
solid agar is cut out at one side of the dish and tin* resulting defect is filled 
with melted agar containing the drug to be tested, for example, 1 to ‘500 sulta- 
nilamide. Diffusion of the drug (‘Xtends from the 5nsei-t into (he original agar 
and tends to inhibit bacterial growth to a variable distance from the line of 
junction and by observation of this inhibition one may estioiate tlie relative 
susceptibility or resistance of tlie jiartieular bacterial strain to the drug and 
may also observe the importance of size of inoeidum in detei’iiiining the growth. 
Ihis procedure is perhajis le.ss laborious and exacting than the blood-slide 
culture method and it lends itself to the prompt testing of a (■ulfure rocentl.v 
isolated from the patient, 'i’hese studies of I'limiing help toward a better 
understanding ot tiie action ol ehemolherap(*u(ie agents in tin; blood stream 
and in the internal tissues, a/fer almrpiiou. 

Somewhat analogous comparative studies of tissue* toxicity and anti- 
bacterial influence Iuia'c been carried out by other investigators. O.sgood'^ has 
used m vtiyo tissue cultures ol tlie cells of bone marrow to ascertain the (juan- 
tity of ding lequii'cd to inhibit bacterial growth in such cultures and the 
quantity of drug Avhich will bring about destruction of the tissue cells, thus 
deteimining the effective antibacterial concentration and the effective tissue- 
toxicity concentration. 

More recently Welch" and Ids as.soeiates have attempted to estimate tox- 
icity of antibacterial agents by micro.scopic observation of phagocytic activity 
of leucocytes in diluted citrated blood to which the drug is added and to com- 
pare this tissue toxicity with the germicidal effect of the drug in a somewhat 
different dilute citrated blood. 

We have used technical methods of Fleming and those of AVclch in the 
study of various chemotherapeutic agents and have been able to confirm the 
observations of Fleming in regard to the sulfonamides. By the technic of 
AVclch, hoAvcAmr, it Avas found that azo.sulfamidc is “toxic” in a 1:100 dilu- 
tion and “not germicidal” in anj^ concentration applicable by the prescribed 
technique and hence having an immeasurable “toxic index” above 40. Pre- 
cisely analogous results Avere obtained Avith sodium sulfapyridine. Unfortunately, 
AVelch and his associates have attempted to utilize this technical procedure, 
employing citrated blood, as a criterion for evaluation of antibacterial agents 
designed for local use on the body surfaces, an application Avhich, as has been 
so clearly indicated by Garrod, is unscientific and likely to bo misleading. In 
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OUT laboratory a test, by tlie teehiiiquc of 'Welch, of such substances as lemon 
juice, whiskey, clear tea infusion, black coifee infusion, grapefruit juice, 
vinegai', tomato juice and liaking soda, has shown that each of these agents 
exercises, according to this technical procedure, a powerful “toxic” inhibitory* 
influence upon the phagocytic acth-ity of leucocytes, while they are 'u-ithout 
demonstrable geiTuicidal A*alue. 

The “toxicity” tests upon tissue cultures or upon fresh citrated blood haA'e 
real value in tlie study of antibacterial agents acting after ahsorption. They 
are not, however, entirely adequate and reliable and may fail completely to 
disclose the important danger. The animal body includes different kinds of 
tissue elements which vary among themselves in their reactions to dnigs. A 
concentration of alcohol too weak to influence the cells in a tissue culture or 
to inhiliit leucocytes in citrated lilood, may, nevertheless, when present in the 
circulating blood, cause alterations in the Ihing nervous .sy.stem which result in 
traffic accidents. jMercurie chloride in the blood in a concentration too .small 
to influence phagocytosis may cause death from nephritis and uremia. Sulfa- 
methylthiazole maintained in the blood at a level without demonstrable effect on 
leucocytes or tissue cultures may induce enduring paralysis. Sulfapyridine 
and sulfathiazole cause toxic injury, not by inhibiting phagocytosi.s, but by 
lesions in kidneys, gastrointestinal irritation, changes in bone marrow, myo- 
cardial injury'" and other more obscure alterations. Deaths'® directly ascribed 
to administration of the sulfonamides have recently been mentioned in medi- 
cal publications. To those familiar with the methods of pharmacologic sci- 
ence, these comments will appear superfluous, but thej* seem to be needed at 
this time. 

In our laboratory an attempt is being made to study tis.sue toxicity upon 
the entire anhiuil by the relatively inexpensive procedure of injecting the di-us 
into embryonated eggs.” The developing chick is a fairly standardized test 
object and the injected drug does not escape from the shell before hatching. 
Death of the embryo or survival and successful hatching are grossly cA-ident. 
The method lends itself to comparative tests of antimicrobic agents alone, of 
these same agents mixed with infectious A'iruses or bacteria and of the infec- 
tious agents alone. It may prove useful. 

summary 

A distinction has lieen drawn between three groups of antimicrobial 
agents according to locus of action: (1) tho.se acting apart from the human 
host called disinfectants; (2) those acting on the epithelial .surfaces or upon 
superficial Avounds, designated as antiseptics; and (fi) those acting after ab- 
sorption and classed as anti-infectious therapeutic agent.s. chemical and bi- 
ological. 

There is no single, easy and simple technical method of evaluating all Ihe.se 
agents. The method of Ehrlich and Kollc. in Avhich one admiiiisrers lar^e 
amounts to animals to ascertain tlie lethal dose and smaller amount.s to hi- 
fected animals to ascertain the thorapeutic dose, approaches most ncarlv the 
ideal procedure. Unfortunately, not all microbo.s can be tested against dru"S 
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in this way and when feasible the oxperiincnls are eoslly and the relationships 
sometimes so complex as to leave many questions unanswered. Various hinds 
of studios, ineludins those hi vitro, are, therefore, to he weleftmed. We are op- 
posed to the attempt to evaluate an anti-infections a^ent on the basis of a 
single "standard” test and we must he on guard against the misleading result 
of a specially devised teeliuifiue designed to extol or to (!ondemn sonic par- 
ticular agent. It is important also to recall tiiat the causes of infectious dis- 
eases are many and varied in nature and that the drug effective against a 
spirochete ma}' not control the anthrax bacillu.s, nor may the agent effective 
against the pneumococcus be assumed nece.ssarily to be ])Otent against the 
virus of small-pox or influenza. Especially unfortunate is the all loo common 
assumption that an "antiseiilie” must be considered worthless unless it may 
be I'clied upon to control all infccliems agents in all coneenirations. So far as 
we know, only incineration may be accorded this d(‘gr('e of enicicncy with full 
confidence. 

Biology is a science of eomj)lexiti<‘s and the control of infections disea.se.s 
is a biological problem of the first order. AVo suggest fherefoi'c a broad ap- 
proach to the study of anti-infectious agent.s, which welcomes all obtainable 
information from every reliable moans of observation. One. may thus de- 
termine the peculiar properties of the agent studied and may decide as to its 
place of usefulness, if any, in the control of infectious di.sf;as('s. 'J'oo frequently 
the lack of this essential knowledge about an antiseptic and its ajtplieabilify 

i.s the actual reason for failure in its use. 

coxcnusioN.s 

1. Anti-infectious agents acting on microbes ;it a distance from the host 
may be designated as disinfectants. Then’ toxicity for the human host may 
be unimportant when it is vitiated before they reach the host. 

2. Agents applied to the body surfaces to oppose disease germs may be 
designated as antiseptics. Such agents should exert the desired local ekect 
upon microbes and should be free from danger of serious poisoning, particu- 
larly after absorption. Animal experimentation, tests m vitro and clinical 
trial may contribute to the evaluation of such agents. 

3. Antitaierobic substances acting after absorption belong to the category 
of chemical and biological therapeutic agents. The desired effect upon the 
microbe should be obtained by a drug concentration much less than that re- 
quired to kill the animal host. Possible toxic effects may endanger particular 
organs or tissues and may sometimes be revealed only by animal experimenta- 
tion or clinical tx'ial. 

4. It is possible to discredit or to extol a supposed antiseptic by employ- 
ing a single selected test procedure to the exclusion of other evidence. Such 
misleading methods are not recommended. 

5. Evaluation of an anti-infectious agent .should be based upon all avail- 
able knowledge of its properties obtainable by various procedures. 
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S POX'TAX'EOUS nipture of the splcon in IcticcTiii.-i is .-i rare* oc(‘urr(*nco. A 
review' of the literature revealed only seven siieh possiiile eases, llaninie.s- 
fahr’ (1923) .states: “T'nti.sualiy rare are spontaneous ruptures (of (he sjileeii) 
in leueemia, of whieh there are only (wo eases in the literatiire, de.serihed hy 
Ro]citan.sky (1861),” Laiifie' (1928) mentions five ea.ses fiami the literature 
and adds one of his own. Only one more ease has been reeoi'ded sinec 1928. 
that of NcaP (1940). 

As to the relation of trauma to leueemia. Olovsoid (1939) eollected 67 
eases from the literature, and added two of his own, in whieh leueemia haj)- 
pened to occur in association with trauma to the sjileen or to lonji hones. 8i.v 
more eases have been reported since Olovson's paper u’as imbli.shed: three by 
Yaguda and RosenthaP (1939). two by Comcett'’- (19.39) and one by Sehau* 
(1939). There was also one ease reported by XovikoO’ (1933) (cited by 
Forkner®) which Olovson failed to include in his tabulation, so that altogether 
about 76 such cases have been recorded. While it is true that in many of (he 
reported eases the authors did not claim that trauma was resiionsiblc for the 
leueemia, yet a sizable number of ea.ses have accumulated in the literature in 
which an ctiologic relatiomship between the two .seemed to e.vist. 

The ea.se presented here i.s of intere.st primarily becau.se of the rarity of 
spontaneous rupture of the .sjileen in leueemia and secondarily becamse if 
brings up for consideration the (pie.stion of traumatic leueemia, 

CASK KICeOUT 

H. B., white male, aged 24, milk delivcry-imm, uji,« admitted to tlio Alercy Ho.'.pital 
on January 31, 1941. Chief coinplaint.s; weakness, nlidominal eramps, nansca, profuse 
sweating and loss of weight. Family hi.sfory was unimportant. Pust hi.slory; at the age 
of 11 he was operated upon for appcndiciti.s eomjilicatcd hy periloiiitis. At the age of Id 
he suffered a severe injury to the left side of the nhijomoii and the left flank, in a coa.sting 
accident; this was followed by hematuria. The phy.sician who attended him at that time 
e-xprossed the belief that both the left kidney and the spleen were ruptured. However, 
the hematuria quickly subsided, and the patient recovered from the accident in a relatively 
short time, seemingly suffering no ill effects .sulnsequoatly. 

History of present illness: On December 22, 19-10, while the patient attempted to 
climb on the wagon in the course of hi.s- daily work, the horse .started unexpectedly with a 

*Frora the Department of Medicine, Dniversity of Mebraskn, Omaii.a, -and tlie Department 
of Patholog:}', Mercy Hospital, Council Bluffs, Iowa, 

Keceived for publication. Sept. 28, 19.12. 
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jerk; the imtieiit luinsod tlie Hteji and fell to the pavement twisting his body and the louver 
back. Upon examination at his home within three hours after the accident, skin abrasions 
over the right elbow were the only visible marks of injury. The objective findings were 
those of “luinbo-.sacral sprain,” and the patient was taped ii-ith adhesive. At the phy- 
sician's office the following day, x-ray examination of the back and pelvis showed no frac- 
tures. Patient returned to work in a few days. Almut a week later he came down with the 
“flu” (as diagnosed by the attending physician). In a few days he again returned to 
work, but complained of being easily fatigued. On January 25, 1911, he reported for a 
phy.sical examination, expressing the belief that he was suffering from ‘‘stomach ulcers.” 
A routine blood count was done; the hemoglobin was 7a per cent; the erythroetdes num- 
bered 4,200,000 and the leucocytes 9,SflO per c.mni. Examination of the blood smears was 
not made. He was advised to go to the hospital for ob.servation. This he refused to do at 
lir.st, but consented to a few days later (.Jan. 31). 



Fig. 1. — Photomicrograph of btood smear taken on Feb. 13. X930. 


Upon entrance to the hospital, his temperature was 102° F.; there was abdominal 
tenderness and rigidity, and slight cervical adenopathy. The blood count was: Hgb. 14 
grams; red blood cells, 4.(140,000; white blood cells. 21,500. The differential count (as 
recorded by the technician) was; segmented neutrophiles .S per cent; ensinophiles 1 per cent • 
lymphocytes (?) 01 per cent. ’ 

Pro(irexs in Ihc Iln.^pilnl . — The leucocyte count was .35,000 on Feb. 3, A careful studv 
of the blood smears (A. S. K.l disclo.sed that almost SO per cent of the leucocytes were 
promyelocytes, with occasional Idast-cells. Jlost of the colls were oxydase positive The- 
findings were suggestive of acute leucemia. The elinicui picture, however, did not ^ 
rant this diagnosis: there were no purpuric manifestations, no ulcerative lesions i 
mouth, and but slight swelling in the cervi.-al lymph glands, rhe patient’s chief” 
plaint was abdominal pain, not limited to any particular region. On .account of o • ■ 
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muscle guard the sploon could not lie palpated. The ieiic(ic\te count continued to ri?c: 
on Feb. -i it was -JO, 700; on IVb. 7, ('iS.dtiO, and on Feb. ]1. .S'J, 100. The appennincc of the 
colls in the stained smears was frankly Jeueeinie. In the last smear (see Figs. 1 and 2) 
SS per cent of the leuoocyti's bclnnged to the young myidocytic /(“rie.s, mainly promyelocyte.'! 
with occasional blast-cells and r.ire myelocytes. Xneleated red cidls became very frequent. 
The rod count on Feb. 11 was a.OOii.oOO and the hemoglobin 10.2 grnm.s. A diagnn.sis of 
acute leucemia was made and a iioor progno'iis given. In .spite of this the iialient did mil 
appear to be critically ill. 



Other laboratory findings: (1) The urine contained a trace of albumin, isolated 
leucocytes and rare granular casts. (2) The blood K.P.N. was .'IG mg. per cent and the 
creatinine 1.4 mg. per cent. (3) The hctrophilo antibody reacliou was negative. (4) The 
icterus index was 5. (5) The blood culture remained sterile at the end of 72 hours. 

On Fob. 14 tho patient, feeling unable to eat his breakfast, “forced down some food” 
and vomited shortlj^ after. About 10 a.m. ho became very restless and complained of rvenk- 
ness and pain in the precordium, requiring two hypodcnnic injections of niorphino during 
the day for relief. He dozed for short intervals but continued to complain of preeordial 
pain. His respirations became labored. At 0 p.m. his temperature rose to 104°, his pulse 
could not be counted accurately (recorded as 1507) and the respirations were 42 per rain. 
He became irrational and involuntary. He died at 3 a..w., Feb. 15. 

Autopsy was done at 8 a.at. Feb. la. The body had boon embalmed but tlie abdominal 
cavity had not been disturbed. 

Important gross findings, as abstracted from tho autop.sy protocol: The left pleural 
cavity contained over one quart of thin blood-tinged fluid. The pericardial sac contained 
about 100 C.C. of bloody fluid. There were some ecchymotic areas in the opicardium near 
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the apex. The peritoneal cavity contained over one quart of clotted blood. A mass of 
confluent glands, the size of a hen ’s egg, was present in the mesentery of the ileum near 
the cecal juncture. The entire root of the mesentery was infiltrated with large gland.s, 
many of them the size of a walnut {see Fig. 4). The retroperitoneal h-mph nodes along 
the aorta were greatly enlarged and formed a continuous chain extending from the pelvis 
to the diaphragm. The left kidney was rather small, weighing 110 grams; it was round 



Fig. 3. — Photograph of ruptured .spleen. 




Fig. 4. — Photograph of of glands in the root of tlie mesentei-j-. 

and flat; the caliccs were dinortod. The risrht kidney was of normal shape and quite lar-c 
weighing ;»n gT.ain?. The spleen was enveloped in a mass of omentum. As the omentum 
was shelled ofT, a very soft, enlarged ruptured spleen was found. The rupture oecurre ! 
almost through its middle, transverse to the long axis, and extended from the concave 
l>onler nearlv htilfwav ui«Ith of the or‘*aij /'«/*/> 




FiK. 5. — Pliotoniic-roRiaiili of wrliim of tlii' .■-•plci'ii. XJK'. 



pig_ g. photomicrograph of section of the liver. XHO. 
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(grains; the tissue was unusually soft. On section, the color varied from reddish-brown to 
dark-chocolate, ilany areas were cystic, the tis.suc being in a fluid .state. The liver 
weighed 2300 grams. The cut surface was very soft. Both lungs had dark patche.s at 
the bases. On section, large edematous areas were present through the posterior portions 
of both lungs, especially in the lower lobe.s. 

Summary of the gross anatomic findings: (1) Ruptured, degenerated spleen; (2) 
massive intraperitoneal hemorrhage; (3) swelling of the me.senteric and retroperitoneal 
lymph nodes; (4) left hydrothora.v; (~)) hemopericardium; (6) distortion and scarring 
of the left kidney and compensatory In-pertrophy of the right kidney; (7) hj-pertrophy 
and degeneration of the liver; (S) pulmonarj- edema. 

Important microscopic findings: Sections of the Ijmph nodes presented the usual 
histologic picture of leucemia. Frank leuceraic change.* were also evident in sections of 
the .spleen, though here the process of necro.sis over.shadowed all other findings (see Fig. 5). 
Sections of the liver .showed generalized parenchymal necro.sis, fatty metamorpho.si.s, and 
areas of leuccmic infiltration. The latter were most pronounced in the interlobular con- 
nective tissue, around the ducts (see Fig. 6). Leuccmic infiltration was also apparent in 
sections of the pancreas, kidneys, adrenals and lungs. 


CO.MMEXT OX CA.SE 

It is difficult to evaluate the hi.story of in.iury at the age of 13. According 
to the ph3'sician who attended hint at that time, the patient had a hematuria 
which cleared up in a few daj's. Rupture of the spleen was suspected at first 
but the patient seemed to be in good phj'sical condition and never manife.sted 
any evidence of internal hemorrhage. Jloreover, bj* the time the hematuria 
disappeared, he seemed to have totally recovered from the effects of the in- 
jury. 

Tlie hi.stor.v of the accident six weeks before the patient’s entrj- to the ho.spi- 
tal permits a good deal of .speculative reasoning. 

One could assume that the patient suffered a subcapsular tear in the 
spleen, and that a hematoma was formed. The patient continued to complain 
of abdominal discomfort and developed fever and malaise which was diagnosed 
as "the flu.” The hematoma could lead to increa.sed ten.sion within the .spleen 
and cause degenerative changes in the imlp. All through the period of ill- 
ness the degeneration might have continued to progre.ss, and finalh' the organ 
might have ruptured from a trivial increase in pressure when the patient 
turned in bed or during the act of vomiting. This line of reasoning does not 
take into account the Icucemie changes in the blood and ti.s.sue.s. 

Again, one might .speculate that the accident had nothing to do with the 
patient’s illne.ss. The on.set of the illne.ss might have happened to coincide with 
the time he returned to work after the accident. Ilis complaints of malaise 
weakness, anorexia and abdominal cramps were diagnosed as ‘‘the flu ” a 
diagnosis often made at the on.set of acute leucemia. The blood findings were 
not characteri.stieally diagnostic at finst but became more and more so as the 
disease progressed, simultaneously with the rapidly changing blood })iclure 
and culminated in sndflen spontaneous rupture. 

A third combination could be rationalized: it might be as.sumed tlmt the 
recent accident was not severe enough to produce ruiUure in nonnal spleen 
However, the aecideni suffered by the patient .al the age of ]:] might have pro 
duced a tear in the siileen which had healed. The se.ar formed hi the line of 
healing might have given way during the last accident and brought about afi 
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the sequelae of the first mentionofl possibility. The fact tliat the spleen was 
highlj' clcgeneratcd made it impossible to demonstrate any jireexisting lesions 
in this organ. From the ajipearanee of the left hidino’. however, one could 
surmise that the distortion in its shape was due to t!ie roasting aeeident and 
that the spleen quite likely also suffered injury at that lime. 

Gi; NKKAI, DISCU.SSIOX 

Spontaneous rupture of the spleen is invariably associated with jireexisl- 
ing disease of this organ. A normal .spleen will not rupture unie.ss it is siih- 
jected to violence of a considerable degree, lluiilure of the spleen in the ab- 
sence of obvious trauma is an indication tlint deeji-seated degenerative and 
necrotic changes have taken place. Necroses of the sfileen in Icuccmia are not 
uncommon. According to Lubarseh (cited by Bcliullz''), they occur in up to 
50 per cent of the eases of myeloid Icuccmia, and are sup])o.sedly duo to arterial 
thromboses. The damage of the arterial wall may be similar to that ])roduced 
in periarteritis nodosa which leads to the formation of thrombi. According to 
Benda (cited by Schultz), the inrdtration of the vascular wall with leueemic 
cells is a common oeeurrence in Icueemia. Such inlilt rat if)n within the walls 
favors formation of thrombi within the lumen. Another factor, initiating 
thrombus formation in Icueemia, was pointed out by Ilirschrdd (cited by 
Schultz), as being the increased viscosity of leueemic blood, lie explained the 
formation of thrombi in the corpora cavernosa on the same basis. 

^\Bule the above-mentioned vascular changes produce or tend to ])roduce 
necrotic changes in the spleen, .such necro.scs are generally of a mild degree. 
Quite rare are the necroses which involve the greater ])nrt of the organ, as in 
the case recorded by Schultz. Even in his case the necrosis did not load to 
rupture of the spleen. Our case is unique in that the degeneration of the 
spleen involved almost the entire organ. Such extreme necrosis has been 
recorded by Sehtscherbatoff (eited by Frieslcben’®) in a imticnt who was re- 
covering from a severe ease of Ijqihoid fever and who afler a very light strain 
suddenly collapsed and died. Autop.sy disclosed a transverse ru]duro of a 
totally disintegrated spleen. 

The sequence of events in our case could be viewed from two difTcrent 
angles: (1) This was a ease of i-apidly progressing acute leuccmia. The de- 
generative changes in the spleen paralleled the day-by-day hematologic 
changes, culminating in total disintegration and rupture of the organ. (2) 
This was primarily a case of degeneration of the spleen, initiated by a sub- 
capsular hematoma of traumatic origin. The leircemic changes in the blood 
resulted from abnormal stimulation of the hematopoietic apparatus by the 
disintegrating spleen. 

In a paper prrblished under the title “Leukemia Following Trauma,” 
Lewsen (1930)” collected sixty cases from the literature, including one case 
of his own. However, the evidence in trventy of the cases was not convincing 
and he tabulated only 40 of the cases (all of these are also included in Olov- 
son’s tabulation). The tjqje of trauma -was classified by Lewsen into three 
groups: (1) blow to long bones or ribs which may or may not resiilt in a 
fracture; (2) blow in the region of the spleen, sometimes rupturing that or- 
gan and (3) a general severe shaking. Lewsen concedes that trauma to 
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hematopoietic tissue does not always result in leucemia. He is of the opinion 
that leucemia would be produced only in individuals who have an inherent 
predisposition to this disease. He draws an analogj' between traumatic leii- 
cemia and traiunatic sarcoma, pointing out that trauma alone, without the 
individual predisposition, would hardly be sufficient cause for the production 
of either. 

Analyzing his own tabulated cases, Olovson concludes that they could be 
divided into 3 groups; (1) those in Avhich traiuna leads to the diseoveiy of 
an existing leucemia; (2) those where traiuna causes an aggi-avation of an 
existing leucemia, and (3) those where trauma seemingly causes the leucemia. 
It is obvious that our attention would be centered principally on the eases of 
group three. Yet, even in these, according to Olovson, trauma could play but 
a minor role in the production of the disease, because traumata occur fre- 
quently whereas traiunatic leucemia is a rare occurrence. He is of the opinion 
that trauma may constitute the exciting factor in a penson predisposed to 
leucemia. 

Tuguda and Rosenthal are stiU more outspoken in their view that trauma 
could not be the sole factor in the production of leucemia. These authors be- 
lieve “that trauma initiates leucemia in a person ivith a preexisting tendencv 
to the disease. The injury upsets the fine hematopoietic balance which has 
maintained the leucemia in its latent state and causes a more rapid progression 
of the process with development of frank symptoms of leucemia.” 

In the main aU the above authors agree that trauma to hematopoietic tis- 
sue by itself could not be considered sufficient cause to produce leucemia. 
They all believe that trauma plays the role of a precipitating factor, in an in- 
dividual who has an inherent tendency to the disease. 

Mention may be made here that the problem of trauma and leucemia also 
attracted attention in veterinary medicine. Cases of leucemia followiim 
trauma have been observed in a sheep, a horse, and in dog.s, as reported bv 
Weber, Wirth, Share-Jones and Jarmai (all these authors are cited bv Olov- 
son). Jarmai conducted a series of experiments on dogs in wliich he trau- 
matized the spleen by an open operation. However, all the experiments re- 
sulted in failure to produce any leucemic changes in the animals. 

The problem of trauma and leucemia is of special importance fi-om the 
medicolegal standpoint. In OJovson’s series. 19 of the cases have been scru- 
tinized by insurance commissions and 12 were granted compensation. This 
presumably implies that on the surface, at least, a cause-and-eft’ect relation- 
ship seemingly was present in the 12 cases. Furthermore, we should Im mind- 
fiil of the fact that insurance companies will often tend toward leniencv in 
settling an accident claim, particularly where it is known that the individual 's 
illness dated to the accident. Xone-the-lc.ss, in.suranee companies will not 
grant compensation unless the ca.se merits consideration. 

In order that a case of leucemia could justly be considered as one due to 
trauma and qualify for compensation, the following criteria were set up bv 
Liniger (cited by Tamida and Rosenthal) ; ^ 

1. The injured individual must have been well and feeling camble nf 
work up to the time of the aecidejit. < l 
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2. A suitably severe aeeidenl must have taken jjlaee, with fiie essential 
subjective and objective si^ns of injury. 

3. The time at which the dovelopinent of sickness starts and that of the 
accident must bear a relation, that is, there must be brid'jiii"' symiitonis. 

Olovson’s criteria are: 

!l. Good health and absence of disease-symptoms befoi-e the trauma. 

2. A free interval between the trauma and the first a|)pearance of the 
.symptoms. 

3. Leucemia of the myeloid type. 

Points 1 in both sets of criteria are essentially identical. I/inijrer’s point 
2 docs not need any elaboration. P.oth Linif^er’s point 3 ami Olovson’s point 2 
deal with the time-element between the trauma and the first manifestations of 
the di.sease. However, each one of the.se authors e.\'i)re.sses a difl’erent eoneej)- 
tion and strc.sses a different point. Itolh 1he.se i)oints merit consideration and 
can best be empha.sizcd by illustrative eases: 

IlUisirafion 1. (Ca.^c 2 of Conzetto.) A inulillo-a^cd woin.-oi .‘.■iilTori'il loi iriti’rtrm-lmn- 
leric fracture. Upon adnii.s.vioii to tlio lui.-ipital, ininiediately after tlie aceident, tier leu- 
cocyto count was 1SS,000 and the Mood .snicar .«liowcd tlie etiaraeteri.'-tic.s of elironie uiyeloid 
teueoinia. Tlio spleen wa.s decidedly enlnrired. 

Illustration S. (Case 1 of Olovson.) .V 27-ye:ir-old inale .“iin'ercd fracture of tlie let;. 
The fracture liealcd and tlie patient wa.s .seemingly in very f,'Ood liealtli for over I’O Jnontlis, 
when ho developed pain and swelliiif; at the site of the fracture. At tlii.s time Ids leucocyte 
count was 347,000 and the Mood smear was ehnraeteristie of chronic myeloid lencemla. 

Of these two illustrations, the fir.st dejficts an iiistanee whore a leueemic 
individual suffered a fracture. Olov.soii’s jfoiiit 2, etilliii},^ for ji free intervjil 
between the trauma jind the fir.st appearaneo of the leueemic symiJloms, o.n- 
cludes this case from the category of traumatic leueemias, and the ease well 
illustrates the soundness of that point. In the second illustrative ea.se ati in- 
terval of over 20 months clap.sed between tlie injury and the appearance of 
lencemic symptoms. There was a total lack of bridging symptoms. Ifiniger’s 
point 3 would tend to exclude this ca.se from llic category of li-aumatic leii- 
cemias. 

That the leucemia must be of the myeloid type in order to be considered 
as of traumatic origin (as advocated by Olovson’s point. 3) is a strongly de- 
batable question. Nearly all of Ohvson’s G5) tabulated ea.sc.s irere leueemia.s 
of the myeloid type (only 3 of the cases were lymphatic lenceinias). These 
figures, perhaps, were partly responsible for that contention. However, tins 
statistical preponderance of myeloid leueemias is le.ssened by the fact that 
out of the 7 cases not included in Olovson ’s tables, 4 wmre lymphatic leueemias 
(one case of Novikoff, one of Schau, one of Yaguda and Rosenllial, and one of 
Conzette). Discarding the statistical reason for that contention, we come to 
the more Amlid reason, namely, that if traumatic leucemia is produced by in- 
jury to long bones or to the spleen the implication would be that such injury 
upsets the myelopoietic tissue, hence leneemia of the myeloid variety only 
could result. This reasoning is lia.sed on tlie a.ssumption that lymphatic len- 
cemia has its origin in histo-biologic disturbances of the Ijmiphocytic ap])araUis, 
whereas myeloid leucemia has its origin in the myeloid tissue. While it is 
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true Ihiit this strict subdivision could he visualized in chronic Icuceinias, the 
site of the hematopoietic disturbance in acute leucemias is not as a rule so 
clearly delimited. The process of metaplasia is a common eharaeteri.stie of 
acute leucemia, and tissues n-hich are iii no way concerned Avith the function 
of hematopoiesis in postnatal life generally i-evert to their embiyonal state 
and resume such a function, producing abnormal leucocytes of every variety; 
hence the difficulty in most instances to ela.s.sify acute leucemias according to 
cell tyjms. Incidentally, an analysis of all the reported eases of traumatic 
leucemia reveals that the most authentic eases are those in Avhieh acute leu- 
cemia re.sulted from the trauma. 

The most weighty argument, however, against Olovson’s point 3 is the case 
repoi'ted by Schau: 

An JS-year-old boy wa.s liit in the left side of the abdomen, plaj-ing football. At the 
hospital, rupture of the spleen was suspected but the patient wa.s treated con.seiwativelv. 
The leucocyte count was 0,000. About 7 weeks later the patient wa.s readmitted with a 
clinical and hematologic picture of frank leucemia; the leucemia, according to the author, 
wa.s lymphatic in t'Tie. Autopsy disclo.sed an old tear in the spleen. 

According to advocated criteria, this case is an e.veellent example of 
traumatic leucemia, though it tvas not one of the myeloid variety. 

From the foregoing discussion one may deduct that the criteria advanced 
by Liniger and liy Olovson for the medicolegal evaluation of a case of trau- 
matic leucemia are logical and sound, except point 3 of Olovson in which the 
author insists that the leucemia must be of the myeloid type. 

It might be of interest to mention here that a monetary settlement Avas 
granted by the insurance company in our case. 

.SU-AOrAKV 

A rapidly progressing ease of acute leucemia is reported. The rapiditA* 
of the pi-ogre.ss of the disease A\-a.s mo.st noticeable in the blood changes 
Avhei-eas clinically the patient did not appear to be critically ill until almost 
the end. On the fifteenth day of the patient’s .stay in the hospital his con- 
dition suddenly changed for the Avorse, and after a .stormy 18 liour ])eriod he 
expired. Autopsy disclosed a massive intraperitoneal hemorrhage re.sultiu" 
from a ruptured .spleen. The sjdeen AA-as degenerated throughout. The de- 
generation Avas attributed to leucemic changes in the oz-gan. IIoAvever tAvo 
previous episodes in the patient’s hi.stoiy could haA'c accounted for some dam- 
age to his spleen : (1 ) about 11 yeai-s preA'iou.sly the patient Avas in a coa.stinu 
accident suffcilng izi.jury to the left kidney and presimiably also to the .spleeii^ 
and (2) about 8 Avccks before his death the patient fell on the paA'oznent. spi-ain- 
ing his back and “Avi-enching” his body. That the patient actually suffered 
xerious injuiy to the spleen in either of lhe.se accidents i.s only coniectui-al 
Bccau.se of the exti-eme disintegz-ation of the spleen, histologic evidence coizld 
not be i-elicd upon to pi-ovc or dispi-ove that the oi-gan had suffered iniurv in 
the past. It is conceivable that at the time of the coasting accident a tear in 
the spleen had been i)i-oduced aizd that this healed by scar formation *Fui-*ther 
izioi-e, it is conceivable lliaf dui-ing the la.sf accident the pulj) gave Acav ' i7' 

line of the old .scar and a subcap.sular hematoma Avas formed.'^leadin”" to s T 
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sequent “spontaneous” rupture. It is granted that no al)Kolute proof cxi.st.s 
that the spleen was severely injured in either of tlie Ias'o o])isode.s; yet, because 
of the fact that the history of tlie last accident was so intimately tied up with 
the patient’s last illness and because of the patient’s pensistenl complaints of ab- 
dominal pain throughout the period of the illncs.s, credence may be given to 
the A'iew that the degenerative changes in the spleen set in before the liemato- 
logic changes were noticeable. Since a number of leucemic cases are roeoi-ded 
in the literature in which trauma to the long bones or to the spleen preceded 
the leucemic changes, some authors cxprc.ss the belief that Icnecmia may bo 
precipitated by trauma in susceptible individuals. If we accept the dictum 
that there is such an entity as traumatic Icucemia. our case would fall into that 
classification, and the entire clinical behavior of the j)atient. from the day of 
the accident to the hour of tlie fatal termination, would apjiear to be in logical 
sequence. 

The question of the po.ssiblc cau.sal relationship between the trauma and 
leucemia is of interest from two angles; (1) the theoretical soundness of the 
view that leucemia could be caused by trauma, and (2) the medicolegal .side 
of the problem, i.e,, should an employer or insurer be Indd liable for the leu- 
cemia in a case where leucemia follows trauma. An attempt has been made 
in this paper to analyze both phases of the (luestion and to bring out the more 
authoritative statements and data from the literature regarding this question. 

C0XCLU.S10XS 

1. Spontaneous rupture of the spleen in a case of acute leucemia is re- 
ported. 

2. Since there was a history of an accident sutTcred by the patient about 
6 -weeks before the leucemia was e.stabli.shed, the case is also diseus.sed ns one 
of possible traumatic leucemia. 

3. The literatiu'e on the subject of traumatic leucemia is reviewed. 

4. The medicolegal criteria recommended for the acceptance of a case as 
one of traumatic leucemia are scrutinized. 
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THE EFFECT OF DIATHERMY ON BRAIN ]\IETABOEISM: CHANGES 
PRODUCED ON THE SUGAR, DACTIC ACID, AIsT) pH OF THE 
ARTERIAL AND VENOUS BLOOD OF THE BRAIN IN 
PARETIC PATIENTS 


Joseph jM. Lookey, M.D., akd Embrie J. Borkovic, M.D., Worcester, iLvss. 


I N A recent communication^ vre pointed ont that during diathermy therapy in 
our patients the oxygen A-V difference showed a fall rather than a rise as 
obtained by Himwich and his co-workei’s.- In this paper we are reporting the 
results of hj^ierthennia on the sugar, lactic acid, and pH of arterial and venous 
blood. The same procedure for obtaining blood samples was foUowed as given 
in the previous paper.^ 

The blood sugar was detennined by the method of Folin,® the lactic acid by 
the method of Edwards, ■* and the pH of the whole blood at 38° C. by tlie glass 
electrode and an electron tube potentiometer built according to the method 
of Stadie.“ All determinations except the blood sugar were made in duplicate. 
The means and standard deviations for the different variables for the three 
periods of obsenmtions are given in Table I. Each value represents the results 
obtained from Uventy-one separate experiments. 

Both the arterial and venous blood sugar levels showed a faR during the 
period in which the temperature was lising and then an increase to a higher 
level than the control reading. The decreases in sugar for both venous and 
arterial blood, as well as the subsequent increases, were statistically highly 
significant. The difference between the final and initial readings, however, was 
not significant for either the arterial or the venous blood. The difference be- 
tween arterial and venous blood sugar increased from a mean of 7.3 ms. for 
the first reading to 11.0 mg. for the final reading. This change was not statis- 
tically significant, as the P value calculated for this change is 0.32, which in- 
dicates that this change could occur by chance 32 times in everj* 100 trials. 

The lactic acid levels in both arterial and venous blood showed a slight 
decrease duiing the period of elevated temperature. Tlie decrease was "reater 
in the arterial blood, vith a fall from 14.22 to 11.07 mg., than in the venous 
blood, which decreased from 13.36 to 12.15 mg. and then rose to 12.61 mo- 
As a result of the difference in the degree of change, the final level of lactFc 
acid in venous blood became higher than that of the arterial blood. Altliourii 
these changes were not statistically significant, the trend is important when 
considered in connection with the changes which occurred in tlie o.xj-gen con 
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sumption and sugar metabolism. In our prenous paper^ it was shoivn that 
the oxygen consumed decreased as the temperature ivas maintained at the higher 
level. This would indicate that the I'ate of eomhustion in the brain did not 
increase inth the temperature. The slight increase in utilization of sugar 
could be explained, at least in pai-t, by the transformation of some of the 
sugar to lactic acid. The values of lactic acid in the arterial and venous blood 
of the brain for the firet two readings indicate the utilization of some lactic 
acid bj' the brain tissues during this period. During the last period, how- 
ever, there is a reversal, and a production of lactic acid occurs, the venous level 
being higher than the arterial level. 

The pH of the blood showed a significant lise during the period of elevated 
temperature in both venous and arterial Idood. In the arterial blood there 
was an inci’ease from 7.462 ± 0.0148 to 7.514 ± 0.0172 and then a drop to 
7.497 ± 0.0162. The difference between the fii-st and last readings was not 
statistically significant. In the venous blood the changes from the initial 
reading, 7.398 ± 0.0132 to 7.459 ± 0.0153 for the second reading and 7.465 
± 0.0152 for the final reading, were higldy significant. The %'alucs of Fisher s 
P for the differences between the readings were 0.0023 in the first case and 
0.0008 in the second. 

The change in the arterial-venous differences in the pH values was highly 
significant (P = 0.002) between the initial reading of 0.064 = 0.0072 and the 
final reading 0.037 ± 0.0051 but was not significant between the fii-st and 
second readings, "^^ith the increase in temperature the difference between 
venous and arterial blood became smaller, the greate.st change occurring be- 
tween the second and the third readings. The fall in the A-V difference be- 
tween these readings was entirely accounted for by the faU in the pH of the 
arterial blood. 

Discus-sroN 

The elevation in blood sugar Ijas been noted by prerioiLs investigators.®’ ' 
Our rc.sults agree uith those of Hench,® that the elevation is not due to blood 
concentration, for we obtained a 40 per cent increase in sugar from the lowest 
to the highest readings and only a 7.5 per cent hemoconeentration on the basis 
of the hematocrit readings, or a 14.8 per cent increase on the basis of the 
total protein levels. 

Despite this marked increase in the concentration of sugar in the cerebral 
ch-eulation, there was no inci’ease in the utilization of sugar. The slight in- 
crease in A-Y difference noted during the third period could be accounted for, 
in part, by conversion to lactic acid. These results confirm our previous 
findings' that hyperthermia resulting from diathermy thcrajiy does not in- 
crease the rate of brain metabolism. 

Our findings also lend support to the view that under certain condition.s 
the brain docs utilize lactic acid. However, when the temperature is elevated 
lactic acid is produced. This may be due to an interference with tiie dclicatclv 
balanced enzyme systems as the result ()f the increased temperature 

The alkalosis produced (.-imounting to 0.07 pH units in tiie venous blood 
and 0.03 pll units in llie arterial blood) is <lue tfi the loss of carbon dio.xide 
and is not as marked as that reportcil by Bi.schofi and cO-workei-s '■ TIks! 
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investigatoi-s foniicl increases in ])la.sina ]>TT of 0.12, O.Oi!, 0.20, and 0,04 in 
four eases. Cullen, Weir, and Cook” in a recent, ])apei- indicate pH changes of 
2.0 pH units. Tliis value is so high that it. seems likely (hat an eiTor has lieeii 
made in reporting and that, the change .should ho 0.2 jdl units. Their I'csiilts 
Averc obtained on blood taken from the arm. and llierefore conclusions as to 
changes Avhich occur in the cerebral circulation ai'e not warranted. 

In the case of one of the patients who died following treatment, the blood 
sugar showed rvide fluctuations in level hut no dirference between (he arterial 
.and venous readings, which were 211 and 211, Oo and 94, and loo and 404 mg. 
per 100 c.c. One patient, .showed a remarkable inerea.se in arterial blood sugar 
Avith the folloAving A-alucs; 98, 109, iind 290 mg. jier 100 e.e. It would aiii)ear that 
in this e.asc the continued elevation of temperature for the three-hour interval 
at 406° P. had caused a marked stimulatioji of the adrenal mechanism and a 
release of sugar from the glycogen deposits in the liver. T?i his second treat- 
ment the patient showed an clcASition from 9") to 164 mg. Another patient 
shoAved a rise from 9S to 190 mg. It is evident (hat although .slight increa.se.s 
in sugar arc fouiAd in all patient.s during periods of temperature elevation, 
A'ciy marked changes arc tlic c.vecpfion. The high mean values for sugar found 
in the control period arc due to the inelusion of two men Avilh ahnonnally 
high fasting A-alnc.s. During the period in Avhie.li active lioating of liic body 
Ava.s taking place, in fourteen of twenty-one tests the blood sugar fell. Tliis 
fall also occurred in the tAvo ea.ses that had high initial values, in the. first 
instance from 211 to 9") mg. per 100 e.e., and in the .second, from 476 to 78 
mg. per 100 c.c. This initial fall in .sugar has not. to our knowledge, been 
rcpoidod before. 

Tabck II 

CoEiTiciKNT.s .\Ki) Pnoii.Uiii.nic.s Koi: (’(i]aaa,.vr)O.Ns 

BCTWEE.V TE.Mra!ATUr.F. ANI> lNI>mi>UAI. A^\!!IAI!1.^;.S 


CHANGE IN TEMPEKATUin: VB. 

NO. or 
r.EADiNns 

n 

1 * 

Cliange in venous blood sug.ar 

:is 

0.71 S7 

< .01 

Change in arterial blood .sugar 

.S7 

0.5.S7I 

< .01 

Cliange in total protein 

r.s 

-n.ir. 2 s 


Change in blood hematocrit 

oo 

-0.0070 


Change in specific gravity 

o7 

-0.24.57 


Change in venous lactic acid 

;{s 

-o.iiAir. 


Change in arterial lactic acid 

as 

-0.1310 


Cliange in venous pll 


0.5100 

< .01 

Cliange in arterial pll 

.SG 

0.4725 

< .01 


The correlations between cliangc in tcm])oratnre and the otlier vari.ablos 
are shonm in Table II. It aaoU be noted that only llioso between temperature 
and sugar and temperature and pH can bo considered significant. Contraiy 
to expectation, the correlations for total protein, blood liematoci-it, and specific 
graAnty are Amxy Ioav. Incidentally, the correlation Ixctwecn specific graAoty 
and total protein is also Ioav, as pointed out in a paper published recently.^” 

SUMMARY 

The changes produced in cci'ebral blood sugar, lactic acid, and pH ly 
elevation of temperature through diathci-my in tAvelve patients receiving dia- 
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Ihermy treatments are gi%*cn. There Avas a slight hut not significant increase 
in sugar utilization and a significant increase in pH. The lactic acid A-Y 
difference becomes revei-sed so that during the period of continued temperatiu’e 
elevation, lactic acid is produced. This Avould explain, in part, the slight in- 
crease in the A-Y difference for blood sugar. The findings confirm thase prert- 
ously repoi-ted, that there is no increase in brain metabolism during diathermy. 
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CIEEHOSIS OF THE LIYEE : THE LBPOTROPIC ACTION OF 
PAEENTEEALLY ADHINISTEEED AMINO ACIDS 


I. Donald Fagin,® M.D., JIeiatlle Sahtun,! Ph.D., and Ralph W. Pagel * M.D. 

Detroit, SIich. 


TN A recent publication' an investigation of the passible therapeutic effects of 
intravenously administered amino acidsi in five patients with eiiThosis of 
the liver was reported. Briefly, the results were (1) subjective improvement of 
great or moderate degree in four of the five patients during the one month 
period when the amino acids were used; (2) shrinkage in size of the liver and 
spleen in all patients in whom these organs wei’c enlarged; (.3) disappearance 
of pei-ipheral edema; (4) indications of improvement in hepatic function 
as gauged by hippuric acid svmthesis and glucose tolerance tests in aU cases and 
improvement in bromsulfalein excretion in one case. On the basis of published 
experim ental data it was pastulated that the decrease in size of the liver was 
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due 1o llic rcsori)lion of j’:il lliroufih the lipolropie aetion of llie niiiino aeids. 
TJic dccrca.se in .s])Ieiiie size was interpreled as result iii}r i'i'oin a deconfresl ion 
secondary to improved ])orlal cireiilalion. 

This report presents data derived from analyses for total ]ii)id and total 
nitrogen content of the livers of three groups of jiatients: (1) those who died 
with ciri’hosis of the liver hut received amino acid therapy; (2) ])alients who 
died with cirrhosis of the liver who did not, receive amino acid therajjy; and 
(3) patients who died from other causes without cirrhosis of the liver. The 
value of this .study ari.scs through an opporliinity to comimre data collected 
from the chemical study of liumnn livers with those i)uhlished from similar 
studies in experimental animals. 

Of the five patients who received luirenleral amino acid.s, three (ft. 1?.. 
A. G., and P. evidenced sufTieionl clinical improvement to warrant dis- 

charge from the hos])ital. The remaining two ))atienl.s ( .1. H. and G. B.*) 
maintained a clinical plateau for two and one-half and three and one-half 
months, respectively, following the month of amino acid administration, then 
entered a rapid and progressive downhill cour.se and died in the hos|>ilal. All 
five patients exhibited a very .slight increase in liver size when the administration 
of amino acids was discontinued; however, in no ease did the liver return to 
its original degree of enlargement, presumahly hecause the patients were 
maintained on an adequate diet. 

To the patients studied and reported, we have added E. C,, a ]>atient with 
chronic alcoholism and advanced “decompen.sated” cin-hosis of the liver, who 
died two months after having I'cceivcd amino acids. Autoi>sies were iierformed 
on the patients who died in the hosi>ilal (0. B., J. B., and E. C.), and the 
livers grossly and mieroscoiiically e.xhihited the characteristic i)alhologic fea- 
ture.s of poi’tal cirrhosis of the Laennec or “alcoholic” tyi)e. All three j)atients 
had a background of chronic alcoholi.sm. 

AIATKKrAL AXI) MKTllOD 

Formalin-fixed specimens of liver obtained at autop.sy from three groups of 
patients were analyzed for total fat and total nitrogen content; the duration 
of formalin fixation of the specimens varied from a few days to eighteen 
months. 

Group I con.si.stcd of the three jiatienls dc.scribed above who had cirrhosis 
of the liver and chronic alcoholi.sm and received parenteral amino acids for 
three weeks (E. C.) or one month (J. R. and G. B.) during their course. 

Group II consisted of patients who had ciia-hosis of the liver and chronic 
alcoholism but had not received amino acids. AVe rcineived our autop.sy protocols 
for the eighteen-month period prior to this study and found four such cases. 
No eases with cirrhosis of the liver and chronic alcoholism other than the 
seven included in Group I and II came to autopsy during this eighteen-month 
period. 

Group III consisted of ten patients who were unselccted except that none 
presented post-mortem c^’idenee of primary liver disease; this group sei-ved as 
a control. 

Abstracts of t!>e clinical lecords of tliosc patients may be found in Refeiencc 1. 
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TIk' livi-r si'icinn'ii'i. lucsci vt <1 iti -1 jicr fonniilflcliyrlc, from llicsi- 

thiTi' unmjis of patii'iits wt-rc uu!il\/.<'il liv (lie liiociu'iiiist for total liver fat aiul 
total liv«>r nitro'^eii. 'I'liesr sjK'cimeiis were identified to the hioehemi.st by 
number only. (!lyeo'.itn determinations wen- not done. The anal.v.ses for fat 
were ])erformed, witli minoi' modiliealion.'i, by the chloroform exti-aetion method 
U'.eil by t’hannon. IMalt. and Smith.- 

The effeel of formalin fixation on liver lipids was investioated by llalliday," 
who found that. althou"h total soli«ls and total cholesterol content v.’ere not 
siiruilii’anll.v affeeted by tre.atment with formalin, the total bitty acid content 
decreased. The decrease was onl.v sliirht dui'iuir the fii-st three months of ffirmalin 
fixation but was considerable after lonirer periods, jirobably because of auto- 
oxidatiou. Weil.* worhimj: with nervous tissue, found that jihosjihat ides were 
iiydrolyzed after formalin treatment, but cholesterol anrl iralaetolijiids were not 
ap]>reeiably ('hanueil. In view of these obsm-vations. lipoid jiariition rletei-mina- 
lioiis of our fixed specimens were considerei] inadvisable. We have found that 
specimens hejit in formalin at room temjierature slmw low<>r fat content than 
specimens from the same liver hejit. in the refri'reralor. jirobably becau.sc of 
chanire.s in the ju-operties of certain ]>liospholij>ids which either tend to diffii.se 
into the formaldehyde or. upon treatnumt with fonnaldehyde. become le.ss 
soluble in fat solvents such as chloroform. It must bo emphasized that the 
analyses made on formalin-fixed liver tissues do not retiresent accurately the 
eoneent rat ions of fat in the fresh tissues but must be considered merely as 
reflections of the fresh tissue values. Each fat anal.v.sis was done in cluiilieatc, 
and the difference.s between the duplicate determinations varied from 0 to 0.14 
fim. ])er 100 (!m. of ti.ssuc. averatrinir 0,09 f !m. jier 100 f!m. of ti.ssue. 


ni;.si;i,TS 


The results of the analyses of the livci-s of the jiatients in Grouj) I are 
lu-esonted in Table I. The averatm total fat content of the.se livci-s from patients 
with chronic alcoholism and cirrhosis who had received amino acids was 2.1 G 
Gm. jier 100 (tm. of tissue, and the avcra"e total liver protein {calculated from 
the total nitrofreii) was 19.0 (I'm. per 100 f!m. The liver weight averaired 1.G07 
Gm. 

In Group II, consist in': of patients who had had chronic alcoholism and 
cin-hosis of the liver but had not received amino acids, the total fat content of 
the liver specimens averafied 22.06 Gm. per 100 Gm. of ti.ssue and the total 
protein content averaged 13.1 Gm. per 100 Gm. The range for total fat was 

T.\ei,e 1 


P.\TiENT.s With (.'niimosi.s or the Livei: .\x-ii Chko.vic Ai.coholi.s.m Tiuxsteh With 

Acids* 


PATIEN'T 

UVEI: WEIGHT 

i («M.) 

TOTAL HVTJl 
LIPIDS Git. 
pn: 100 GM. 

OF TISSUE 

TOT.M. I.IVEI: 
X'lTKOfJEN' GSr. 
pri: 100 Git. 
or TISSEE 

tot.il javer 
pr.OTEix' Gir. 

Pn: 100 Gif. 
or TIS.SEE 

.1. R. 

A. B. 

B. C. 

1 

Average 

1,400 

1 2,300 

1,000 

1 1,007 

2.13 

1.89 

2.45 

2.10 

2.95 

.3.09 

.3.09 

.3.04 

iST 

19.3 

19.3 

19-0 ~ 


xiiu Jivci' weiHiit. 

were detoi'mined on fo 
nitrogen dotermination. 


irom the total 
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from 2.23 to 35.()0 Gm. per 300 Gni. aiul for total j)rok!in, from 3.2 to 39.0 Gin. 
per 100 Gm. Tlie avcraf^e liver weijrlit wa.s 2,738 Gm. O’lie imiividiial 
analyses are presented in Table 31. {Ibilli and her collaborators,'’''’' an- 
alyzing frc.sli liver speeimen.s, found that Ibc average total lipid content 
of livers from twenty-five i)atienl..s with a history of ehroiiic alcoliolisni 
(including eight patient.s with evidcneo.s of early or advanecrl ein-hosis) was 
12.2 Gm. per 100 Gm. of ti.ssne, with a range of from 2.0 to 34.8 Gm. per 
100 Gm. The average liver weight of their group was 2,020 Gm. The eight 
patients in her group with cirrhosis of various stage.s and alcoholic histories had 
an average total liver lipid of 13.0 Gm. per 300 fim. (with a range of 2.00 to 
34.8 Gm. per 100 Gm.), and an average liver weiglit of 2.b1!) Gm.] 

T.Mu.r. 11 


P.vnrsTs tVrru Cnir.no.sis or Tin; Iavit. aki* (.’iiuosjo Ai.c’oooi.ism tVno Pin Xot Kr.envr. 

.•\MISO -\C 1 D.S 


PATIKKT 

UVKK WKIOIIT 
(OMO 

TOTAI. MVl;C. 

i.iriD.s c.\r. 
ria: 100 CM. 
or Tissue 

TOTAi, i.ivn: 
.viTiiocr.v c.M. 

ITJ; 100 c.M. 
or Tissri; 

TOTAI, i.ivrr. 
raoTKiN' c.M. 

ria; 100 gm. 
or Tis.sri; 



*» <»•,* 

:;.oi 

10.0 


3,i).-)0 

::5.o,i 

0.1 s.-, 

•> t) 


a, 00(1 

:>2.08 

l.Oli 

12.2 

HEKssHi 

1,050 

17.11 

2.00 

IR.l 

Average 

g,7as 

22.00 

2.000 

la.i 


T.nn.F. m 


P.vriKKT.s Without I’la.MAuy Diskask or tiu; Pivr.n 


rATir.NT 

m.MiNOsis 

I.1VIT, 

Wr.IOHT 

(CM.) 

TOTAI, 

i.ivrn 

larins 

CM. na: 
100 CM. 

OP TISSVK 

TOTAI. 

i.ivia; 

NITCOOKS- 

CM. ria: 
100 CM. 

OP Tissrr 

TOTAI. 
Mvn: 
I’KOTKIN* 
CM. PKi: 
1(»0 CM. 
or TISSTT. 

K. I. 

Hypertensive licnrt disease 

2,.50G 

i.sa 

2.52 

15.7 

F. A. P. 

Prostatic liyportropliy and 


1.07 




pyelitis 





A. G. D. 

Hyperten.siTo licart di.scasc, 

2,000 

1.70 




pulmonary infarction 





F. B. 

Aortic stenosis 

1,700 




R. B. 

Nephrosclerosis 

2,oo:> 

a.ii 



J. B. B. 

Pulmonary tulioreidosis 

1.000 

2.07 

•• *»*> 

20.1 

C. C. 

Nephrosclerosis 

2,100 

xin 



C. C. 

Lung abscess 

L.ion 

2..11 



W. V. 

Carcinoma of colon 

i.«r,o 

:’..r,7 



T. 

Myocardial infarction 

2,250 

i.o:: 

.■i..ai 

20,8 

Average | 

1, 8.5.5 

a.oi 

.'I.o;! 

1S.8 


In Group HI, consisting of patients dying of causes not related to primary 
disease 'of the liver, the total fat content of the liver specimens averaged 3.01 
Gm. per 100 Gm., with a range of 1.70 to 4.33 Gm. per 100 6m. The total jiro- 
tein (determined in only three instances) averaged 18.8 Gin. per 100 Gm. 
The liver weight averaged 1,855 Gm. [ Kalli and co-woi’kcrs'^ found that fresh 
livers from normal individuals wlio died of accidental injuries averaged a total 
lipid content of 4.98 Gm. per 100 Gm. of liver (with a range of 2.42 to 
8 41 Gm.) and the liver weight averaged, 1,430 Gm.] The rather high average 
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livor wi’iiilit of our ]';ili('n1s in uroup is (hit; (o llic. furl lliat. in srvi'ral 
palii'iils rlii'onii’ I'assivr ('(snnrst ion of liir liver soef))ulary |o circnlalory in- 
suftii-ieney wa*- i>n''eni. The imliviiinal anaiy.ses are ]n-e.srnte(i in Table III. 

l-Aaniinalion of slitles ]>re]iaro(l from the livci's nnalyzial revealed a rallier 
close eorrelalion hetwei-n tlu' extent of fatly infiltration eviilenl mieroseopieally 
and the amount of fat detei-mined hy analy.si.s. 

ni.scu.ssinN' 

Ailmitteilly. the nnmher of eases is small and of little, statistical siirnifieaneo. 
However, availahh' tlata juvseiit very few studies of this eharaeter. Our com- 
ments hert' will eoneern tlu'm.selves wholly with the tyise of cirrhosis described 
by (’onnor as "fatty eirrho.sis.' '' The i)atients in Oroui>s 1 and IT an; c.xamples 
of this type of eirriiosis. as dislinirnished from toxic, biliary, syiibilitic, and 
pi'jauont cirrhosis. 

From the data presented, two inferences arc ]iormissiblc : 

(1) The iiereentaire of liver in-otcin in frcncral varic.s invci-scly with the 
poreentaixe of liver fat. Any discrepancies may be accounted for by changc.s 
in the glycogen content. It mn.st be remembered that at Ica.st a jiart of the 
apjiarent increase in hejeitic protein may bo relative rather than actual, since 
the decrease in fat content would of it.sclf result, in an increased percentage 
of protein. The jn’otectivo action of protein stores in the liver and body against 
hcpatotoxic aecnts has been domonstnited in the experimental animal by 
Miller and Whipple.' and our anal.vses are sugge.stivc confirmation of the same 
mechanism in man. 

(2) The administration of the amino acid mixture to patients with 
cirrhosis of the liver and chronic alcoholism apparently re.sulted in a decrease 
in percentage of hepatic fat and a concomitant increase in percentage of hepatic 
protein. Of course, tiic ideal method of proof that the ehanges in liver fat and 
protein are a direct result of the action of the amino acids would be the 
determination of fat and protein content of liver biopsy specimens before and 
after the administration of amino acids; however, this procedure was not feasible 
in the patients we studied. The fact that all the patients in Groups I and II 
were chronically addicted to alcohol renders them a fairly homogeneous group 
and reduces the number of variable factors, as also does the determination of 
average values. It will be seen that, in Group II, the liver of only one patient 
(•I. L.) exhibited fat and protein percentages and liver weight within the 
control range and within the I’ange of specimens from patients treated with 
amino acids. Connor' states that in patients xvho have used alcohol excessively 
over a long period of time but have maintained a fairly good diet, fat may or 
may not be present and the liver is likely to be reduced in size. 

The significance of fatty infiltration of the liver as a precursor of cirrhosis 
has been stressed recently."’ ” In experimental animals, fattj^ livers have been 
produced by high fat diets, cystine, staiwation, cholesterol, and toxic ao-ents 
such as alcohol, phlorizin, chloroform, carbon tetrachloride, phenylhydr^ine 
and phosphorus.^®’ “ In clinical medicine, fatty livers may develop in chronic 
alcoholism, diabetes, mellitus, pernicious anemia, poisonings with the chemicals 
mentioned above, yellow fever, eclampsia, acute yellow atrophy, marked ohesit 
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certain endocrine disordei's. and le.sioJis of (li<! pituitary or inidiirain. I'’a1ly 
infiltration of llie liver may lead to inferlVrenee with tissue metaholisin. witii 
rosnlfanl deffenoration of liver eells and rejdaeeiiiejif by jferilobnlar /iln-oiis tis- 
sue. It is readily seen that any aM:ent wiiieli woidd decrease llie rate of fleposi- 
tion of liver fat and accelerate its r<‘iiioval (i.e., a lijxitroiiie a^eiit''-} misrlil 
prevent tlic development of cirrhosis in fatly livers and would lie of vast clinical 
sig’nifieanee. IJeeont theories of the j)alhoH:enesis of hepatic eirrliosis have been 
reviewed by Jollifi'e and .lellineic,’^ and they express the belief that the investi- 
smtions of Connor and his associates in the relationship between fatly liver and 
cirrhosis are amoiifr the most iini>orlan( advanee.s. 

The exjierimental baekfrround of lipotropic activity of raw pancreas, 
lecithin, choline, proteins, methionine, betaine, and const it iieiits of vitamin H 
complex has recently been reviewed.'- It has been shown that choline, methio- 
nine, and betaine are similar physiolotrically in iheii- !ipotroi)ie activity and are 
similar chemically in that all po.ssc.ss labile melliyl p-roiiiis.'' The lability <if the 
methyl group and its potentiality for j«irli<-ipat ing in Iransmefhylalion reactions 
may be the determining factor in the lipolrojne activity of these suhstanc(‘s and 
may be imimrtant in detoxification proce.sscs in the bocly. Lowry and eo-worlcei's''' 
reported that the administration of choline or a high casein diet to rats with 
experimental dietary cirrhosis resulted in regeneration of liver eells, di.sai)pear- 
anec of degenerative fatty ehange.s, and decrca.se in liver size. Daft, .‘sehrell. 
and Ijillie"' demonstrated that cirrhosis of the livci- could be pnnutrd by the 
administration of methionine or choline or ea.sein, singly o)‘ in combination, to 
rats receiving low protein rations and aleohol. The jnethionine content of 
casein is 3 per cent.'" and it has hecn shown that methionine may supply 
methyl groups, foi' the formation of choline or an active compound derived from 
choline,"* and that the administration of methionine accelerates the rate of phos- 
pholipid turnover in the liver."’ Kecoguizing that results iii experimental ani- 
mals are not directly applicable to the inlcr])re1a1ion of metaholie cl)ange.s in 
human beings, we believe, ncvertliele.ss, that the liputroj>ie activity of the amino 
acids admini.slercd in onr .study i>robably was due to the methioiiiue content of 
the amino acid mixture, which was proi)ared l)y hydrolyzing ea.sein, and con- 
tains amino acids in llie same proportion as they are found in casein. The 
lipotropic activity of clioline has l)ccn demonstrated conclusively,"- and 

the good rcsidts rcpoidcd by Broun and Mucthcr,^' in treating patients with 
liepatic cirrhosis with choline and a low fat diet, may, in part, he due to the 
lipotropisra of choline. 

Good results have been reported in treating cirrhosis of the liver with a 
high carbohydrate, high protein, low fat diet, with vitamin .supplements,-'-- =•' 
and it remains to be seen whether liie {wognosis can he iiifluenccd .v/ff/ more 
favorably by the additional n.se of choline, methionine, or amino acid mixtures. 

.SUMJIARY 

1. Liver specimens (preseiwed in foi-raalin) from patients with cirrhosis of 
the liver and chronic alcoholism Avere analyzed for their total lipid and total 
nitroo-eu content. It Avas found that spccimcms from patients avIio had received 
amino acids as part of their therapy contained a gre-.iici- perccutage of i)rotein 


I'AiilN' I;T U,. : or Till; MVI It 


'193 


.•nil] .•! Irs.''»T ]u'i<Tii);i”<> (if fill th;m spcriiiu'iis rntiii paticiils wlui li:n] iiol rr- 
rcivi'd iuniiiti 

2. It is jtoslulatcii that llicsc iTsiills imlicatc a lipotropic activity of tlx; 
amino aciil mixlnn-. jnohaiily ilnc primarily to llicir methionine content. 

3. 'rile pcvi'intaucs of liver fat ami of liver jirotein were found to vary 
invei-sely. 

•1. The clinical siL'iiiticancc of these timlinu.s is hriefly discussed. 
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LABORATORY METHODS 


CjENERAL 


A SIMPLE JIETJIOl) KOK THE SEP.MJATIOX <.)F ]H/>OI) SERIAP 


Ijka Stkkvks. E.A., M.l).. JIoNTintAi-, Can. 


T il]'] lollo^viii" inotliotl liiis I)c<'n I’ohikI 1o iic .siiii])I(‘ jiiid 1 iinc-s.-ivintr in tin* 
preparation of arsijhenaminizcd .seniiii for intra.spiiial therapy. The jirineiiile 
is adapted from eommerei;d plasma separation and transfusion sets and can 
be used for several tyjms of eell serum or eell ])lnsma se])aration. 



As shown in Pig. 1, two large test tubes (//) of about 100 c.e. capacity 
are provided for reception, one of initial blood, the other of final serum or 
plasma. Pour 50 c.e. centrifuge tubes (P) arc fitted with tight cork stoppers 


•■n'rnm the Department of Neurology and Neurosurgeiy, McGill University, and tlje 

lontreal Neurological Institute, Montreal. 

Received for publication, July 2, 1942. 

Miss Doris Brophy suggested the pipettes and prei)ared Fig. 1. 
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{/)'),* lliri)iii:li ('.'iclt III' wliicli hv(t IiIihhI iicrdlcs ( IC ) ;ir<‘ iiiscrtt'd. Tin? 

liubs »tf tlu' nof’dlt's juc in l!ic cork, niid oin'di;df ;ni iindi is cut 

o)T tiic top of till' edit ri fiiL'c tulu' in order tlial Ike asscinl)ly may s})in freedy 
in the ordinary laboratory ccntrifupc. A plass nda))tor (C), as coinnundy 
used in intravenous sets, is j)rovided for each needl(!. and to eaeii nda])tor a 
siiort lenptk t>f rubber tui)in[: {li) is attached. A ^iass i)ipetlc (-1) Avitli ap- 
proximately 18-i:au!.'e bore at the 1' lip is ju-ovided for each centrifutre tube. 
Laboratory vacuum t.aps td) ]>rovidc the neeess.'iry suction. 

The entire ai)paratus (•an be neatly ]>aeked for sterilix.ino, wrapped under 
one cover, in the followint: units: (1) initial and final recejition tubes: (2) 
eentrifupo tubes with corks and needles inserted; {‘.V) adaptors, tubiiifr, and 
pipettes: t-t) adaptors and tuhinn for connection to unstcrile vacuum tap. 

Assembly can be carried out by one unsilovcd operator without eontami- 
nalion. Serum or ])Iasma can he seimratcd with very little waste iiecause of 
the U jiipette which reduces upward currents from the cell fluid interface. By 
removini: the ada])lors. unit two can be ccntrifu"cd uneontaminated to remove 
residual blood cells. Tiiis lu-oeeduro can be repeated a.s de.sircd with Io.ss of 
only a very few cubic centimeters of fluid upon each pipetting:. In the case of 
arsphenamiru/.ed serum. Fordyce. as (juoted by Moore,’ centrifuges twice. 

.SL’.M.M.\KY 

A simple, semielosed apparatus for rapid separation of cell serum or cell 
plasma preparations is described. It can be readily assembled from laboratory 
materials and can he used by one person unaided without danger of con- 
tamination, 
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A QUADRUPLE STAINING METHOD FOR TISSUES! 


S. S. Kaltek, Lawrence, Ivan. 


R ecent advances in staining procedures .show a definite trend toward the 
employment of various differential staining methods for the study of nor- 
mal as well as pathologic tissues. The evolution of staining techniques need 
not be discussed here, as the interested student need only to turn to a mono- 
graph by Conn’ for further information. 

The foundation for this quadruple stain Avas Flemming’s triple stain (1891) 
which appears to be the basis for various other multiple staining methods. It 
seems, however, for obvious reasons, that histologists and pathologists, in the 

‘Tapered nibber stoppers give a more air-tight at but must be renened after ♦ 

twenty autoclavings. aicer fifteen to 

tFrom the Department of Bacteriology, University of Kansas. 
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iiKiiii. rcslrii'f lissiio st:iiiiiiiy: to licmatoxylin-cosiii. M'illi .Mallory's- con- 

neclivo lissui' stain briiifi ('ni]>loyc(! wlu’ii a tiiu'lorial difrcrcntiatioii wiis ivanled. 
The botanists, on the other hand, basin'; their procedures on Flen)minf;’s stain, 
as did Conaiif’' and doliansen.^ invesli^niled the ajjplieability of more complex 
proecdures for the study of mitosis as well as differentiation of botanical tissues. 

Dratman,-' folloudne: Conant’s work, proceeded to infrodiiee this leehni(|H<' 
for the study of animal tissue. The work herein described is, thcrctore, a 
continuation of Die work of Dratman. This techniijue is e.ssentialh' that of 
Di-atman, wjtli modifications made to insure more constant results and to brim; 
out sharper difi'erentiatioii of the cellular clemenl.s. 

.Mini ion 

Ti.ssues are fi.xed and dehydrated by any preferred method. ^Vo have 
;;iven preference to llouin’s ti.xative. as it was demoiistrateil by Itaird,’’ to pro- 
duce a niiniimnn amount of shrinkay:e and distortion in the eelbdar elcment.s, 
M'ith uniform results and delicacy of fixation. In usin'; lloiiin's .solution, the 
picric acid must be removed by usin;; a few drojis of lithium carbonate in the 
70 per cent alcohol <leh.vdration series. In the use of Zenker’s fixative the 
mercuric chloride must be removed. 

The ti.ssues. after hein.ir embedded in paraffin, irive the best stainiiif; re.suits 
when sectioned at 7.a miera. In affixiim^ the ti.ssues to slides, tlie loss of ti.ssues 
is iie{;ligible if the .slides are thorou<;bly drieil in an inenbator at 07*^ C. over- 
ni''ht. The use of aifnimiii water eau.ses a cloiidiiie.ss to ajijiear in the .stainin.!r 
reaction. 

Of iilmo.st impoi'taiiee is Die preparation of the dyes. Tlie d.ve .solutions 
prepared as follows, have been found to 'rive the best results: 

1. Safraiiiu O:*’ 0.2 <!m. of safraiiiii <) in 100 e.e. of ">0 per eciit ethyl 

aleoliol plus 4 e.e. of formalin to act as a mordant and 0.5 Om. of sodium 
acetate to aecentuate tlie color. 

2. Oenlian violet (crystal violet):! 0.,5titii. in 100 e.e. water. 

3. Fast 'rreen b'C'!-';!; A saturated clove nil sohilioii is made u.mng 0.5 Dm. 
of the d.ve in 80 e.e. of Die oil. 'I'he <lye is left in Die elove oil twenty-four hours 
with occasional shakin<i. then filtered thrmi};]! cotton. To 40 c.c. of Ibis .solu- 
tion is added 30 e.e. of orniifre 1 1. 

4. Orange II :§ Saturate elove oil with 0.5 Dni. of the dye and allow to 
stand t\venty-four hours with oecasioual shaking and filter through cotton. 

The staining procedure is as follows: (1) .Slides run down to tap water; 
(2) stained in .safranin O, 24 hours; (3) lap 'ivater wa.sli ; (4) gentian violet, 
1 to 2 minutes; (5) tap water iva.sh ; (6) .50 per cent ethyl alcohol, 2 miinite.s: (7) 
95 per cent ethyl alcohol, 2 miiiute.s; (8) fast green-orange II — different into nn- 
dev the microscope after 5 ininutc.s; (9) pure clove oil for 10 minnle.s; (10) jnire 

orange II diffeventiate under the mieroscopo after 15 minutes; (11) xylol 

(two changes), 10 minutes each. 

Tijenrs' Hell Chemical Co.. VS-S ; X’.'ilion.il Aniline and Clioniicnl Co., Cci tincation Ko. 

. flSt; National Aniline and Chemical Co., Certinciitlon No. NC-IS. 

tNational ‘Aniline and Chemical Co., Certine.ation No. NGF-t. 

JjColeman anti Bell Co, 



KAi;n;i!: (ir.vDin-i’i.K staininc mitik)!) ron tissi^ks n.')7 

In stops S .'iml 1(1 tlio time oxprossod is a niininunn duo to various faotors 
suoli as lliiokuoss of tlio lissuos and oollular aotivity. Tlie tissues are dirfor- 
outiatod uuiler the uiioroscopo iu sto]) <S and are rouiovod as soon as tlio oou- 
nootivo tissuo is <:roou. l-'urtlior differoutiatiou takes place iu the pure clove 
oil as well as iu the oraupo 11 ; tlioroforo. eloariuy iu the pure clove oil for leu 
iniuutos is ossoutial. 

UKSI'UTS 

Nuclei stain rod. with the mielooli staiuiu'r purple oi- a Iirifrht purple-red. 
M’hiio the uuoloar uiouihrauo stains a dark rod. The eoilular cytoplasm .stains 
from pink to rod. with a marked exception heinp: noted in the medulla of the 
kidney. Here the cytoplasm of the colls makintr up the doscendinfr and ascend- 
iiifr limhs of llonlo’s looj) slain liirht frreon. The connective tissue stains irrecn. 
while lai-fro ola.stie rdiors or areas where elastic tis.suc predominates are .sharply 
differentiated in yellow. The fibroblasts are <rreon with purple nuclei. iMus- 
eular tissue u.sually .stains a liedit tan, with the striations as dark hands. lied 
blood cells arc oranue. The polymorphonuclears have purple nuclei. 


DISCUSSION' 

This method, althou*:!! it is a differential connective ti.ssue stain, cannot 
he compared with ^lallory’s. The time element as well as the strikinjr con- 
nective ti.s.sue (lifferentiation obtained by Mallory’s stain makes it one of the 
most outstanding differential techniques now employed. 

On the other hand, the main feature obtained by this quadruple .stain is 
the benefits obtained by students of hi.stolofty. Because of the lightness of the 
colors, the various elements of the tissues are not ma.sked. The tissues can then 
he studied from the structural aspects as well as by the differential .stainimr. 
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SURFACE OROWTir OF CI.OSTRIDIUM WELCIIII 


Edwaiid Steixi'IKM), M.l)., and MAiwJAiu-n' Wateox, Piin.ADEtA’niA, Pa. 


D ue 1o the recent invest i?ation.s of Klipler and Cusrfrenlieiind ^^*^®** 

demonstrated tliat the detcrminiiifr factor in anaerolnosis i.s tlie reduction 
potential of the medium rather than other faetoi-s. In llieir e.xpcriments they 
foimd that giwvth of Closiridivm iirlcJn'i ocenrred in tuhe.s with over .05 per cent 
of normal oxygen tension, ])rovided an adofiiiate amount of ascorbic acid was 
present. The reduction potential at which growtli occurred was about -0.125 
volt. These observations supplemented earlier reports of Ijcppcr and l^Iartin" 
who found by potentiometer and indicator methods tliat the Eh of freshly 
prepared cooked meat mediums was of the order of -0.174 volt to -0.2 volt, 
1 or 2 cm. from the surface. Since cooked moat medium with a petrolatum seal 
is uniforml}' satisfactory in the cultivation of CL irclchii and similar anaerobes, 
it is obvious that the reduction polenti.nl can be taken as a measure of the avail- 
ability of an anaerobic method regardless of the hypothetical explanation of its 
meehanism. AVc have had occasion to verify the statements of Lepper and 
^lartiu and have obtained similar readings of the Eh of sealed cooked meat 
medium tubes by indicator methods. 

The practical implication of the work of Kligler and Guggenheim is in the 
possibility of surface gi'owlh of CL nrlchii and similar anaerobes which are 
important, particulai-ly in gas gangrene. Among the various methods which 
make this possible are the Spray anaerobic disli and the Brewer anaerobic jar. 
The latter is particularly valuable in tlie cultivation of obligate anaerobes. The 
possibility of using stock equipment and material lias led us to improvise upon 
the observations of Kligler and Guggenheim witli the use of the ordinary Petri 
dish. 

The method is as follows: 


Test tubes containing 12 to 15 c.c. of plain agar arc heated to melting iioint 
and allowed to cool slowly as in the usual prcpai-ation for blood agar plates. 
Sterile defibrinated blood® is added and immediately thereafter 50 mg. of the 
sodium salt of ascorbic acid. The latter can be obtained commercially in the 
form of one cubic centimeter ampules, each containing 100 mg. of sodium 
ascorbate in solution. These may be diluted with equal volumes of noi-mal saline 
solution and the appropriate amount added to the blood agar tube. TJic treated 
blood agar is poured into sterile Petri dishes and allowed to solidify. Within 
one-half to one hour the plate darkens due to the reduction of hemoglobin. 
Circular seals of cellophane slightly smaller than tlie inner compartment of tlie 
Petri dish are cut out, immei’sed in 70 per cent alcohol for several minutes, and 


^ IVom the Laboratory of tlie Jewish Hospital, aided by a ffrant from the Sidney A. Aloe 
Research Fund. 

Received for publication, July t, 1J42. 

• Worse blood is preferable in deinonstratinp ciear-cut beta hemolysis by Ol. loelchii, but 
sheep “ human blood may be used for convenience. 
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dried l)ct\vooii luyc'rs of sterile filter iiaper. They may be kept in several such 
layei's Avitliin sterile Petri dishes. Autoclave sterilization is Ic.ss desirable since 
it tends to wrinkle the eelloithane. \Vc have found the product commercially 
labeled “No. 300 moisture jiroof’ (piitc .satisfactory. After streaking cultures 
or material i)resumably containing Cl. wclchii over the surface of the treated 
blood agar, a eellopbane seal liandled with a llamcd forceps is gently placed 
over the agar surface and rolled smoothly against it with a bit of sterile gla.ss 
tubing threaded iijion a wire. By this means the oxygen tension is kept to a 
minimum; the ])late can he examined by transmitted light and handled in any 
position. Sidieulturcs can easily be made by lifting the edge of the cellophane 
cover with forcejis without undue distortion of the surface. Hemolysis can be 
.iudged, though not (piite so sharply as in the n.sual blood agar plate because 
of the reduced licmoglobin. It is cpiitc possible to obtain somewhat similar 
re.sults with stored blood agar plates by applying the same amounts of sodium 
ascorbate to the surface of the plate and carrying the material along Avith the 
platinum loop or sterile swab during streaking. In such preparations it is pos- 
sible to note the areas where the i-educing action is lacking AA-ith consequent 
absence of groAvth. The method in general has so far been applied to strains 
groAving under laboratory conditions. HoAvever, since these cultures fail to 
groAV by ordinary aerobic methods, it can be assumed that their anaerobic 
properties are still maintained. In order to A'erify the sealing effeet of the cello- 
phane, agar plates containing the sodium ascorbate and an indicator such as 
2, 6-dibromophenolindophcnol AA-ere set up and kept at room temperature. All 
plates shoAved decolorization of the dye, but controls AA-ithout cellophane grad- 
ually exhibited oxidation from the surface doAA-mvard; those AAith cellophane re- 
mained decolorized for from seven to ten days. Although this indicator does not 
register the optimum Eh AA'hich can be obtained, it is useful in this particular 
obserA'ation because of its clearcut readings. 

There are certain disadvantages to the method. So far it has been found 
difficult to apply to the sugar mediums and for the culture of CL tetani. A 
moisture film may make single colony isolation difficult. The expenditure for 
the sodium ascorbate would haA’e to be considered in large 'scale observations 
It may be adA’isable to adapt this method, if possible, to the use of such reducino- 
mediums as eysteine hydrochloride or sodium thioglycollate. These have re- 
cently been reA-iewed and amplified by Brewer.^ Spray^ has also mentioned the 
use of flat sheets of cellulose over deep agar plates. Although these approaches 
to surface culture are no doubt being investigated, we feel that this brief de- 
scription may induce trial and improvement of such methods. A similar tech- 
nique may prove useful in some exigencies of time and material or wliere the use 
of hydrogen jars is undesirable. 
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ADAPTATION OF A KAHN SHAKHR FOR ifOMOOFNlZlNC 
SPECIMENS FOR HACTER10E()(!1(; 1‘ROCEDl’RES 


IjImjan ErxiiAi M.® M.S., Nr.w Yokk. N, Y. 


I N THE courec of our lahoratoi'v work it is oftoii uccossary to shake vigorously 
several different types of haeterial samples to obtain liomogenous suspensions. 
To expedite and simplily tins procedure, a meelianieal sliaker is considered de- 
sirable. A Kahn shaker that was already part of o<ir laboratory eipiipment was 
satisfactorily adapted for our needs. The idea for adapting a Kahn shaker was 
obtained from a bottle shaker manufactured by the I’recision Scientific Com)niny 
of Chicago (catalogue No. .oS!)2). 



riK. 1. 


Lead-coated copper, which is rust-resistant, 1 mm. in thickness, was used to 
make a tray 14 inchc.s long, 12 inches wide, and 2 inches deej) (Fig. 1). Specifi- 
cations of the tray 'were limited by the api)aratus already in the shaker which is 
used for shaking hemoeytometei-s. Both the tray aJid the latter apparatus arc 
fitted into the ledge of the shaker. The tray is removable so that it can be easily 
cleaned and sterilized. 

Jletal holders (Fig. 2) were ordered from the Standard Scientific Supj>ly 
Company of New York. Spring brass was the metal of choice for these holders 
because of its malleability and tensile strength. Two 1 mm. metal bands, 1 inch 
wide and 6 inches long, are placed at right angles and soldered together. The 
bands are bent at a 90-degrec angle so that the four upright arms are 2 inches 
in height. The four ends are curved in order to hold the specimen containers 

Kccelvcd for publication, July 14, 1943. 

•Assistant Bacteriologist, Pathological lxiborator.v. AVillard Pnrlcer Hospital. 
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sopiiroly. Tlio width iit thi- linsc of the. finished iiolder is 2 indies. Tlic toj) can 
lip pxiiandcd to 4 iiicin's or contracted to 2 inches, dcpcndiiifr on the size of the 
container used. Itivets are used to attach the liolders to the tray at a distance 
of tliree and one-half indies from the center of cadi holder. 

The shakinir apjiaratns, thus modified, was utilized at fii-st to homogenize 
sputum for concentration of Mijrohartrninn {uhrirulosj';. Half pint wax cups 
with a 2-inch ha.se diameter, a 3-inch brim diameter, and 314 indies in height 
were used as containers for these sjiccimcns. All tenacious masses were com- 
pletely broken uj). and good digestion of the sputum was obtained after adding 
3 jier cent sodium hydroxide and shaking for twenty minutes. 



Due to the fact that the holders can be adju.sted, different sizes and tj-pes 
of containers can be inserted and held securely by the flexible metal strips. 
Among other uses, it was found that homogenous .suspensions of streptococcus 
growth in some liquid media re.sulted after shaking for from four to six minutes. 
As this organism produces a granular growth in broth, the .shaker proA'ed in- 
A’aluable Avhen used in preparing different amounts of antigens for the Griffiths’ 
typing of hemolytic streptococci. 

The liosiiVtal tinsmitli, Frank J. Musawliia, Jr., con.structeft tVie trav and riveted the 
holders. 

I wish to tliank Dr. Vera E. Dolgopol for her suggestion.s which aided in tlie nreoaration 
of this paper. ^ ^ 


IJOLLKR KBRDRIVE KVAKJOKAPJIS 


R. P. Walton, U . D ., F. 

ClIAULKSTOX, 


M. Cook, li.S., and A. B. Gulia;k, 
S. C., A.\T> Ilvivkhsitv, IMihs/' 


M.S., 


K Yi\IOGRAPHS have always represented one of the major cfiuipnient proli- 
leins of pharniacolojxy and physiologj' laboratories. The chief diflienlty in 
their construction is occasioned I)y the need for wide raTi'.'cs of speed, and, at 
present, these are obtained almost exelusivcl.v by shifting gears or rearranging 
belts, with usuallj' a rheostat or governor control of the motor. These motor 
controls are limited to a G-to-1 range usually, or as a ma.ximum, a lO-to-l I'ange. 
Additionally, the rheostat control even at the G-to-1 range involves serious lo.ss 
of torque at the lower speed.s, since its effect is assentialiy to dissipate power. 
This, similarlj-, is a disadvantage of fan-controlled sj)ring motors. 

A distinct improvement will be the development of some device which will 
give smooth, continuous control of small motors over a speed range of about lOO 
to 1. By the use of reducing geai-s, two such speed areas could be made available 
with only one shift of gears (or change of drives). .Speed ranges of 10,000 to 1 
would then be available, and this covers practically all the needs of pharmacologic 
and physiologic work. A wide range of control is now commercially available 
with large motors. For instance, the Crockcr-Whceler polyspeed motors operate 
with a variable speed 3 phase A. C. motor which has separately c.xeited rotoi' 
and stator coils and has essentially the same characteristics as a D. C. shunt 
motor; that is, constant torque at different speeds.’ Another possible typo of 
motor contx’ol is that described b.v Ryder in which a D. C. motor is shunt wound 
and has a separately excited armature and field.=^ Tlie armature voltage might 
be varied from zero to maximum by means of a grid-controlled rectifier acting 
as a variable voltage source, a function which can be satisfactorily performed 
by a thyratron tube. There are other arrangements of a purely mechanical 
nature by which the desired motor control might be obtained. One is by the use 
of small hj’draulic, piston-drive motors and pumps (in whicli variations of fluid 
flow are subject to valve control). Another is by the u.sc of a planetary drive 
system in which the differential rate of two motors might be .subject to a wider 
range of control than is the ease with a single motor. 

We have made tentative experiments Avith each of these possible arrange- 
ments and in each case have found enough complications and disadvantages to 
pi’eelude the immediate prospect of using them as kymograph drives which could 
be developed as a pi’actical improvement over existing methods. These possi- 
bilities are mentioned, hoAvever, since with subsequent technical developments 
or in other hands they might be satisfactorily adapted to this particular purpose. 

The arrangement which Ave liaA^e deA'eloped and put into use involves a 
simple mechanical principle Avhich Avithout any new meshing of geais gives the 
needed Avide range of speeds and is capable of construction at a relatively Ioav 


" Received for publication, July 17, 1942. 
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cost under ordinary sliop conditions. Its chief point of novelty lies in the use 
of the roller rim-drive principle such as has been used in musical record players 
for the last several years. This is essentially a small, power-driven roller operat- 
in£l by friction apainst the inner shell of a kATnograph drum. Commercial fric- 
tion drives at a more central point of power have not been satisfactory in our 
experience, but this type of friction drive at the most peripheral point of the 
system has proved exceptionally satisfactory. One such drive has been used now 
for five years in these laboratories and has always given .sinooth operation with- 
out slipping. Our presently preferred kymograph design operates at top .speed 
with a jiull of ten pounds at the periphery of an eight-inch drum, and, under te.st 
conditions up to this maximum pull, there has been no slipping. This is an ex- 
treme te.st, since some widely \iscd commercial kjanographs are stopped by less 
than one-pound pull at the drum periphery. 

Tlic unique advantage of the roller rim-drive lies in the fact that several 
rollei-s can be power driven within the shell of the drum, and, by a fairly simple 
aiTangcment, any single roller can be selected for driving contact while the other 
rollers arc allowed to idle. Thus different ranges of speed can be made im- 
mediately available without the usual changing of gears or shifting of drive 
belts. The fact that there is actually no new meshing of gears in any of these 
changes of speeds eliminates the need for the more precise type of machining 
construction which is necessary when several gear shifts are required. 

This principle can be illustrated best by the simplest theoretical arrange- 
ment in which only two rollers are being driven inside the drum shell. These are 
being driven at different rates of speed by a motor and gear box in a housing 
below the drum. The rollers are moimted on free, movable arms of bar iron and 
connected by small spur gears to the power shafts. The arms rotate freely about 
cylinders which enclose the fixed power shafts. By two simple maneuvers, one 
roller can be released from contact with the inside shell of the drum and the 
other brought into contact. This contact can be maintained with a tension 
spring. "With rheostat control of the motor, which usually gives satisfactory 
control over a range of 6 to 1, two areas of speed range are made available. 
This represents the simplest arrangement of multiple drives, and the construc- 
tion details are simple. By increasing the number of power-driven shafts and 
their attached rotating arms and roller drives, additional speed ranges are made 
available and without the necessitj' of meshing new gear combinations. The 
mechanical difficulties of arranging side arms underneath the drum, however, in- 
crease with the number of side arms and a point may be reached where there 
may be interference with recording instruments. 

We have found that the most suitable means of making available several such 
speed areas is a system which drives a number of contact rollers from one 
circular gear box, which itself can be freely rotated about a central power shaft 
coming directly from the motor. The whole gear housing can be shifted 'awar 
from the drum periphery enough to release the friction contact of anv of its 
rollers, the gear sj'stem rotated to place the selected roller drive in position for 
contact with the rim, and the gear housing shifted back to establish contact of 
the selected roller with the rim. 
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Tin’s gear box iiicelianisiii is of a eloelc-work Ivjk*, aiul we iiavc preferred 
a gear reduction of about G to 1 between eaeli roller drive shaft. With five 
such roller drives and ordinary rheostat control, a continuous s<'h'etion of si)ecds 
is available over a range of aliout T.bOO to I. 'I'his jieruiits a top sj)ee(] which 
completely revolves a ten-foot jiaper in about one minute .'iiid a lowe.sl speed 
which revolves the paper once in about five day.s. Stated differently, the paper 
can be driven at about o.O em. i)er .second at top spee<l ami at aliout 2.4 cm. per 
hour at the lowest speed. Any sliced within this ramjre ejiii be selected im- 
mediately and jmt in operation without disturbing the continuity of the tracing. 
There is no disturbing jar ot the kymograph with spc'is] changes, tluo'i' is no wait- 
ing interval for a train oi gears to catch up, and Ihei'c is no forwai'd jerk of the 
drum as new goal's are meslnsl. The.se speed eltauges jire obtained by knob 
controls jilaced out of the area of the support roils and recording instruments. 



1, ‘1, and 5. /, Drivo roller; indtrator plato; .r, gear hoiisUiK : J. (;ears; 

5 support for sliaU to bevel pear; 6, couphnp; 7. lIoxIbK* shaftlnp; X. motor moimUnp; P, drum 
shaft j JOf stabiiiZinp post, c*!!!} ^ictlnp on p<*tir housinir to roHf'r * *<i)rin£r act** 

inp in sear housing to maintain friction of roller; ,,t. rlico.^tat ! /,(! nXr " •<Irr.’n.' 

to cam .'5haft: U, knob to bevel Rear; IH, knob to rheostat- i:i on-olT cower .switch; Sfl, 
■spreader arninffemont. 

Fig. 1. — Schematic view of entire k.vmoKrupIi. 


The details of this con.slruction are given below. Addition.-illy .some fcalnres 
of kjTnograph assembly are mentioned which may ho heliiful to those ]iarticularly 
intei’csted in cutting down costs. A rugged kymogi'jipii giving the above .sliced 
range and operating with adjustable large double di'iims can lie assembled from 
less than .$35 worth of parts in a shoii cfiuipjicd with a lathe and ordinary metal 
working equipment. 

Brums . — The drums are made of laminated liakelile tubing (Synthane) 
which can be obtained in varying diameters and can be cut to order in various 
lengths. We have used such drums for five years and consider them preferable 
to metal drums. Heads arc machined from a plastic slab or, adequately enough, 
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from plywood with a toj) (•(ivoriii'i of. smooth asbestos composition board.* The 
lower head is fixed in the drum about one to two inches from the lower edge. 
Tliis allows room for the rnbber rollei-s to jiroject np inside the shell of the drum. 
The drum itself with a central shaft of metal tubing idles on a shaft of three- 
fonrth-inch diameter rodding attached to the base. 



Fig. 2. — Top view of gear mechanism. 
0 0 0 0 0 



Base.— The iron base is cast to order as a rectangular box weichin^^ about 
thirty-five pounds. The bottom is left open and has rubber bump'ers Terewed 
up into the i-im. The top is covered Aifith a rolled .steel plate 

•Decorative Flexboard, Johns-ilanville Corp. 


101)6 TIIK JOUJtiNMl. O]’ I.AllOlJATOJn' AXt) CI.ISIC.Uj Ml.nKUSi: 

Idler Drum and Base . — The idler drum and base arc tlie .same as the motor- 
driven unit, except that the shaft of Ihrcc-iourth-inch rodding is mounted on a 
movable plate, Avliich can be slipped back and forth on the base. A heavy, 
knurled knob connects with this moval)le plate through a center groove in the 
top of the base. Tlie drum bases are separated from each other by t(‘lescoping 
pieces of pipe Avith a threaded attachment for ])rccision adjustment.s. 




^^sou/'ce 


nil 


im 


mn 


Front view (exposed) of g-ear meciianlsm 
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Gear Box . — The cloekwork nicciiaiiisiii is mounted inside a piece of four- 
inch ]ui)e, and tin's housing is flanged al the top so as to slide in grooved backets 
attached to the top plate. A spring maintains tension of the entire housing to- 
ward the periphery of the drum. This gear housing is moved hack away from 
the drum periiihery hy means of a cam shaft operated hy a knob in the front of 
the base. The mechanism is made up of gears with twelve and thirty teeth each. 
Since each roller drive shaft must he turning in the same direction, two pairs of 
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.sucii geai'K art' lua-cssary, wliidi, with llic gear I'jilios of .12 ami 20, niaku a 
reduction of (i/da from one drive shaft to liie next. The main drive shaft from 
the motor enters at tlie center of the gear housing and drives at a rate of 40 or 
80 r.p.m. This low spi'ed sidijeets tlie gear ineehanisin to very little wear and 
obviates the need for an oil hath or s|)eeial oiling arrangenieiils. This motor 
drive shaft is made up pai'tly of a section of tlexihle shafting since the motor is 
stationary while the gear hox is moved hack and forth about oiie-fonrth inch. 
The gears are mounted on a circular plate which turns smoothly on an f>risel with- 
in the liousing and is connected hy a threaded ami sokhu'c-d metal tube with a 
hovel gear placed around the central gear sliafi ludow the gear housing. This 
hovel gear is tui'iied hy a smaller bevel gear which is on a shaft operated hy a 
kno!) from the front of the base. This hcv<d gisir arrangement is not entirely 
neee.ssary since thei’e is actually V('ry little iritcrfeicnce <ii- inconvenience if the 
gear platform is simi)ly turned l»y hand, the rollers ami their shafts above the 
base plate being easily acce.ssihle. The correct spacing of the gear centers is 
}icee.ssary in order to minimize “back-lash." which can ]»rotluee an irn'gular 
rate with an unloaded fast drum. Tin* incasure?nenls shown in the diagram are 
ai)})roximale and, in setting up the gears, must be calcuijited more accurately 
from the known pitch diameter of the gejirs. 

The drive rollers are made of ordinary rubber pivssiiiv tubing .spiked on to 
each of the five drive .shafts. ( Vaisiderable varialio?i in size of rollers is po.ssible. 
which eorre.si)ondingly varies the drum spee<l.s. 

List or MATF.i:i.\r.s ano MAserAi'rn:Ki:s ( Krrrenn: I'.rroia; I'ar.sr.sr tf.Miamr.vev) 
Plums. Xiitunit Syntlmiip xx fn'c-imu-tiiuin" Iiiliiii;'. S iiidi iii.-iiic (lianielcr liy t^,. 
wiitl. Two 12 incti Iciiglli-i. 

Syntlmnc Coip.. Oaks, Pa. 

Motor with worm drive rcduetioii. 

Speedway Mfg. Co., IStll South .'igiid Ave.. Cirero, III. 

Bra.ss gear.s. Spur j;ears. 10 with 12 teeth ( Xo. (!ll>.'!) 

10 with .'to teeth f.Xo. 

Bevel gears. 1 pair with 18 and 'M'> teeth (Xo. (iiS.1) 

Cat. Xo. .'j2. Boston dear Works, X. Quiiiey, Mas.'*. 

Bases. Two iron eastings of a:’ Ih. at .07 

Memphis Machine Work.s Memphis, Temi. 

Power rlieustnt. 75 watt, ."•00 olim. Xo. 27-4;'>7 
Flexible shafting No. 7."-2il0 

On-off switeh Xo, .'1-1-020 

Bar knol) Xo. 5S07<) 

Fluted knobs Xo. .55087 

Switeli plates, dial plates, power eord, crystallizing laequer, ete. 

Cat. Xo. 107. Allied Badio, .SSa W. .lackson Blvd., CJijeago, Pi. 

Cold rolled steel shafting, mild steel rolled plates, bar iron, spreader pipes, ole. 

Lewis Supply Co., ilemijkis, Tonn. 

REFEKK.VCKS 

1 A. C. Polyphase motors, Product Engineering, JIarcIi, 19;!8, ]). 12.'!. 

o' Ryder- Elcctronie, control circuits for P. C. motors. Electronics, Pec., 10, "S, p. 20. .See 
^ also "Variable Speed Tkrougli Blectronie Control.” Product Engineering, June, 
19-10, p. 24f. 
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CniCAc.o, li.i.. 


A IIEC.MvXT ropoii' fljiijns niiii’kodiy bencfieijil efi'eet.s from tiio intravenous 
administration of relatively minute amonnts of oxyiscn. It was stated 
that thcrapeutie results were obtained willi as little as from 0.2 to 0.3 c.c. per 
kilojiram ]H'r minute aud tliat tiiis method of administration was more effective 
than oxyiren by any other route. It .seemed rather difficult to account for these 
results, since the amount of oxyiren administered is le.ss than 10 per cent (1 to 
T per cent ) of the averaire basal retiuirement. ^Moreover, it has ]n-cviousiy been 
reported-- ’ that intravenous oxygen in larger amounts not only is unable to 
correct an existing anoxemia but m-ay actually j)roduc-e an anoxemia when none 
is ])rcsent. In view of fhe.se facts, the problem has been j-cinvestigated. 

AtETiions 

Dogs anesthetized with pentobarbital were n.scd in all experiments. Oxygen 
for inti-avcnous administration was obtained from an ordinary Linde tank 
fitted with a reducing valve to control the delivery pressure and a needle valve 
to control the flow. The gas was led through an orifice meter calibrated to 
measure the rate of flow in cubic centimeters per minute and was admini.stered 
to the animal through two 27-gaugc needlc.s, one in each brachial vein. AVhen 
oxygen was given by trachea, a closed .sy.stem -with suitable valves to prevent 
rebreathing was employed. Carotid blood pressure and respiratory movements 
were recorded on a smoked drum. Blood arterial oxygen was determined bv 
the manometric method of Van Slyke.^ 


RE.SCLTS 

Ejfecf on Re-spirotion . — Twelve animals were studied (Table I). In ten 
animals with intact vagi, intravenous oxygen in amounts as small as 0.21 to 
0.64 c.c. per kilogram per minute cairsed changes in respiration. The rate was 
mo.st consistently affected, being increased in all cases. The effect on depth 
was more variable, uicreases, decreases, or no change occun-ing -with approxi- 
mately equal frequency. However, the most typical response, at least initiallv. 
appeared to be rapid, shallow breathing (Fig. 1). In larger amounts, the re- 
spiratory effects were more marked. In three vagotomized dogs, intravenous 
oxygen produced primarily an increase in depth, the increase in rate beinu le.ss 
conspicuous (Fig. 2). 

Ejfect on Blood Prmnrc.— The blood pre.s.sure was affected le.ss con.sistentlv 
than the re.spiration. In general, small amounts of oxygen produced little 

From the Department of Phy.=!ioloR,- and Pharmacologv. Xorthn-e.;tPm , 

School. Chicago. -'orennestem Lni\er.=ity Aledical 

Received for publication, .July 20. 1912. 
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change, wliorcas larger amounts lowered the })re.ssure. However, there was 
marked individual variation. 

Cardiac Froth . — Small amounts of oxygen (0.20 to 0.3") c.c. per kilogram 
per minute) did not produce audible cardiac froth. Larger amoimt.s (1.0 to 2.5 
c.c. per kilogJ’am per minute) j)roduecd audible froth i?i all ca.sc.s. Tlii.s di.s* 
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Fig. 1 (Dog 7). — ^AVcJght, 12. C kg'. Vagi intact. Intrnvcnoii.'t o.vvg'Cn nt S c.c. per min. (0.61 c.c. 
per kilogram per mlnuto). Kote tj-plc.al rnplil sliallow breathing. 
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Fatiil Dosc.-Dog < u'as killed in - 

vcnously. discussion 

fits are in am-ecment with those of earlier mve.stigators^' 

In general, our results . pressure, and arterial oxygen are con- 

in so far as changes in to occur with s-maller amounts^ of 

cerned. However, ue fo t prom a physiologic vieivpoint, 

oxygen than were employed hj tnes 

several questions arise. ^ riinnaes The most typical respiratory re- 

X. ucc,„ism of "II sSlWhaeathing (Fig.l). La the 

poiise to intravenous ox> ^ grow and Branch,^ who produced multiple 

type of re.sponse reported starch gi-aniiles in dogs, and 

pulmonary emboli b> ^ similar experiment in the goat. In the latter s 

by Dunn,® ivho periorm nUserv'ed. In Binger’s ex-periments, anoxemia 

experiments, no anoxemia 
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was producTcl. However, e<trree1ioii of the anoxeiiiia liy tlie iiilinlalion of !)() 
])cr cent oxyii;on did not elian*re the respiratory I'esponse. Freezinjr of the 
vagi, however, ehaiiged the response to a slow, deep respiration. Tiiesc aulhoi's 
allribnted the rapid .shallow breathing to an inereased sensitivity of Ihi* Ilering- 
Brener reflex due to tiie meelianieal efi'eets of pulnioiiary damage. 





Blood Ftess. 







PljT. 3 Uoiplit 13 kfr. intact. A, Control; intravenous oxypen fi.r> c.c 

per minute; O.aO c.c. per kllopram per minute: C. intravenou.s oxvpcn 30 c.c. per minute; 2.^ 
c.c. per kllopram per minute; 100 per cent oxypen by trachea .started at .signal. 

The respiraiory response in onr animals with intact, va^i also was not pri- 
marily due to anoxemia, as demomst rated by Dog 6, in which rapid breathing 
occurred without the pre.sencc of anoxemia, and by Dog 9, in which con-ection 
of the anoxemia by the inhalation of 100 per cent oxygen failed to affect the 
respiratory re.sponsc (Fig. 3). However, that the response is not entirely a 
vagal reflex phenomenon arising in the pulmonary tissue is shown by the fact 
that vagotomy in our animals did not. abolish the rosi)onse entirely, although 
it changed its character. In these instances, chemical factors were undoubtedly 
in operation. 
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From I hose coiisidonitions, tlio mcflmnism of Iho respiratory response to 
intraveoiis oxygen jii)p:irently (le|)einls upon two factors: 

1. Pulmonary retlex via tlie va"i; results in rapid breathin'r. 

2. Carbon dioxide excess and oxygen lack i)rodueed by the reduction of the 
pulmonary capillary bed by multiple "as emboli. Aeeordiii" to Sebmidt,' the 
tyiiieal response to tlie.se chemical stimuli is an increased depth of respiration. 

In intact animals, the first factor is most imimrtant; in vagotomized animals, 
the .second fa(‘tor is dominant. For exaniide, in Dog 11, which Avas vagotomized, 
100 ])ei- cent oxygen by traelu'a only .slightly decreased the respiratoiy response 
(Fig. 2). In Dog 12, however, (also vagotomized) 100 i)er cent tracheal oxygen 
markedly diminished the hyperpnea (Fig. 4). In the former case, it can be 
a.ssumed that the re.s])iratory drive was primarily centrogenic, produced by 
exce.ss carbon dioxide on the i-esiiiratory center. In the .second animal, which 
was very deeply anestlietized, the resi>iratory drive was chiefly reflexogenic 
due to the effect of anoxemia on the carotid sinus. This latter case is exactly 
analogous to the •'oxygen inhibition” reported by Marshall and Rosenfeld® 
to oeeui' in dee])ly nembutalized dogs. 


Rc9pir«*/ori 


Blood 






2. Mechanism of the Anoxemia . — This is probably due to an anoxic anoxia 
caused by a reduction in the pulmonaiy capillary bed by multiple gas emboli. 
The oxygen supplied by vein cannot compensate for tlie reduced pulmonary 
.supply. With larger amounts, decreased efficiency of the prrlmonary eireirlatiorr 
due to air bubbles in the right heart is undoubtedly importarrt. 

From a therapeutic viewpoint, our results fail to support the claims of 
Viegler.i Intravenous oxygen Avas not only unable to correct an existing anoxia 
produced by nembutal anesthe.sia, but actually increased the anoxemia That 
nembutal anoxemia can be corrected by oxygen inhalation has been rerrorted 
by SchnedorF and McClure and a.s.soeiates,”’ and confirmed bv as in Do" 9 
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COMStKNT 

It would appear that if intravenous oxvfreii tlierai/y will ever j)rove to be 
efficient, some way will have to he found so that simjifieant amounts can be 
administered without causin': bubble formation, 

.Sl.'AIMAltV 

1. Intravenous oxygen in relatively small amounts causes marked ro.s[)ii'a- 
tory changes, may cause a fall in blood pressure, and nsnally reduces the arterial 
oxygen content. 

2. The mechanism of the respiratory respotise and the anoxemia has been 
discussed. 

3. Our results indicate that the intravenous admijiistration of oxygen at 
rales varying fi'om 0.35 to 2.3 c.c. jiei’ kilogram j)er minute is not oidy unable 
to correct an existing anoxemia, l)ut actually aggravates the condition. 
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AX EFKiril<:XT APPARATUS POP THE PREPAPATIOX 
OF PARENTERAL SOLUTIONS 


Ai-i:xaniii;ij 0. KKf.i.KK, B.Sc., Pnii.ADi;t.priiA, Pa. 


A S Tlll’i ini]>ortaiico oE iiarenleral .solution.s lias grown to such a magnitude 
. during the last ton ycaj-s, many ho.spital.s liave tran.sferred tlie preparation 
of these solution.s from tlio operating room staff to tlie laboratory department, 
where a special room and personnel arc u.sed for the work. 

This transfer occurred in our ho.spital approximately eight years ago, and 
from one .small room we recently expanded to two rooms with a total area of 500 
square feet. Tlic rooms are adjoining, one for the cleaning of the gla.ssware and 
the other for the preparation and bottling of the solutions. 


PART I 


The cleaning of the glas.sware is conducted in several steps: (1) the gla.ss- 
ware is boiled for fifteen minutes in a detergent solution in a tank; (2) it is 
thoroughly rinsed with hot tap water for ten minutes; and (3) it is rinsed with 
dfstilled water for three minutes (Fig. 1). 

For a tank in which to heat the glassware, we use an enameled bathtub. 
The tub is filled to the overflow level, capacit 3 ' fifty gaUons, with tap water. A 
wetting agent* is added to remove the hardness of the water and to prevent the 
formation of a precipitate when the trisodium pho.sphate is added. Sufficient 
phosphate is added to give a concentration of approximateh' 0.5 per cent. 

After boiling the glass\vare the liquid is drained from the tank and the 
glassware is transferred to the rinsing apparatus. This consists of a shaUow 
bathtub with two pipes, lying lengthwise, on the bottom of the tub. Each pipe 
has eight vertical nozzles. A wooden rack rests on the pipes, holding a flask 
mouth dowm, over each nozzle. By opening a valve, hot tap water enters the 
tw'o pipes and nozzles and sprays the inside of each flask. The outside of each 
flask is wmshed bj* a rubber tube operated manually by the technician. Pinallv 
by closing the hot tap water valve and opening an adjacent A'alve, distilled water 
is admitted through the system, and any tap water adhering to the glassware 
is removed. 


In order to have the distilled water under sufficient pre.ssure for the ruisin«- 
we use a vertical style autoclave to which is attached an electric pre.ssure pump 
When the rinsing is completed, each flask is removed and a piece of pareh- 
ment p aper, freshly rinsed with distiUed Avater, is placed over the mouth. 


University of Pennsjlvania. 


From the Biochemical Laboratories of the Graduate Hospital 
Received for publication. Sept. 22, 1942. 
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I'Ain’ n 

Water is distilled fresh eaeli day by two® live-t;al(()ii-]i(‘r*iionr steain-iieatcd 
stills,® moimtcd on an iron framework apju-oxitnately ten feet from tlie floor 

(Fig. 2). 

The distillate is eolleelc'd in an inverted twelvo-^ndlon j>yrex earboy, moinitcil 
in the framework at a hwel below that of the stills. Direetly below this inverted 
earboy is a second twelve-"a1!on carboy held in a metal bai'iiess attached by a 
swivel arran«remcnt to tlie njiri'rbl on each side. This ])i‘rmils the carboy to be 
inverted when desired. 

The constituents for a imrenteral .solution are delivered into this lower 
carboy. The fre.sb distilled water entei-s from the upper carboy tliroufib a tda.ss 
tube. In the center of this lower earboy. held in ]daeo by the rnbbei' .stopi)er, 
is a "raduated glass tube to indicate Ibe volume of rupiid. 

Jlixing is aeeomjdisbed by drawing air tbrougb the bhpiid, using a water 
suction pump. The air is cleaned before entering the licpiid by passing tlirongb 
soda lime, weak sulfuric acid, and distilled water. 

After mixing, the licpiid is drawn by suction tbrougb glass tubing to a 
50 L, spherical flask adjacent to the upper carboy. In this transit the liquid 
is filtered tbrougb a fritted glass jutcx filter, medium porosity. As a partial 
vacuum must, be created, a .sj)berical lla.sk is used in piaderenee to a standard- 
shaped bottle. The perforated imbber stopper has a metal disk attached to it on 
the outside of the fln.sk to prevent the .stojiper from being sucked in should the 
vacuum become too great. 

The i)artial vacuum is ci'cated by a water suctio)i ]>um]). A glass ebeck 
valve is idaeed in the line bet won the pum}> and the fla.sk to i)revent backfire. 
A gauge is also in the line so the number of inches of vacuum can readily be seen. 
The vacuum .should not exceed fifteen inches. As .soon as the sjjberical flask is 
half full, the water .suction pump is stopped and the vacuum permitted to de- 
cline voluntarily. When room pressure is reached, tlie litiuid is ]iormitted to 
enter the dispensing apparatus. 

The dispensing apparatus is essentially a large burette with an overflow. 
It is operated with pincbcocks and rublier tubing in ])1ace of a glass stopcock. 

The previously cleaned Erlcnmeyer flasks are filled to Imlf their capacity 
from tlie dispensing apparatus. Tlie parchment paper ca]) is rejdaced, and an 
additional ])lcatcd paper cap or hood, bearing the date of manufacture, is placed 
over the parclimeiit paper. 

After a close inspection to ascertain the presence of any foreign particles in 
the liquid, two wire ties are placed around the neck of the pleated paper cap and 
twisted tight. 

All solutions are autoclaved the same day tlicy arc made. Baclriologic con- 
trols are placed in the autoclave at the same lime. 

A duplicate unit of collection bottle, mixing bottle, spherical flask, cte. is 
parallel to the first unit described. This permits Iavo different solutions, or two 
batches of the same solution, to be made simultaneously. The distillate can be 
delivered to either receiving Ijottlc by opening or closing a pincbcock. 


♦Made bj- American Sterilizer Co. 
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This cquiptiicnl. will jn'odiicc larjjc; qnantilics of parenlenil solutions per day. 
The iron franio\voi-k was built by tbe hospital maintenance department at a 
comparatively small cost. 

No paper filters arc used. 

The solution is protected from exposure to the air to a groat degree. 

coN'cnr.sioN' 

An cfiic.ient as well as economical apparatus is described for prepai’ing 
parenteral solutions. 


AN ELEt’TRIC l.ANTERN SLIDE POINTER 


NkI,SON a. llCKKAY,® II.D., ROCHESTER, IMlXX. 


T his useful piece of apparatus can be made from odds and ends found in 
almost any laboratory and will well repay one for the few minutes spent in 
its construction. The pointer which I made was constructed from the batten- 
ease of a ]\Iendolsohn flashlight gun, an adapter for the flashlight bulb, a card- 
board mailing carton, two round wooden mici-o cover slip boxes, and a 7 diopter 
spectacle lens (Fig. 1). A 7 diopter lens is of appro.ximately 14.28 cm. focal 
length. This focal length was chosen for no other reason than that it is a 
convenient length. A lens of 6 or 8 diopters will work equally weU. 


r 



Fig-. 1 .— Material used in construcOng the electric lantern slide pointer. 


The lens is placed in front of the flashlight bulb so that the distance between 
the lens and the light source is slightly greater than the focal length of the 
lens (Fig. 2). The actual distance can be calculated readily from the standard 
lens formula. In order to set the lens for a spot at fifteen feet (500 e 1 
calcula tions are as foUows : 1/p + 1/q = 1/P. When p = 500 cm. and P == i™ 28 


Received for publication July 27, 1942. 
•Fellow in Patholo&y. ^layo Foundation. 






SS AOAR FOR TUF ISOI.ATIOX OF FBFRTII FLLA. SALMONELLA, 
AM) SIIKiFLLA (JROFPS FRO.M FECES® 


CoMi’AKKi) With MacConki.v and Bismi'tu Shiattk Acau.s and Tctkatmionatk 
Bhdtii 1-'()I.i.()\vkd uy MacConkky AcAuf 


Jloi.i.n; Moi.lov. M.S.. .Ir.ANTrrri: E. Wintkr. B.A.. and Pmilii’ Steinberg, B.S., 

Jamaica. X. Y. 


T he problem of routine isolation of Ebcrthclla, Salmonella, and Shijrclla 
organisms from fceal specimens is one of vital importance from a public 
health standpoint. Detection of the etiologic agents is e.sscntial in the diaunosis 
of enteric bacillary disease and in the recognition of earners. An efficient selec- 
tive medium or combination of media is most important for the suece.s.sful i.sola- 
tion of the incriminating organisms, ilany types of media have been dcAused to 
facilitate the isolation of these organisms. Few. if any, have proved to be 
entirely satisfactory for all the enteric pathogens. The medium was often insuf- 
ficiently inhibitive to ]irevent overgrowth of the eoliform bacilli, or it failed to 
suppoi’t the growth of some of the more fastidious organisms. 

Liefson.' in 1935, devised the de.soxyeholate-citrate agar as a .selective, in- 
hibiting medium which enhanced tlie isolation of the Flexner type of ShigeUn 
paradyscntcriac bacilli but which inhibited the Shiga. Sonne, dispar and alkales- 
cens strains to a great extent. Paulson,- in 1937, found desoxyeholate-citrate agar 
superior to the Endo and cosin-mcthylene blue agars in bowel disordei-s. Hardv 
and Watt'’’ ■* confirmed the superiority of the desoxyeholatc-eitrate medium in 
their experience with their Fle.xner dysenteiy cases. They mention, further, that 
the differential itIaeConkey agar compares favorably ^vith the Endo and eo.sin- 
methylene blue but not with the desoxycholate-citrate agar in the isolation of 
Flexner dysenten- bacilli. Cooper and a.s.sociates'' also conclude that MaeConkev 
is superior to Endo and eosin-methylene blue but that desoxycholate-citrate 
is .superior to all three for Flexner and al.so for .Sonne dysenterv isolations 
Sellers, Morris, and Reynolds,® in 1934, found bismuth .sulfite agar better than 
Endo for Isolating Ebcrthclla ti/phosa. Gunther and Tuft' concluded that bis- 
muth sulfite is superior to Endo, eosin-methylene blue, and desoxyeholate-citrate 
agar in the isolation of E. tgphosu from urine and feces. Jones' found brilliant 
green-eosin agar superior to jMacConkey for dysenteiy bacilli. Desoxi-cholate- 
citrate agar was found to be much better than IMacConkey for isolating dvsenterv 
bacilli by Irons and co-worker.s’ in 1939. Difeo Laboratorie.s. Inc. A in 1939 
revised their formula for lilacConkey agar to support the grm\th of all the dvsen 
tery as well as the typhoid and Salmonella organisms. 


‘From the BacterioIos>- Department and the Department of DofVioir...... o. 

Hospital. Jamaica, Long Island. N. V. i .inment ot Fathologj. Queens General 
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uere products purchased from the Difeo laboratories. broth u.sed in this studv 
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Studies with SS (Shifiella-Snliuoiudhi) aerai’ mtto first rejiorted liy Mayfield 
and Gobcr” lO'lO. Tlicy found SS apir to lie as efficient as desoxyeliolafc-eiirntc 
foi’ tlic isolation of dysentery liaeilli. They mention, further, that the patho- 
genic and nonpathogenie® colonies were more clearly difiined on the SS inedimii. 
Rose and Kolodny'- confirmed these findings in their studies of Flexner and 
Sonne dysentery eases. Coojier, Keller and Glesne.'’ in 1!T.12. reported the 
superiority of SS and desoxyeholate-citrate agars over the MacConkey agar in 
cases caused by ShicirUu jxiradyKcntn-utr h’lexner. They stated, further, that 
MacConkey was slightly more efficient in isolating Sonne <lysentery organisms 
and ahso, that althougli the SS and desoxyeholate-citrate agars were equally 
efficient in the i.solation of Flexner dy.sentery Iiaeilli, a simider and more distinct 
differentiation on SS of ])roteus organisms were pre.sent, thus eliminating need 
for many subcultures. 

ScA’cral types of liquid media have been de.scribcd to enhance the growth and 
facilitate the isolation of pathogenic infe.stinal organisms. In Ifklfi Leifson’^ 
described the combination of selenite F enrichment and desoxycholatc agar for 
the isolation of typhoid bacilli. The .sodium acid selenite .salt favors the growth 
of typhoid and paratypJioid bacilli and inhiliils the coliform organi.sm.s. In 
1923 Mueller” demonstrated that tetrathionate broth, also a selective fluid 
medium, inhibited the coliform bacilli and permitted the growth of typhoid 
and paratyphoid bacilli. Kaufman”’' in lOSfi increased his positive findings of 
E, iyphma- and members of the Salmonella group with this medium. In 1039 
Difeo Laboratorie.s, Inc.,” recommended the use of their tidrathionate broth for 
enriching stool .specimens for the i.solation of typhoid, jiaratypiioid, and 
dysentery bacilli. 

Wc wish to offer our oliservations on .oOl fecal specimens cultured on SS 
and MacConkey agars and tetrathionate broth and to compare the findings of 
our positive cases with the media employed. We wish to report the efficiency of 
SS agar in isolating many mcmliers of the Shigella and Salmonella groups and 
many strains of E. iypJiosa. 

■\Vc would also like to mention our rc.sults witli SS, bismuth sulfite, and 
JlacConkcy agars in the isolation of E. iyphosa from feces in a few known cases 
of typhoid and one knoAvn typhoid carrier. 


JIA'rKRIAI, IISKI) 

Fecal cultures of dietary workers, luu-ses, and interns were examined rou- 
tinely to rule out carriers of intestinal pathogens. Fecal specimens of haspital 
cases showing bowel disorders, as diarrhea and the like, were also cultured. In no 
instance in this study had we any indication in the primary culture of the patient 
as to whether the specimen contained enteric pathogens. Where no i^athogcns 
were isolated from any of the media employed, the case was considered negative 
either because of the inadequacy of our media or the absence of organisms. The 
specimen that showed enteric pathogens on all or any of the media employed ivas 
considered positive. We wish to compare the results of these positive cases for 
the evaluation of the media used. 

” Zt thi-! t)apor bv pathogenic organisms wc refer to those belonging to the Eberthella, 
Salmonella, and Shigelta groups. 
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TKCHNIQUK 

Frcsli fecal specimens were sent to the laboratoiy in clean paper cups fitted 
witii tight covers. Inoculations were made onto one plate each of SS agar and 
^lacConkey agar and into one tube of tetratbionate brotli. Each medium was 
inoculated seimratcly. A large inoculum was placed on the SS plate and 
streaked freely over tlic surface. A large inoculum was put into the 10 c.c. of 
tetrathionate brotli to which was added, ju-st before use, 0.2 c.c. of an iodine 
solution, which was made up of 5 Gm. of potassium iodide and 6 Gni. of iodine to 
20 c.c. of distilled water.® A much .smaller inoculum was streaked on the 
MacConkey agar, often diminishing the inoculum, after making two to three 
streaks over part of the surface by cutting through the agar Avith the platinum 
wire at the outermost edge of the medium and then continuing to streak over 
the unused surface of the plate. All three media were incubated at 37° C. The 
agar plates were read after eighteen to twenty-four hours, and the number and 
character of the nonlaetose-fcrmcnting colonies on each solid medium Avere noted 
and recorded. Taa-o to four of each type of nonlactose' fennenting colony Avere 
fished to KruniAveide sugar slants from each plate. The tetrathionate broth AA'as 
streaked to ^lacConkey agar after incubation. This plate AA-as in turn incubated 
oA’ernight and treated as the initial agar plates. One Krumweide triple sugar 
slant from each case, giA-ing tj-phoid, paratj-phoid, or dysenterj- reactions was 
studied in detail. The other KramAveide slants were kept at icebox temperature 
until the identification of the slant AA-as completed. Subcultures were made 
to phenol red broth fermentation tubes (lactose, saccharose, dextrose, mannitol 
maltose, sorbitol, dulcitol, saliein). Ti-j-ptone broth Avas inoculated for indol 
production, ilotllity tests Avere done on young cultures from nutrient broth, 
i^lotility test medium, a semisolid agarf Avas used Avhen broth cultures failed 
to shoAV motility. Fermentation tests were read at tAventA'-four and seventA--two 
hours and then intermittently for ten days. All Shigella organi.sm.s were ideni- 
fied serologically by us and checked by the Ncav York City Health Department. 
The Salmonella organi.sms Avere identified serologically by the International 
Salmonella Committee at the Beth Israel Hospital, New York. All final 
identifications Avere based on cultural and serologic findings. The or»ani.sm from 
one KrumAveide slant from each specimen Avas studied in detail. HoweA'er if the 
first KrumAveide triple sugar slant chosen gaA'e atA-pical reactions, another slant 
fished at the same time from another suspicious colony, was carried throun-h the 
same procedure detailed above. 

In our studies of the knoAvn typhoid cases and the knoAAm t.A-phoid carrier in 
addition to the SS and MacConkey media, a bismuth .smlfite agar plate was used 
A large inoculum AA-as streaked freely OA-er the entire surface of the mediiun 
and the plate Avas incubated at 37° C. for forty-eight hours. This plate was then 
examined, tAvo to four characteristic black colonies Avere fished to Krumweide 
triple sugar slants, and the same procedure as described above Avas folloAA-ed 

RESULTS 

Five hundred and one unknoAvn fecal specimens were examined Th 
hu^d and thirty-three were from dietarA- Avorkers, nui-ses, and interns an- 


•Recommended by the Difeo Laboratories, Inc. 
tDifco Laboratories, Inc. 
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pavwUly {lootl hraUlo One hninlred nml sixly.ei”lil Aveve I'vuin hns54la! 
palionts with possilho intestinal tlisoi-tlers. Of the '.W.? speeiiiieiis meiitioai'd 
al)ovc, fourteen speeiinens were positive. Tliese were isoliiteii from five in- 
dividuals who were now laludled enrriei-s of fy|>hoid, Sonno. atyjiieal dys(‘nlery 
one ease eaeh), and alkalaseeiis (two eases eaeli). h'nr purposes of slndyinir (he 
cffieieney of the eulfur*' media employed, we are listing eaeli speeimeii as a 
separate ease. Of tiie 1()8 liospitai eases, twenty-six speeiinens were positive 
from si.xteen eases. Table 1 lists tlie types of or'ianisms in the lOherthella. 
Salmonella, and Slii'iella trroups found to urow on SS airar and also eompares the 
nonlaeto.se fermentin”; eolonies noted in eaeh ease, (pmntilatively, on eaeh ty|)eof 
medium used in this study. It is .si<;nilieant to note that of Ihc forhj posilirt 
eases lisircl, ihirip-four were isolated an X.S‘ afiar onhj, liecuiif-sf rr n in frtra- 
thionaie broth followed hij Mae('oul;eji aijar, and seventeen on the MaeCanl'eii 

■I’Ai!i,i; 1 


t’o.MrAi;ATiVK |{i;si i.t.s With S.S .k.vo M.^rCds-sev .\<iAi:s (p Ai.lTATiiK 
ItKsri.Ts With Ti:ti:.\thio.s.\i i; imoTll 



— 

fu* 

I'ATiKKffr.vn* 


CASK <»I! eAlllilKi: 

OIKiASISM.S- 

i roi.o.viiis o.V 




SS 1 

M A(' 


1. Case (S. Z.) 

E. tvplio.'.a 

.Mam- 

None 

Positive 

2. Case (R. W.) 

E. tyjilio.sa 

.Mativ 

None 

No groivth 

Carrier (G. (’.) 

E. iy]>liosa 

Oeergrotvii 

Overgrown 

I’ositive 

■i. Carrier (G. C. ) 

E. lyjilio.sa 

.Maiiv 

Manv 

Positive 

0 , Carrier (G. C. ) 

E. typlio.sa 

Xiinieroiis 

Overgrown 

Po.sitive 

(i. Carrier (G. C.) 

E. ly]iliosa 

XiHiieroiis 

Overgrown 

Positive 

7. Carrier (G. ('.) 

E. typliDsa 1 

Maiiv 

Overgrotvn 

Positive 

8. Carrier {G. C.) 

E. lypliosa 1 

.Mane 

I'ew 

Positive 

i). Case (H. D.) 

E. typliosa 

Few 

Nnnierons 

No growtli 
Negative 

10. Case (H. D.) 

E. typho^a 

Manv i 

Overgrown 

11. Case (H. P.) 

E. typliosa 

.Mniiv j 

Overgrown 

Negative 

12. Case (H. D.) 

E. typliosa 

Manv 

None 

Positive 

l.-i. Case (L. G.) 

E. lypIio.>ia 

Vvw j 

.Main- 

Positive 

14. Case (L. G.) 

E. typlio.sa 

Xnineioiis 

Niiinerous j 

Positive 

15. Case (L. G.) 

E. ty])liosa 

Manv 

Nnnierons 

Positive 

Hi. Ca.so (L. G.) 

E. typlio.sa 

None 

I'ew 

Negative 

17. Carrier (G. A.) 

Sli. Sonne 

Manv 

None 

Negative 

IS. Carrier {D. M.) 

Sli. .Sonne 

Vi'W 

I'ew 

Positive 

1!>. Carrier (D. M.) 

Sli. , Sonne 

Occasional 

None 

Negative 

20. Case (J. G.) 

Sli. Ele.Mier 

Manv 

None 

No growtli 

21. Case (J. 0.) 

Sli. Ele.Mier 

! I'eiv 

None 

No growtli 

22. Case GT. G.) 

Sli. Ele.Mier 

Eew 

None 

Negative 

2:!. Case (W. M.) 

Sli. Ele.Mier 

! Manv 

None 

Negative 

24. Carrier (B. Jl.) 

Sil. 

Manv 

i'’ew 

Negative 

25. Carrier (B. M.) 

Sli. alUale.seens 

Eeiv 

Eew 

Positive 

20. Carrier (X. Jl.) 

Sli. alkale.seeiis 

JInnv 

Occasional 

Positive 

27. Carrier (X. M.) 

Sli. alUaleseen.s 

Eetv 

None 

Positive 

28. Carrier (G. R.) 

SIi. atypieal j 

None 

! None 

Positive 

20. Case (G. A.) 

Sli. atypieal 

Manv 

None 

j Negative 

.'iO. Ca.se (F. H.) 

S. selioUiiiiilleri 

Niiiiieioiis 

b’ew 

1 Positive 

01. Case (E. D.) 

.S. iiioiitevideo 

None 

None 

Positive 

;!2. Case (T. J.) 

S. nctvport 

Manv 

Few 

Positive 

;i;!. Case (M. S.) 

S. eluilerac suis var. 

Manv 

Few 

Positive 

Kiizeiulorl 




Cnse (W- 

S. fyplii mitriuiii 

Manv 

! b'cw 

Positive 

,S5 Case (W. Z.) 

,s. oraiiieiibcrg 

Overgrown 

OvergiowH 

Positive 


S. oraiiieiiborg 

Many 

Overgrown 

Positive 

37. Case (W. Z.) 

38. Case (B. E.) 

39. Case (G. C.) 

40. Case (C. W.) 

S. oraiiienbcrg 

Oecnsional 

Overgrown 

Positive 

S. oraiiienbcrg 

S. urbana 

B. clerb,v 

Many 

Few 

None 

Many 

Occasional 

None 

Positive 

Positive 

Positive 
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(njiir. In cjiscs, llio SS :i'j:iir only wjis jiosilivo, and in five instances, only 

tlie tctralliionatc jiickcd n]i tin* intestinal jiatlio^cns. In two of these five cases, 
the SS and Jlact^onkey asrai-s were overirrown by eoli because too large an 
inocnlnin was used. In one ease only was the MacConkey plate alone positive. It 
will be noted further that SS was as efficient or superior to ilacConkey for all 
but one ease of typhoid and for many tyiies of Shigella and Salmonella. Table 
II illustrates the total number and percentage of positive cultures on the A-arious 
media used, and Table III illustrates the number and percentage of positive 
findings with the various combinations of the tlirec media. 

T.vni.r. II 


Ni-Miir.r. or l'r.i;( r.NTAfa: or Positivk gri.TnrKs With Tin; VAP.ior.s AIedia 



TOTAf. 

1 xi'MBEi: OP positive cri.Trp.ES ox 

OIUJANISMS 


SS 

MAf: 

TETRA 

E. typhoMi 

It; 

14 

7 

11 

•Sh. Sonno 

•» 

•5 

1 

1 

Sli. Flexncr 

4 

4 

0 

0 

Sh. alkalo.-^ocn.-- 

4 

4 

n 

•i 

o 

Sh. atypical 

o 

1 

0 

1 

S. schottniullcri 

1 

I 

I 

1 

S. montevideo 

I 

0 

0 

1 

S. newport 

1 

1 

1 

1 

S. cholerae suis var Kur.cndorf 

I 

1 

1 

1 

S. tvplii murium 

1 

1 

1 

1 

S. oranienborg 

4 

'» 

1 

4 

S. urbana 

1 

1 

1 

1 

S. derby 

1 

0 

0 

1 

'1 dial positive cultures 

40 

34 

17 

27 

Per cent of positive cultures 

ton 

S5 

44.4 i 

1)7.4 


T.able III 

CoMPAP.i.sox or Totai, Po.sitiat; Fixdixg.s With Each Mekiuh and With 
A'ap.ioc.s Combix.vtioxs or AIedia 


1 

TOTAI. POSITIVE j 

PEP. CENT POSITIVE 

SS agar 

.34 

S5.0 

SS plus AlacConkev agar 

.35 


SS plus tetrathionate broth 

39 


AlacConkev agar 

17 ' 

44.4 

AlacConkev agar plus tetrathionate broth 

29 

72.5 

Tetrathionate broth 

27 

67 4 

SS and AlacConkey agar and Tetrathionate broth 

40 

100.0 


It is of interest that SS agar aided in the diagnosis of 85 per cent of the 
positive cases, and the combined use of SS agar and tetrathionate broth allowed 
sucee.ssful isolations in 97.5 per cent of the .studied cases. In contra.st, Ave find 
jMaeConkey agar successful in the isolation of 44.4 per cent of the eases, and the 
combined use of ilacConkeA' agar and tetrathionate broth .sucee.ssful in 72 5 per 
cent of the cases studied. It is of significance that SS agar in conjunction Avith 
tetrathionate broth alloAved us to diagno,se all but one of these fortA- ca.ses 

DI.SCUS.SIOX 

We have run the gamut of culture media for tlie detection of intestinal 
pathogens from feces in our laboratory. As a differential medium, WaeConkev 
agar Avas found to be superior to co.sin-mothylene blue and Endo (the tAA'o mo.st 
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commonly used types of media). Tliis is iu aKrecmonl with (lie iniblislied results 
of Hardy and Watt, Cooper and co-workers, and others. It is (he most clear-cut 
diftereutial medium so far described which supports (he growth of all intestinal 
pathogens and coliform bacilli. The coli colonics are brick red surrounded by a 
zone of in’ecipitated bile. The colonics of Eberthclla, Salmonella, and Shigella 
are xincolorcd and transparent and appear as clearing areas in the prccijiitated 
bile, caused by the coliform organisms. This makes possible a clear-cut reading 
when the plate is not overcrowded. 

As a selective inhibitivc medium wo have found the SS agar superior to 
desoxycholate-citrate (unpublished). This is also in agreement with Mayfield 
and Gober and olhei's. The SS medium gives maximum inhibition of coli with 
nrinimum restriction of the intestinal jiathogens. It was found to support the 
gron'th of strains of Flexner, Sonne, alkalesccns, and an atypical dysentery or- 
ganism, many strains of E. ii/phoxa, and a long list of many types of Salmonella, 
such as S. neivport, S. mouievideo, S. cholcrac suia var. Kuzendorf, S. tyiihi 
murium, S. oranionberg, .S', urbaua, S. acholtmiiUin, and E. dcrhij. This is an 
obvious advantage. Desoxycholate-citrate agar is recommended for the isolation 
of Flexner and Schmidt’s dy.scntcry bacilli but which restricts the growth of 
Shiga, Sonne, and alkalesccns types of j)arady.sentery bacilli. Bismuth sulfite is 
recommended to be superior to desoxycholate-citrate, cosin-methylenc blue, and 
Endo agars for the isolation of E. ipphosa. 

In a veiy small scries of Imown cases and one carrier of typhoid we have 
compared bismuth sulfite, SS and IMacConkcy agars. In all but one case have we 
found SS as efficient or superior to bismuth sulfite agar in isolating E. lyphosa 
from feces, and in that case the MacConkey agar was also positive. Further 
study with these three media will be reported in a subsequent paper. 

In SS agar wc therefore find an excellent selective and advantageous in- 
hibitive medium for the isolation of Eberlhella, Salmonella, and Shigella organ- 
isms. It readily differentiates these three groups and other nonlactose-ferment- 
ing organisms which form opaque, transparent, or translucent uncolored colonies 
from the brick red-colored coli. Of all the inhibitivc, selective media thus far 
described, SS is one medium which is sutficiently inhibitivc to allow a large 
inoculum and which supports the growth of all intestinal pathogens found in 
these studies. 

The tetrathionate broth has been very useful. In five of the thirty-one posi- 
tive findings, the organisms were picked up only in the tetrathionate broth. In 
three of these cases no pathogens were seen in either of the agars used. In two 
cases, both the SS and MacConkey plates were overgrown by coli. Where there 
exist too few organisms in the specimen to be recognized on agar, they may 
multiply in the tetrathionate broth, which inhibits the coli, and then on sub- 
culture, from this broth, the pathogens may be more easily isolated. It is also 
of value in cases where, unfortunately, too large an inoculum is used on solid 
media and, as a result, discrete colonies are not obtained. Tetrathionate broth 
was found to support the growth of many strains of Salmonella, Shigella, and 
Eberthella as listed in Table I. 
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COXrM’SlON 

1. SS !i"ar is an cxrcllenl culture mcdhuu for isolating Eberthclla, Sal- 
monella, and Shigella from feces. It gives fine definition of colony, provides for 
maximum inhibition of eoli. and faeilitatos isolation of intestinal pathogens Avhen 
a large inoculum is used. 

2. If one selective, inhihitivo, solid medium were to he chosen for the isola- 
tion of all intestinal pathogens. SS agar would seem to he be.st choice thus far. 

3. In conjunction with SS agar, tetrathionate broth is of definite A'alue in 
the isolation of Eberthclla, Salmonella, and a few of the Shigella group. 

4. In a small series of ])ositive cases, SS agar was found as efficient or 
superior to bi.smuth sulfite agar in the i.solation of E. tijphom from feces. 

AVo wi^li to tliaiik Dr. .Mfrcil .\.ngr^^t. Patliologist of Queens General Hospital, for his 
many helpful suesestions ami kiml eooperation. 
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SOME SOIJKCES OF EIJEOE IN' SrLFAXIEAMlDK DETERMIXATIONS'’ 


A. II. H. IIui.iiuriiN, M.A., D.Pini.., .\ni> K. E. F.vrrw:. R.A. 
O.MOUl), En(U,ANI> 


T he I^IETIIOOS fomnionly Jidoptfil for tiio dtitmiiidafioii of fho ('oneciit ra- 
tion of sulfanilamide in blood are liable fo on-oi-s arisiii'r from the ne<rleel of 
certain variables vliieh slron<:ly iidlnencc (be vahie.s obtained. Until these 
variables verc tracked down, and the errois dm? to tbeij- neglect eliminated, 
inconsi.slcnl results wore oljtaincd. 

A number of inodifieations of Mar.sliair.s’ original method have l)een pro- 
posed. But, as will be shown later, these have little or no effect on the crrois 
with which this pajier is eoneei'iied. The.se errors arise, for the most part, durinir 
(he diazotization of the sulfanilamide, and, as the modifications to the original 
method are mainly concerned with procedures subseciuent to diazotization, tliey 
do not remove the errors which have already occurred. 

As the particular method employed is therefore unim])ortanf, a simple 
method, based on Marshall’s original method, was used wherever jm.ssible. The 
exact procedure is de.seribcd in the manual of the Evelyn photoeleetrie eolorim* 
cter as follows: 

Take 0.2 e.e. whole blood, and add 7.S e.e. distilled water. Allow fo stand 
for two minutes. Add 2 e.e. 15 per cent tolucncsulfonie. acid. Jlix well and 
filter. Pipette 4 e.e. of filtrate into a colorimeter tube, add 1 e.e. of 0.025 per 
cent sodium nitrite solution, mix well and stand for three minutes. Add 5 e.e. 
of a solution consisting of 1 e.e. dimcthyl-a-nai)hfhylamine in 250 e.e. ethyl alco- 
hol. Read the color developed after ten minutes against a blank made uji witli 
4 e.e. of 2.5 per cent tolucncsulfonie acid instead of 4 c.c. of filtrate. 

Determinations were also made using 10 per cent trichloraectie acid as a 
protein precipitant instead of toluenesuliihonic acid, and 2 per cent triehloracetie 
acid in the blank instead of 2.5 per cent tolucncsulfonie acid. 

The sulfanilamide which was the subject of this investigation was added to 
the distilled water used for hemolyzing the blood in an amount equivalent to a 
concentration in the blood of 10 mg. per 100 e.e. Human blood, kept fluid by the 
oxalate cry.stal method, was used. A filter having a maximum transmission at 
520 mp was used in the colorimeter. 

The most important of the numerical results on which the findings below are 
based are given in Table I. In the column headed “Density” is given 23.S 

^rom mo NufflcUl Department of Surgery. University of O.vfoni, England. 
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Taiii.k I 


TKMr. or 
IHA70T\V 

ItKNSITV 

, M!X, l>lA7,OT*N* 

l W'.NsiTy 

in Aiix. niAzoT’.v 

1 IlKS.SITY 

1 2n MIX. diazot’.v I 

DEKSITY 

r» nr., piazot-n 

■bbbh 


1 T.S.A. 


T.S.A. 

miniL. 

! T..S.A. 

TnrcHf.. 

0” C. 






9.7 

0.7 i 


in' 


7.2 


in.o 

in..'! 

10.5 



2n° 

!>.(> 1 

n.7 

u.r 

in.o 

in.o 

10.0 


7.0 

ur 

o.n 

jn.n 



0.1 

10.0 



L’n° D.s 

n.o 

s.r, 



O..-! 

5.4 



L'lr PS20 





in.o 

10.0 



20“ PSISO 





.ri 

0.0 



•jn' u 

7.1 


1 


9.0 





DS mcnns that tlic dlazotizatlon was carried out in sunlicht. 

rS2ft moans that aflor Ihf- pini: color had developed complotelj-. It was exposed to 20 
minutes or sunshine. 

rsisn means that after the pink color had developed completely, it wa.s exposed to 
S hours of sunshine. 

U means that the nitrite was pently run in and not stirred. 

(2 - logjnG), ivlicrc G i.s tlic porecnlagc traii.smi.ssion of the colorimeter tube. 
Tltc effects of the following variables were studied. 

The Effect of Lifiht on the Dinzo Reaction. — There Avas no perceptible dif- 
ference bctAvcon dia7.o reactions which proceeded in the dark and reactions which 
proceeded five feet away from a 60 watt bulb in a pearl glass shade, under auA* 
conditions of temperature or time of diazotization. But the effect of direct sun- 
light was very pronounced. The sun, in the.se experiments tvas always shining 
from a clear sin-, but, unfortunately, this A-aried con.siderably in blueness so 
that the different densities in the table are not strictly comparable. How im- 
portant the effect of sunlight can be under certain conditions is .shoAA-n hA- the 
fact that one solution AA’liieh liad been diazotized for twenty minutes in .strou" 
sunlight failed to produce any color at all AA-hen coupled to dimethyl-a-naphthvl- 
amine in the dark. Coupling to N-(l-naphthyl)ethylenediamine, in.stead of 
dim ethyl-a-naphthylamine after tAventy minutes’ diazotization in .sunlight eairsed 
a very faint j-elloAA-ish color to appear instead of the usual purplish pink color 
-\s one ATOuld expect, the effect of sunlight is less pronounced if one diazotizes 
in sunlight for only three minutes. 

Once the diazo compound has been coupled to dimethyl-a-naphthylamine 
and the pink color completely dcA'clopcd, twenty minutes’ exposure to .simli^ht 
has no appreciable effect, although eight hours’ exposure changes the pink color 
to a hroAvnish yelloAV. According to Bratton and Marshall,- the pm-pli.sh pink 
cthylenediamine compound is decomposed by STinlight. 

Time and Temperature of Diazotization. — ^All the foIloAving results Ai-ere 
obtained AA'hen the diazotization and the coupling were carried out in artificial 
light. 

For temperatures of diazotization between 0° and 20° C., approximatelv 
the same maximum color Avas obtained on coupling if the diazotization had been 
carried out long enough. For temperatures betAveen 10° and 20° C ten min 
utes Avas sufficient to produce maximum color Avhen trichloracetic acid was used 
as the precipitant, and tAA'cnty minutes when toluenesulphonie acid Avas used 
A three-minute diazotization did not produce maximum color unless the tern 
peratnre Avas raised to 30°. Too high a temperature or too long a time^^f 
diazotization produced some destruction of the diazo compound 
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The Protein Previpitani. — It was found llial witli liinos and tomjfpraluiT.s of 
diazotizatioii whicli wore insunicient to i)rodiice rnaxiniurn color, tricliloracctie 
acid produced sonicwliat denser color than lolucnc.sulfonic acid. IJut wlien the 
time and temperature were sufiicienf to diazntize tlie .sulfaniiamidc fully, the 
same color deirsity was developed in the prc.scnco of either procij)itan(. 'With 
trichloracetic acid, diazotization wa.s more rapid and it was less affected by 
sunlight, too high a temperature and too long a time of diazotization. Hence, 
from this point of view, trichloracetic acid is preferable as a |)recipilant. 

The Keeping Qualities of >iu1faniletmi(lc in the Presence of Trichloracetic 
Acid or Tolucncsulfonic Acid. — The sulfanilamide content remained constant 
when the protein free filtrate was kept in the dark at room temperature for four- 
teen days, with either precipitant. 

The Kccpinei Qualities of the Alcoholic Solution of Dimethpl-n-Naphtlnilam- 
inc. — Perfectly consistent results could he ol)tained with a .solution which had 
been kept at room temperature for a month. The solut ion became .slightly brown- 
ish in this time, but, provided the blank was also made up with this brownish 
solution, the same readings for density were obtained as with a clear, frc.sh 
solution. 

The Keeping Qualities of the Pink Dge. — Provided the diazolized sulfa- 
nilamide was coupled to the dimcfhyl-n-nai)hthylamine in moderate artificial 
light, full color developed in about ten minutes, for temi)eratures of coupling 
between 0° and 20° C. All readings were therefore taken after ten minutes. 
Even after keeping the pink dye in the dark at room temperature for a week the 
color was only .iust measurably darker than after ten minutes. 

Improper Mixing of the Nitrite. — If the nitrile was not properly mixed 
with the protein free filtrate, diminished color wa.s obtained even after a twenty- 
minute diazotization. 

The Dilute Sodium Nitrite Solution. — The dilute nitrite solution (0.025 
I)cr cent) was always freshly made up each n-cck from a 1 i)cr cent stock solu- 
tion. But it was afterwaj-ds found that some 0.025 |)er cent solution of ordinary 
sodium nitrite which had been kept in the dark for four months gave the .same 
i-esults as freshly made up solution, for conccJif rations of sulfanilamide equiva- 
lent to 10 mg. and also to 30 mg. per 100 e.c. Some dilute nitrite solution which 
had stood close up againest a window for throe months also gave the same results 
for 10 mg. per 100 c.c. No test was made with this nitrite solution on any 
stronger solution of sulfaniiamidc. 

There was no difference in the results obtained when using A.K. .sodium 
nitrite, and the results when using ordinary sodium nitrite. 

Excess Nitrite and the Effect of Sunlight. — A very large excess of nitrite, 
.say fifty times the usual excess, will inhibit the formation of the pink dye and 
lead to the formation of a yellowish color instead. ITcnce the excess nitrite is 
often removed with urea. "When 1 c.c. of 0.25 per cent urea solution was added 
to a trichloracetic acid and sulfanilamide mixture which had been diazotized 
for twenty minrites in very strong sunlight, and the whole allowed to stand 
for one minute before coupling, practically no color was developed. Exactly 
the same low color density was obtained when the 1 c.c. of urea solution was re- 
placed by 1 c.c. of distilled water. It was also found that when diazotization 
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liiul Itcon (‘nrriotl out in the (hirk, the cfTcels of 1 e.e. of urea solution and 1 e.e. 
of distilled water were exaetly the same. 

I’sf of N-( J'Nnplitlnjl ) EihpJcncdiamhic . — ^VIlcre a twenty-minute di- 
azotization had taken place in very stron<r .sunlight, a pale yellowi.sh color de- 
volojted on eoui>ling to X-(l-naphthyl)-ethylenediamine in.stcad of the u.sual 
purplish pink color. The removal of the exce.ss nitrite did not change this 
color in any way. Similarly, when the diazolization was carried out in the dark, 
the removal of the ex<-ess nitrite had no effect. 


uiscus.siox 

Our results differ from those of previous workers in certain iiarticidai-s 
of ])ractical importance. 

The most important result is the cftcct of sunlight on the diazo reaction. 
This does not seem to have been noticed before, possibly beeaii.se diazotization 
for only three minutes is the usual practice. Unless the light was .strong it.s 
cficct in this amount of time might escape detection. Nevertheless the effect of 
light in tropical countries under camp conditions Avould be of the ntmo.s-t im- 
portance whatever the time of diazotization. 

IMarshalP found that diazotization of sulfanilamide Avas practically com- 
plete in one minute, and no significant difference in color Avas obtained if the 
reaction Avas alloAved to proceed for eight minutes. This does not agree Avith 
our results. A po.ssible explanation is that Mar.shalUs AA-ork may liaA-e been car- 
ried out at a room temperature considerably higher than usually obtains in 
Britain. 

It is the general practice in diazotization to keep the temperature beloAv 
5° C.. as most diazo compounds decompose rapidly aboA-e this temperature. The 
naphthylamines and nitroanilines, hoAA-cA'cr, may be diazotized at room tem- 
perature AATthout loss of A-ield. Sulfanilamide also appears to haA'e a diazo com- 
pound Avhich is comparatively thermostabile. 

As, in our experiments, only free .sulfanilamide was present, our results 
refer strictly only to free sulfanilamide determinations. Methods of determinin"- 
total sulfanilamide are described by A’arious workers. They are similar to the 
method giA'cn, except that the sample of blood or the protein free filtrate is 
boiled for about an hour either Avith the protein precipitant or Avith hA'dro- 
chloric acid. This has little effect on .subsequent operations, so that our r&sults 
may be taken as applying AA-ithout serious modification to determinations of total 
sulfanilamide. 

We found that both trichloracetic acid and toluenesulfonic acid are .satis- 
factory as protein precipitants. IMarshalF found that both Avere .sati.sfactorA' 
for free sulfanilamide, but that trichloracetic acid was un.sati.s-factory for total 
sulfanilamide because, OAArng to the decompo-sition taking place during boilino- 
it did not fully hydrolyze the conjugated compound. Hence Abrahamson< boils 
the filtrate Avith hydrochloric acid after precipitating the proteins AAith trichlor- 
acetic acid. 

INIai-shalh recommends that the dilute nitrite solution .should be fresh! - 
prepared, and that exceedingly pure nitrite should be used. We find the.se ' 
cautions unnecessarA-. ' 
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^lar.sliall and Ijitclifii’ld'’ projinso errliiin inijirovfincnl.s in tlir inrtiiod, viz.. 
I'cinoval of oxccss nilrilo witli aminoniuin sidfainati*. and iinflVnnv; of (lie rcaftion 
mixtiu’C with acid Hodinin jiliosidinle. Kalish and Jiullmva'’ nso nri'a to mnovv 
the oxcc.'^s nitrite. We have found that the moderate exee.ss of nitrite reeom- 
mended in lilarshall’s ori<;inal jiaper lias no ineasnrahle effeet in any eireiiia- 
.stancos in which we have made tests. ]| would certainly he surprisin',’- if, when 
the diazotization i.s ineomjdete due to too low a temjieraturc or too short a lime 
of diazotization, the removal of llie excc.ss nitrite or of any other of the sufriie.sted 
modifications of the original nu'thod eomideted the diazolization. lienee the tiaie 
and temperature relationship.s •.dven in Taldc I will remain the .same. 

In their latest metliod Bratton and Mni'shall" use N-(l-naplithyl)-ethyleue- 
diamine as eouplinir afrent. Here they note tlie effect of lidil on th(’ eniapleted 
dye, hut not on the diazo eomjiound. 

Mai-shall, Emci-son and ('uttiii''" find dinVrences of 2-3 jier cent hetween 
duplicate determinations. The fiijures piven in the talile have at least this de- 
gree of accuracy. 

CONCnU.siON.S 

The generally recommended iireeaulions have little or no effect in remedy- 
ing the errors which often arise in the measurement of sulfanilamide. Thc.se 
errons are usually due to the fact that the diazo comiiound of sulfanilamide is 
very easily decomposed by light, and to the fact that, unle.ss the room temper- 
ature is very high, diazolization is incomplete in three minutes, which is the 
usual time. 

If fhe diazolization i.s incomplete, its dependence on time and temperature 
is very marked. Hence in order to avoid the nece.ssity of accurate control of 
both the time and the temperature, the diazolization .should proceed until it is 
as nearly complete as ]m.s.sihle. Thei-cforc, if ti-icldoracetie acid is used as the 
jwotcin preei]»itanl. diazolization siioidd proceed for ten minutes at lemiieratures 
between 0° and 30° C., but if toluenesulfonic acid is used, twenty minutes is 
ncccssar.v. 

SUMMAUV 

When sulfanilamide is estimated by forming a diazo compound and coupling 
to dimcthyl-a-naplithylamine or N-(l-na])hthyl)ethylenediamine, if i.s recom- 
mended that the diazo reaction .slionld proceed at i-oom temi)eraturc in moderate 
artificial light for ten minutes in the presence of 30 per cent trichloracetic acid. 
AVith 30 per cent toluenesulfonic acid twenty minutes is necc.ssary. The coupling 
reaction .should also be performed in moderate artificial light. 

The cfliect of sunlight might be very im])ortant when making determinations 
in tropical countries under camp conditions. 

Wc should like to thank Mr. O'Brien and hlr. lliggin.s- of flic KadelilTo Infirmary 
for thoir valuable critici.sms and as.<ii.stancc. 
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A SniPLE CHAllBEK FOR KSTLMATION OF SERUM pH WITH A 

OI.AS.S EI.ECTRODE^ 


Ai.krkd H. Fkkk, Ph.D., Ci.kvklaxd, Ohio 


T he development of llie glas-s electrode lia.s led to it.s widespread u.se in the 
determination of pH or hydrogen ion concentration.* This electrode has 
been suece.ssfully employed in the inea.surement of the pH of blood, serum and 
pla.sma.-''* Recently many manufacturers of laboratoiy apparatus have placed 
on the market portable pH meters -which are adapted for use with gla.s.s 
electrodes. 

In the estimation of pH of blood, serum or plasma it is essential that the 
measurements be carried out in a closed chamber to prevent loss of CO, which 
iHll in turn cause changes in pH. Methods of handling blood to prevent CO, 
losses have been adequately discussed.^’ ' The present report describes a simple 
chamber which can be used with a glass electrode in the determination of pH 
of blood seimm. 

Descriptimi of Chamber . — The chamber is made from a four-way glass stop- 
cock in Avhich the four outlets are in the same plane at right angles to one an- 
other. The plug of the stopcock has a bore such that any two adjacent outlets 
can be connected. The outlet tubes have an internal diameter of 1 mm. and 
6 mm. external diameter and the plug of the stopcock has a 1 mm. bore. Such 
stopcocks are available from manufacturers.! 

Onto one of the outlet tubes (Outlet II) is fused a larger tube which has a 
length of 30 mm. and an inner diameter of 13 mm. A larger tube (10 mm. inner 
diameter and 15 mm. long) is also fused onto the adjacent outlet (Outlet III) 
which is then bent at right angles as shown in the photograph (Pig. l).i 

The chamber can conveniently be seated and fastened iHth rubber bands 
to a pr ong of wood which is attached to a small ring stand. The bulb tj-pe glass 

Clevellnd?™ Department of Biochemistrj-. School of Xfedicine. Western Reserve Universifr, 
Received for publication. September 15, 1942. 

tAce Glass Co., Vineland, N. J. : Coming Glass Works, Corning, x Y 

tA chamber with these specifleations was made for the author* hr t,- . 

Glass Works. Inc., 1975 E. 65th St.. Cieveland. Ohio. auinor bj the Dietz Chemical 
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electrode is filled into tlie iijiiier rliaiiilxT oi' lliitlcl 11 l>y means of a nilik'r 
collar ])laced around the neck of tlie ^iass electrode. This collar can eoiiveiiiciitly 
be made I'roni a rubber stojiiier or a piece of pre.ssure ftibin": and slioiild be air- 
tight. A piece of 20 gautro .syringe needle is placed Ibrongb (lie collar to .serve 
a.s a gas exit. This exit can be readily elo.sod by sticking a small cork on the 
needle as is shown in the ])hotograph. The calomel half cell is connected to the 
side chamber by means of a rubber stojiper. A small piece of rubber tubing is 
connected to tlie horizontal outlet tube (Outlet I). When the ghuss electrode 
and calomel cell are connected to the pH meter the instrument is ready for use. 



Fig, 1. — Chamber for determination of serum pH. /, Stopcock Outlet I for Introducing 
serum sample. //# Stopcock Outlet II contalnlnc ciminbor Into whicli bulb type glass electrode 
is inserted. ///, Stopcock Outlet 111 containing chamber for attaching calomel half cell. 
IV, Stopcock Outlet IV which sci’ves to carry away waste KCI and waste mineral oil. a, Cham- 
ber containing serum ready for mcn.siirement. b. Glass electrode. The bulb can be seen in the 
serum chamber, c, L»ead to pH iiicter from gla.ss electrode, d, Hclllgc calomel half cell, 
c Lead from calomel half cell to pH meter. /, Syringe In jiosition for introducing sample. 
g Ring stand witli small j)rolonged wooden block for holding chamber. 


The chamber described has been used exclusively with a Helligc pH meter,® 
a Hellige calomel lialf cell, and a Helligc bulb type gla.ss electrode (diameter of 
bulb 10 mm.). However, so far as can be ascertained, there is no reason why 
the apparatus could not be used with other instruments. It would no doubt be 
desirable to change the size and shape of the ebamber housing' tlie glass electrode 
if the glass electrode used were of a different design. 

niellige electrometric pH meter with ran^e control. 
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Method for pll Dctcroiinuiiou. — Using a 5 c.c. syringe which contains ahont 
1 o.c. of mineral oil and no air hubbies, 2 c.c. of scrum is drami into the barrel 
of the .syringe. The .syringe is inverted so that the oil rises to the top and the 
needle is removed. The syringe is connected wtli the rubber tube on Outlet I 
and the slopeoek turned to connect Outlets I and IV. With the syringe still 
inverted the oil is discharged through Outlet IV into a waste container. By 
carrying out tliis operation slowly the stopcock can be turned to connect Outlets 
I and 11 as noon as serum ]-oaciics the stopcock. The serum is forced into the 
chamber Itousing the glass electrode. The stopcock is then turned an eightli of 
a revolution to the right and a small cork placed over the end of the syringe 
needle which serves as a gas exit. The .stopcock is then turned to connect Out- 
lets II and III and the reading of flic pH is made in this po.sifion. The stopcock 
is then turned to connect Outlets III and and approximately 2 c.c. of satu- 
rated KCL solution allowed to flow through the calomel half coll and out into a 
waste container. The serum is then allowed to flow out of the chamber by turn- 
ing the stopcock to connect Outlets I and II and removing the stopper from the 
needle. 

It has been found that if the serum drains completely there is no neeessitv 
to rinse out the serum chamber when a series of serum pH determinations are 
being made and the variation between samples is not more than 0.15 pH. It 
has furthermore been found that the loss of CO^ from the serum when it is bein'^ 
introduced into the chamber is negligible. This has been found by introducing 
a sample and measuring its pH and subsequently withdrawing it through the 
needle exit while the second sample of the same serum is simulfaneouslv being 
introduced. By this technique duplicates check to ^vithin 0.01 pH as thev do 
when carried out in the conventional manner. 

With care mineral oil can be kept out of the chamber and hence off the 
glass electrode. However, a small amoimt of oil deliberately introduced into 
the electrode chamber does not give a value different from a duplicate in which 
no oil is present. 

For serum pH studies a convenient reference buffer i.s a Yi- W. phosphate 
buffer with pH of 7.38 at 38° G.^ The buffer is .standardized by exactly tlie 
same operations used for the serum. 

In order to avoid temperature corrections the chamber and electrode s\'stem 
as well as the pH meter are kept at 38° C. This has been accomplished by keep- 
ing the whole outfit in a room at 38° C. or by placing the outfit in a large themo- 
stat box maintained at 38° C. 

sonrART 

A simple chamber made from a four-way glass stopcock has been described 
for use with a glass electrode and pH meter in the determination of serum pll 
The technique for measurement of serum pH with the chamber is described 
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NOTE ON Tni‘] OETEHMINATTON f)F "CTTRIN” 


IN 


liEJWN PREPARATIONS® 


Arthur E. Ooedi'ahi!, Erxust Rur:Dt.\-u, M.D., a.nt> Pmu.ii’ Karp, B..S. 

NI'Av York, N. V. 


T he cxpnndiDg use of lenioii exlniet eonltiinin^^ .so-ftilled “Viltimin P” or 
“lemon citrin” in tlic trcjilinent of p.sorinsis’ makes it of inlcre.sl lo de- 
termine the “citrin” content of tlic lemon preparation used. 

It was observed that in the determination of “citrin”- tlie rcddisli-lirowii 
color produced by addition of alkali to lemon ])roj),‘irations wa.s increased by 
heating the samples for two minulc.s at 100° C. Since caiPoliydratcs produce ii 
brown color on heating Avitli alkali (Itloore’s reaction), it \vii.s investigated 
Avhether the presence of sugar interferes willi tlic determination of “eifrin,” 
and an attempt was made to eliminate this itossible source of error. 

The preparation of lemon extract was c.ssentijilly the same as described by 
Lorenz and Arnold,^ except that in one series of experiments the lemon peel w;i 5 
extracted without cooking. 

J^voccd.ufc. In modification oi the method dc.seribcd bv Lorenz jnnl 
Arnold,^ the following procedure was used for the assay of “citrin” in lemon 
preparations : 

To the solution to be atialyzed, an equal volume of alcohol (95 jicr cent) 
is added and the mixture filtered. The filtrate is diluted with 50 per cent alco- 
hol so that the color intensity lies within the optimum range of standard 
eriodictin solutions (lemon peel extract 1;100, lemon .iuice 1:20, final product 
being a mixture of both, 1:50). Eight-tenths c.c. of 25 per cent KOH is then 
added to 9.2 c.c. of this dilution and the color produced is read in the Klctt- 
Summerson colorimeter using filter No. 42, at which time maximum color de- 
velopment OCCUl’S. 


»From tlie Departments of Dermatologj- nnd Medicine. New York TTnivn..cH,. 

Medicine, the Dermatological Service of the Third (New York Universitvl''M<.!!iV..i^?vi?.?fir,n^ 
and the Medical Setndee of the Psychiatric Division. OJellevue Hospital 

Aided by a ^ant from The California Fruit Grower's E-tchange Inc Mr tod.k'r... i 
Lorenz Director of Research. me.. Mr. Antliony J. 

Received for publication, Sept. 18, 1942. 
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Detci'iuiniitions of eriodicliii solutions (A52) of known concentration 
.showed tliat the oi)tininm range fall.s between 0.01 and 0.2 mg. eriodiclin per 
cubic ccnlimclcr in wiiich a straight-line relationship is observed between con- 
centration and colorinietei’ reading. 

Effect of Glucose on Colorimetric Determination of ‘^Citrin.’* — It was 
found that both lemon .iuiee and lemon peel c.xtract contain about 1 per cent 
of fermentable reducing monosaccharides. While this amount of glucose (0.05 
per cent in a dilution of 1 ;20 of lemon juice) Avlien added to standard eriodictin 
solutions does not produce any eolor reaction, a measurable color is produced 
with the above procedure after heating for two minutes. On the other hand, 
in all lemon preparations the apparent “citrin'’ value was higher after heat- 
ing for two minutes than in the unheated .sample. This indicates that on heating 
the samples, glucose and possibly other substances interfere with the "citrin” 
determination and, therefore, give higher values than correspond to the true 
"citrin” content of the lemon preparation. 

Effect of Cooling on ''Citrin'^ Content of Lemon Peel Extract. — The col- 
orimetric determination of the cooked extract gives significantly lower values 
than the uncooked, indicating that some “citrin” is destroyed on cooking. The 
uncooked extract was obtained by allowing the ground peel to stand in cold 
water at room temperature for twenty-four hours or more. 

“Citrin” Content of Lemon Juice. — A measurable quantity of “citrin” can 
be found in lemon juice; its concentration is about one-sixth of that contained in 
the uncooked peel extract. Whether the compound found in lemon juice has 
biological activity is yet to be determined. 

When lemon peel extract and juice who.se “citrin” contents have been de- 
tcmiined separately are combined, the determination of this mixture melds the 
“citrin” value calculated from the figures for each component. 


.StrM3r.VRY 

1. A modification of the method of Lorenz and Arnold for the determina- 
tion of “citrin” in lemon preparations is described, and the interference of 
glucose is eliminated by avoiding heating of the solutions after the addition of 
alkali. 

2. A more efficient extraction of “citrin” from lemon peel is obtained bA' 
extracting in the cold instead of by cooking. 

3. Lemon juice contains about one-sixth the amount of “citrin” found in 
lemon peel extract. 
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DETET?]ilINATTON OF UFIC ACID IN WHOLE BLOOD AND ftElU'M' 


.). W. Pii.D., Ci,i;vi;i-ANi>, Oiiut 


A STUDY of the uric acid content of Hie hlood was nnderlahen with the 
threefold purpose of .seleetin*; a practical method for clinical determina- 
tions using a photoelectric colorimeter, establishing the norma! range for uric 
acid by this method, and ascertaining the relation between tlie uric acid content 
of whole blood and of serum. 

The colorimetric method of Benedict and Behre' on the silver chloride 
fdtrate, while a most satisfactory method for a visual colorimeter, is unsuiled 
to the photoelectric colorimeter since it must be read while hot. The method 
proposed by Brown" depends on exact timing, and with the great .sensitivity 
of the photoelectric in.strnrnent the changes are .so raiiid as to preclude reading 
checks. That of Newton,^ in addition to rather elaborate reagents, did not give 
a curve that could be duplicated with successive determinations on the stand- 
ard. iVlthough Folia’s method,"' iicrmits the development of the color at room 
temperature, it requires too much time in the iirejuii-ation of reagents to be 
available for clinical use. Wo therefore turned back to the simple, .short, but 
direct method of Benedict,’ to which we applied the uriense treatment of Blanch 
and Koch.® Since uricasc destroys uric acid, the color developed after the ad- 
dition of uricase reprc.sents impurities. This value subtracted from the un- 
treated findings gives the true uric acid content. 


MKTllOI) 


To .separate 1 c.c. .samples of whole blood and scrum was added 2."» mg. 
uriea.se powder. The tubes were then cajiited and allowed to incubate for two 
hours in a water bath held between 40 and 48 degrec.'.s 0. h'ollowing incubation, 
the specimens, together with fresh 1 c.c. samples of the same whole blood and 
serum, were precipitated with 1 c.c. 10 per cent sodium tungstate, followed by 
S c.c. Vi 2 normal sulfuric acid. After thorough stirring, especially with the 
incubated tubes, they were allowed to stand ten minutes, then centrifuged. 

A 2 c.c. aliquot of the clear supernatant fluid was pipetted into tubes and 
diluted to 10 c.c. with distilled water. To each was added 4 c.c. 5 per cent 
sodium cyanide, followed by 1 e.e. arseno-phosphotungstic acid. The tubes ivero 
inverted once and placed immediately in a boiling water bath for three minutes, 
removed from the bath and allowed to stand about one minute at room tem- 
pei'ature, one minute in cold water, and were read after a total of three mijn 
utes and within the next five. A 650 m/t filter was used, reading on a logarith- 
mic scale. Too rapid cooling or delay in reading usually resulted in clouding. 


Ni ™ laboratory of the Maternity Ho.'spital and the Department of Biochemistry, 
=,/rn R^erve University School of Medlcfne. 
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TIio f) ]H'r (“Flit sodium cyjinide was made up in walor fionlainiii" 1 c.c. eon- 
centratod ammonium liydroxidt' ]>or nOO c.f. The ai'scno-pliospliotungstie acid 
was prepared by dissolving: 100 (Jm. sodium tungstalc in 600 c.c. water, adding 
aO Gm. pure arsenic penlo.xide. 2;") c.c. .syrupy plio.sphoric acid (85 per cent 
lljPO,), and 20 c.c. hydrochloric acid in a liter fla.sk. Tlie mi.xture was boiled 
20 minutes, cooled, and diluted to 1 L. This reagent keeps indefinitely. 

Tlie standard was prepared as recommended by Benedict and Hitchcock,' 
and contained 0.2 mg. jicv 1 c.c. This keeps at room temperature about one 
month if tightly stojipercd and only opened infrequently. For use, 1 c.c. was 
diluted to 100 c.c. Samples of 1, 2, 4, and 5 c.c. of this diluted standard, cor- 
responding to 1, 2. 4, and 5 mg. per 100 c.c. of blood, were used to establish a 
curve, plotting the elect ro])hotometer readings against the concentrations. This 
curve was found to alter slightly with succes-sive daily readings, and it was found 
neee.ssary to rciieat it eveiy third day, using freshly diluted standard. The 
points on these curves invarialily plotted in a straight line, the alteration being 
due to change in the 5 per cent sodium cx'anide solution. Neither using different 
brand preparations of cyanide nor the addition of urea prevented this altera- 
tion, which was quite probably due to change in the ammonia concentration. 


RESULTS 

Employing the method as outlined, we e.xamined fifty-one male medical 
students, twenty-two normal young women, and thirty-seven normal women in 
the last trimester of pregnancy. A complete summary of tlie findings on the 
male group is given in Table I. The means for the whole blood and serum uric 


T,\ble I 


Ukic .\cid DETER^tI^^vTIo^•s ON 31 He.vltuy Young ALci.e.s 
(Values in ililligrams per 100 c.c. Blood or Serum) 


Whole blood 1 

MKAX 

S. 1). 

R.VNGE 



U.7i 

2.05- 5.13 

AVtiole blood plu.> uricu.-e 

1.07 

0.51 

0.65- 2.67 

True uric acid 

1.92 

0.5S 

0.76- 3.02 

Serum 

4.30 

0.92 

2.46- 6.14 

Serum plus uricase 

1.07 

0.42 

0.23- 1.91 

True uric acid 

3.23 

0.60 

2.03- 4.43 

Hemoglobin 

15.51 

1.23 

13.05-17.97 


ENCEP nON.S 
2 low, 1 liigh 

0 low, 2 high 

1 low, 1 high 

2 low, 0 high 
0 low, 1 high 
2 low, 0 Iiigh 
2 low, 0 liigh 


The range is determined by adding and subtracting 2 limes the stand„r-,i ; 

the mean; theoretically it includes 95 per cent of all determinations. ^ denation from 

Correlation of the direct uric acid values of the whole blood and serum is plus 0 g — 
Correlation of the true uric acid values of the whole blood and serum is plus 0 S 9 °'' 
Correlation of the direct whole blood uric acid values and the hemoglobin is minuv’ 0 139 


acid, each of which is well over four times the standard deviation (S D ) ar 
significant, although the values are somewhat closer than had been anticipated^ 
^Moreover 95 per cent of the determinations made fall within the rau<re accordin'^ 
to statistical theory. There is some que.stion, however, as to the significance of 
the means of the wliole blood with uricase, the true uric acid of the whole hi 1 
and the serum plus uricase, which are only about three times the standard 1 ’ 

ation. The hemoglobin values are definitely significant, as the mean is well 
twelve times the standard deviation. In tlie indirect method the corre at''^'' 
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figure of plus 0.S9 l)el ween the iunounl of Irue urie neid in tin; wiiole blood and 
the amount in the serum indicates a definite relationship between the two. There 
is likewise a relation between the urie acid of the whole blood and of the .serum 
in the direct metliod, witli a correlation figure of jdns b.K')?. On the other hand, 
there is no relation between the urie aei<I of the whole blood and (he hemoglobin, 
with a coiTclation value of minus O.Kfi). 


TAui.r. If 

Co.MiiiKKti tJaie .\< n> Pikiuncs ok .'>1 Mai.ii.s aku I'lnr.M.r.s 
(VnlilOH in per 100 or SVriitfi) 



MKAN* 

S, iK 

ilAN'rJK 1 

i;x<'i:i*TK)KS 

Wliole lilood 


0.707 

11.1 1 •I.*' 1 

11 low, 1 lii(;!i 

True uric acid 

1.T7 

0..'»(!.‘» 

O.Ol-lMif) 

0 low, 1 Iiih'li 

.Scrum 

•I. 11 

o.sr.o 

g.ll-.S.S7 

o low. 0 hiflli 

.Serum plus urica.'-e 

1.111 




True uric acid 

‘J.ll.'i 

o.7;:i 

l.I.'-'-I.lL’ 

1 low, I liigl) 


Correlation of direct .‘^eruni uric acitl and the ."crnrjj plu.t ijricii>5*‘ vnJue.*3 I.h phi.'* 0.233. 
Corrolalion of direct whole nn<! tnu* uric acM value** !.►* pIuK 0.737. 

Correlation of direct .«enun and true •c«*nnii niic achl vahn ** Is pjiis 


A very brief summary of llie eombiiHs! fimiiiigs of the young men and 
women are given in 'I'able 11. Tiie.se means, from three to live times their re- 
spective standard deviations, are all signifieanl. The range.s, while .somewhat 
more restricted than those for tlio men alone, have no more. exeei)tions than 
were found in Tabic I. 

The most interesting observation is the correlation found between t!ie urie 
acid as determined in the whole hl<)o<l and the true uric acid, plus O.tlal. Tliis 
would indicate that, although there .seems to I)e no ixdation between the direct 
determinations of uric acid and the impuritie.s, as for p.xamplc, llie correlation 
value of plus 0.333 between scrum and scrum ])lus uriease, there is a definite re- 
lation between tlic direct determinations and the true uric acid. One is tlicre- 
fore justified in using llio direct method on eiliier wliole blood or .serum, pro- 
vided only that the results are compared with the normal range estabiislicd by 
this method. 

TABi.n III 

Dktkumik.vtiox.s o.k :\7 Wo.mek i.v the I..\.st Ti:i.mesti;i: oe Pueckakcy 
(Values in Miiligrams per 100 o.e. — Voluiiies in I’er Cent) 


— 

MKAX 


KAXOK 

KXCEPTIONS 

. Urie acid in wliole blood 

S.'Jl 

O.tiis 

1.90- 4.i)0 

3 low, 3 high 

True uric acid 

3.39 

0.501 

O.IS- 2.20 

1 low, 1 high 

Uric acid in scrum 

3.59 

0,94 

3.73- .5.47 

0 low, 3 high 

True uric acid 

2.24 

0.7()1 

0.72- 3.70 

0 low, 2 high 

Hemoglobin 

10.53 

3.2S 

7.97-33.09 

0 low, 0 high 

Bed cell volume 

32.(10 

:!.94(i 

24.70-40.50 

0 low, 2 high 


Correlation of direct uric acid value.s in tlie wliole blood .and the red cell %’olunio i.s minu.s 
Correlation of the direct uric acid values in tlio .serum and the red cell volume i.s nilnii.s 


Correlation of the direct and true uric acid values of the whole blood i-s plus 0.S9. 
Correlation of the direct and true urie acid values of the serum Is pins 0.97. 

Table' III summarizes the findings on pregnant women in the Ia.st trimester. 
Here ao’ain the whole blood and .sernm uric acid means arc four to five times 
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their rospootivo stniul.nrcl doviations, anti Ihoroforc significant. While those 
of the true uric acid hy the indirect method are of less definite significance, 
tlieir range includes tlie tlieorotical proportion of the determinations. Both the 
liemoglohin aiid red cell volninc means are definitely significant. Tliere is no 
correlation bettveon the nric acid either of the •whole blood or of the .serum ■v\'ith 
the red eeli voUnnes. Tiiere is. however, excellent correlation between the whole 
blood and true nric acid, and bettveen the .serum and true uric acid, nith valnc.s 
of ]dus O.Sn and plus O.DT resjiectivel.v. 

In view of these findings, jiarticularly that of the apparent correlation be- 
tween the whole blood and .serum uric acids, it would appear that uric acid 
determinations on whole blood arc fully .iustified. The complete lack of cor- 
relation between whole blood ui-ic acid and cither hemoglobin or red cell vol- 
ume, and also the absenee of correlation between the serum uric acid and the 
hemoglobin oi- cell volume confirms the belief that it is unncccssan- to use .serum 
for uric acid. 


T.\ble IV 

I'nic .\,< in Dirrr.r.Mis.vTioss ox IxDivrnir.M, Pp.kgx.vxcy C.vses 
(Value.® in Milligrams per 100 c.c. Blood or .Serum) 


n.\TE 1 

nrnnrT 

wiioi.i: 

BLOOD 

TREE 

WHOLE 

nt.OOD 

WKECT 

SFHlCSt 

TRUE 

SERUM 



6.75 


9.30 


N'ear term 

4/2.';/42 

5.40 

2.40 

7..S5 

oAo 


5/ 0/42 

.3.30 

1.40 

5.45 

3.95 


W. fJ. 9/ 2/42 

o.on 

1 .♦> 



1 Aborted ut about S 

9/ S/42 

3.20 




1 weeks 


Table IV is included to illustrate fiu-ther the correlation between the direct 
determinations of uric acid in whole blood or serum and the pure uric aeid values 
found by the uriease method, even when the uric aeid retention is above normal 
The fii-st case, D. M., was a diabetic near term ; the .second, W. .S., had suffered 
a spontaneous abortion at about eight weeks, due to an Eh reaction, vith a re- 
sulting retention that raised her blood urea nitrogen to 115 mg. per 100 e e In 
both cases the ratio of the values obtained A\ith Benedict's direct method to the 
true uric acid values during retention is proportional, -within the limits of cor- 
relation, to the ratio of the same determinations in the noi-mal range. This 
further .justifies the emploj-ment of the direct method. 

SUADLVR'S: 

The direct method of Benedict was found most suitable for determinin'^ 
uric aeid with the photoelectric colorimeter. ^ 

Either whole blood or seram may be used since there is a direct correlation 
between the findings. 

There is also excellent correlation between the direct whole blood or serum 
deteiminations and the true uric acid findings made uith the aid of uriease 

Eanges have been established for uric acid by both the Benedict T f 
method and the same method, after correction uith the aid of uriease. for both 
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QUANTITATIVE DETERMINATION OF BILE PIOME.NT IN THE 

URINE® 


A CoMPAR.mvE Studv a.m* DFRCitii’rio.v or a Rafio, Dirfft, I’MOTOcoi.oinMirrRic 

Min'iion 


Kari, SiNdFR, M.D., AN!) R()s\ KuitiN, I’u.D., Boston, .Mas-s, 


D uring the last few years several methods for the (inantitative detorminn- 
tion of bile pigment in the urine liavc been jiublishod. Althougli siieh 
determinations may at prc.sont tipjtear to iic of lint limited diagnostie, value 
in the clinical study of liver diseases, they arc of great imiiortancc for in- 
vestigations of the licmoglobin and bile ])tgmenl metabolism in patients tind 
experimental animals (renal biliary ti.stula dog’). Obviously, any quantitative 
determination of lu-inary bile pigment excretion sluinld attempt to inelnde all 
bile pigment compounds wbicli could ])ossibly be present. According to tlic 
view of Lemberg,- the primary bile pigment (not linked to globin) wbicli de- 
velops in the course of hemoglobin catabolism, i.s not bilirubin but biliverdin 
(dehydrobilirubin). This substance, however, is immediately and completely 
reduced to bilirubin in tlic body, at least in man and dogs. In certain other 
species (frogs, birds) lhi.s reduction does not occur, and the color of the bile 
therefore is not biwn but bluish green.-’’ Under certain pathological conditions, 
e.g., in starvation (Thicrfeldcr'*), the reduction of biliverdin may also bo in- 
complete and then the bile is compo.sed of a mixture of both pigments. Further- 
more, when bilirubin containing urine is exposed to light and air, a rapid, 
secondary reoxidation to biliverdin and sometimes to even liigher oxidation 
products (choletelin) occurs. Thus, determinations of bilirubin onb', are apt 
to give an inaccurate picture of bile pigment excretion. 

At the present time the available quantitative methods for urinary bile 
iiicrments can be classified in tAVO different Avays. (1) according to the type of 


•TV the Department oC Clinical Patholosry. Midcilesox University, AV^nltliam, Mass. 
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plioinionl ronotion usofl for tho dplcnnination; (2) in regard to the preceding 
preparation of the nrine for the performance of this chemical reaction, i. e., 
either separation of tlie Inlc ingments hy precipitation, or direct determination 
in the nrine witliont any preparation. As hiliverdin cannot he diazotized, 
methods emplnyinfr the van den Rergh reaction determine bilirubin only 
(Goodson and Rheavd,' Scott,'’ Jendras-sik and Czikc," and othere'). If oxidation 
reagents arc used, hiliverdin bc.side.s bilirubin is included in the rc.sult (Hooper 
and \Vhipple,'' Rous and McMa-ster,’" and Knutti, Hawkins and "Whipple” 

A.S the varying color of the natural urinary bile pigments (lU'oerythrin, 
urochrome, urobilin, etc.) interferes with the color obtained from the interaction 
hetween the bile pigments and the added reagents, most methods first separate 
the bile pigment compounds. Various precipitants are employed: calcitim 
chloride (Hooper and ^Vhipplc'*), barium salts (ScotV), trichloracetic acid 
(Kcrpolla”). Such a precipitation is time consuming and increases considerably 
the inaccuracy inherent to any chemical performance. Recently Good.son and 
Sheard*' found a way to avoid precipitation by excluding the disturbing natural 
l>igments by means of an appropriate filter in the photoelectric colorimeter. This 
elegant method, therefore, permits a direct deteimination. Goodson and Sheard,® 
however, used the diazo reaction in their studies. Since we believe, for reasons 
which have ah’eady been broached, that oxidation methods are to be preferred 
in determining urinary bile pigments, we have worked out a direct photelometric 
method. This method is presented in this paper together with a comparative 
study of tho other types of methods available for quantitative determination 
of urinary bile pigment compounds. 


METHOD 


Hammarsteii's” reaction was used for the oxidation of the bile pigments. 
This reaction consists in the development of a persistent greenish-blui.sh color, 
Avhen a mixture of hydrochloric and nitric acid in ethyl alcohol is added to 
fluids containing bilirubin or hiliverdin. The reaction is quite analogous to the 
Gmelin test, but has the advantage that the oxidation remains an'ested at a 
certain level and does not rapidly proceed further to colorless compounds as 
is the case in the Gmelin test. This makes HammarstenV’ procedure suitable 
for colorimetric purposes. 


Solutions Required.— {1) Hammarsten's reagent: the stock solution is pre- 
pared by mixing 19 parts of a 25 volume per cent hydrochloric acid with 1 part 
of a 25 volume per cent nitric acid. After twenty-four hours the stock solution 
is ready for use and then keeps indefinitely. For each test, 1 c.c. of the stock 
solution is diluted with 4 c.c. of absolute ethyl alcohol. (2) Blank solution • 
7.5 c.c. of concentrated hydrochloric acid are diluted with water to make 1 Rter' 
Proceditre.—The pH of the urine should first be tested Arfth nitrazine paper 
If the pH is higher than 6, a few drops of glacial acetic acid should be added 
to obtain an acid urine. Two test tubes or two graduated 10 c.c cylinders are 
designated as ‘-blank" and "test” respectively. Into each tube'l to ^ e c 
of the centrifuged or filtered urine are then poured and 2 c.c. of 95 ner r t 
alcohol are added, the contents arc then ivell mhxed bv rot-,t5n,r ii * 

Thm to tl,o -btanlt” tul.o 2 0.0. of the blaok roagora« oXrZ. 

tbp “te!5t” tube 2 c.c. of the diluted Hammarslon reauent. Both solufions^”ft*” 



1044 


Tin: .lOI'ItNAL OI- L.MtOUATOUV AM) CMNICAI, MKDICIM; 


mixing ;igain, arc Further diluted up to 10 c.c. by means uF aleohol. Tlio liluisli- 
gi’cenish color develo])s readily in the “test” tube and reaches its maximal in- 
tensity aFtcr two to five minutes. In the “blank,” eloiidiuess caused by the 
precipitation oF .salts by the alcohol, may .sometimes be noticeable. In this ease 
the solution is filtered until completely clear. Occasionally it may be difliciilt 
to obtain a clear filtrate, in which ease the “blank” may be prepared with dis- 
tilled water instead oF aleohol, without influencing the colorimelrie evaluation. 

Fi.shcr’s ])hotoelcetrocolorimeter (mieroset) was available in our laboratory. 
The red filter (fiaO m/i) was used. AlthouL'li no special speclrophofometric 
studies could be performed, our re.sults confirm the findings of Ooodson and 
Shoard'’ that the disturbing influence of I In- various urinary jiigmeuts can he 
eliminated by the u.se of an appropriate filter if the diluted, untreated and 
acidified urine is employed as a standard for the ]>hofclomctric compari.son. 
The “zero-point” was determined with ethyl alcohol. Then the “blank” was 
read and the figure obtained was subtracted from the figure of the “te.st’ 
.solution. 

Standunlizalion . — From a slock .solution of 20 mg. of bilirubin {Pfannen- 
stiel) in 100 c.c. chloroform, convenient series dilutions wen* jirepared and the 
oxidation te.st.s performed. The photelometrie readings were plotted in a cali- 
bration curve on semilogarithmie i)a|)er. Like the “diazoreaclion ” curve, 
the “oxidationreaetion” curve obtained, is not a strictly straight line. The 
mo.sl reliable readings arc obtained for a concentration of O.lo to 0.4 mg. bile 
pigment per c.c. of tirinc. If the concentration in a urinary .sample should be 
found out of this range, adaptation to the test by adeipiale increa.se or decrea.se 
of the amount of urine used is recommended. 

COMI’AUATIVK STCOV 

Urine .samples from four dogs with renal biliary fistulas®' and from four 
patients with cxtrahepatic obstructive .iaundice were used for the comparison 
of the above described method with three other types of determination of biliary 
pigment. These other methods were (1) the direct diazo method of Good.son 
and Sheard,^ in which caffeine sodium benzoate is employed as an accelerator 
in the development of the color reaction, (2) the method of Wliipplc and his 
associates,” employing calcium chloride for prcciiiitation and nitric acid for 
oxidation, (3) .ScottV method using barium salts for precipitation and the 
diazo reaction for the determination. The results obtained with the four 
methods can be seen iii Table I; each value therein is the arithmetic average of 
two parallel determinations. 

In most of the experiments the highest values found were with the now 
direct oxidation method. In order to have a basis for a comparison of the dif- 
ferent methods the results of the direct oxidation are a.ssumcd to c((ua] 100 
])cr cent ajid the other values are computed on this assumption (Tabic II). 

DISCUSSION 

1 Comparison of tho Two Direct Methods . — (New oxidation method and 
diazo method of Goodson and Sheard,“ Columns 3 and 4 of Tables I and II). 

^ wint to expre.s."! our {rr-itituilc to Dr, Ix>iiis Bergmnnn .ind Dr. Deo AVcisx for tlieir 

cooperation i‘n pcrfor.ninff the operation.. 
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Poi’formimcc of Iho Oim.'t oxidation tost requires only one-tliird of tlie time 
needed for tlie diazo test. Bolli metliods "ivc alnio.st identical results with the 
urines of jaundiced patients (No. 11 to 14). In these experiments only freshly 
voided si)eeiinons were used. Witii fresh dog urine also, the .same results were 
obtained (No. S), In all the other animal experiments a twenty-four-hour 
urine was eollceted in a browii flask containing chloroform as a preservative,^' 
the animal being in the metabolie cage. The diazo values, measuring bilirubin 
only, were always lower in these specimens, .sometimes quite considerably. This 
is best explained as a result of the secondary reoxidation of the excreted bili- 
rubin. 

That bilirubin, when exposed to light and air, may rather rapidly disappear 
from a urinary specimen, has been repeatedly observed. (Rabinowiteh,” Sivo 
and Forrai,’" Scott"). Other factors, like temperature and ultraviolet i-ays, 
may also be of contributing importance (Peterman and Cooley'®). The disap- 
pearance of bilirubin is caused mainly by i-eoxidation to compounds no longer 
giving the diazo reaction. The higher values of the oxidation method demon- 
strate clearly the superiority of this type of determination. Howe-ver. the lower 
values with the diazo test may sometimes also be due to other causes. Durins 
the course of our experiments with the renal biliary fistula dogs almost daily 
determinations of the bile pigment output were .perfomied using the method 
of Goodson and Sheard.® Immediately after operation the proper reddish- 
purplish color of diazobilirubin was obtained; later on, however, varj'ing from a 
few days to a few weeks postoperatively, the diazoreagent, when added to the 
urine, produced only a brown or even a green color, imrelated to the pH of 
the specimen. Simultaneously with this phenomenon the urine beaan to con- 
tain great amounts of indican (highly positive Jolles and Obermeyer tests). 
That indican or related substances may interfere -with the van den Ber»h reac- 
tion in the plasma has been noted by previous investigators. Andrewes,'" Harri- 
son and Bromfield,'® and also Becher'® mention particularly the “bufi! or brorni 
diazoreaction” in uremia where indican accumulates in the blood. The cause 
of the considerable indie-anuria in our renal biliarj' fistida dogs was presumablv 
the complete absence of bile from the intestine; bile was not administered to 
these animals because it would have interfered with a simultaneous investit'a- 
tion using these same dogs. 

Two further questions deserve a brief discussion. (1) Does the Hammar- 
sten reaction used in the direct oxidation te.st determine bile pigment com- 
pounds only? Hans Fischer and Adleri® studied the different phrases of the 
similar Gmelin test and found that other substances like malachite green crvstal 
violet, dimethylaminoparabenzol, ete., may give similar color compound ' 
these substances are, however, unlikely to be present in any patholorieal mine 
Indican, according to Naumann,®' gives a verr- slowly developing bluish color 
with trichloracetic acid and Fei-ric cldoride (FoucheFs reagent) "^We found i 
numerous urines not containing any bUe pigment that indrean, normal urhiarv 
pigments, and also stercobilinogen, prepared from feces, if added to the urin I'" I 
not give a positive Hammareten test. Indican alone .rives a bronm color nIH f? 
diazo reagent. (2) The second problem is whether the direct o.xidation m tb 7 
determines all the excreted bile pigments or whether a loss occurs due t 
idation to clioletelin or colorless compounds. In order to an.sn-er this quL?^^ d^^' 
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bile was taken from the gall bladder and tlic bile pigment content was immedi- 
ately detei'mined Avith both direct methods. Tlien the bile was protected against 
lio'ht and air bj"^ placing it in a dark bottle and adding mineral oil. In the 
fi^sh dog bile no biliverdin Avas present, as can be seen from the identical values 
with- boUi the diazo and the oxidation tests (Table III). The A'alnes of the 
roteeted and also of the nnproteeted bile samples were then comimred after 
tAventy-four hours. Similar experiments AA'ere performed with urines. The 
results are compiled in Table IV. 
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07 
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H 
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19.5 

51.1 
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•The )iiBh valiie.x occurred after injection of plienylliydrazlne chloride. 
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Qi’ANTITATIVK RF.COVF.IIY OF BlUP-UmN AdDFD TO UP.IKF, 




MIU.IGUAMS OP BILIRUBIN 

PER C.C. 


S.AMPI.F, 


IN 

IN 


NO. 

IN 

BILIRUBIN 

Ur.INE PLUS BII.IP.UBIN 

PEP.CENTACE 


URINK 

SOLUTION 

FOUND 

ANTICm.ATEl) 

P.ECOTEF.ED 

1 

none 
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o 
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0.20 



96,1 

n 

• 1 
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0.37 
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102.7 

4 

none 




101.8 

s 

none 

0.89 
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0 


0.17 


0.305 

89.5 

7 


0.17 


0.310 

90.0 

8 


0.17 



104.1 

9 


0.30 

0.430 

0.437 

98.4 

10 

1 0.770 

0.21 

0.950 

0.980 

96.9 


.Average recoverj- 96. G per cent; range 89..6 to 104.1 per cent. 


With one exception (No. 6, Table III) the value obtained ivith the oxidation 
test remained constant in the protected sample whereas all the other imlue-s de- 
creased considerably. From these re.sults it may be concluded that the oxida- 
tion te.st in. samples adequately protected against superoxidation gives probably 
tile most reliable picture of actual bile pigment excretion, although the possi- 
bility of a loss caused by superoxidation must always be kept in mind when 
balance studies of the pigment metabolism are performed. 

2. Comparison of the Two Oxidation Methods . — (Neiv direct method and 
precipitation method of Whipple and associates, Columrus 3 and 5 Tables I 
and II). The values estimated with the precipitation method shoived deviations 
from those Avith the direct test covering a range from -28.4 per cent to -fl5 0 
per cent, with an average deviation of -13.4 per cent. The standard deviation 
C7 is 18.5 per cent. Most of the values A\nth the precipitation method are lower 
than those Avith the simpler direct test. This is partly due to the loss to be 
expected from the more complicated chemical procedure, and perhaps partlA^ 
caused by the difficulties in achieving the correct degree of oxidation of fh' 
bile pigments. The method of Whipple and his as.soeiates” requires ^ 
perienced Avorker as the amount of their oxidation reagent added to th 
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must be ejircfiilly .'Klnpii’d to (lit* cousliuilly vaiyiti^r coiioenlfatioii of pi^'nicat 
pi'csout, Avbieh .factor may result iu ati iusuflicicut <\r t<io onicicat oxidation of 
the bile pi.[,miciit comjxumds. Tlicso danf'crs arc olimiaalfxl iii the direct plio- 
telomctric test. IVlermaii and Cooley"’ .studied the various eoudilioiis of .sifniifi- 
cauee in obtaininp: maximal oxidation of bile jupuneiits and recommended hydro- 
gen peroxide as the most suitable oxidation reagent, idalloy and Kvolyn,” 
folhnving their sugge.stion, de.seribed a plioto-eleetrie method using hydrogen 
peroxide for determination of bile i)igment in bile, feces and meconium. In 
our experience oxidation with hydrogen peroxide does not give sati.sfacfory 
results with urinary bile ]ngmejit. Pidei-man and Cooley,’''- and Malloy and 
Evelyn" also expre.s.sed the opinion that the green color of fluids containing 
various bile pigments is not due to the pre.scneo of biliverdin. According to 
these authors biliverdin docs not exist as a ehemical entity but repre.sents only 
a mixture of unoxidized yellow bilirubin and blue hilieyanin. 'J'liis is in sharp 
contradiction to Lemberg,"’ ■’ who defines biliverdin as a bile pigment compound 
having two hydrogen atoms lo.ss Ilian bilirtdiin and an open ir bat an intact 7 
nietbene bridge. Both statements are most likely only at varianee as far a.s 
the terminology is eoiu’erned. Biliverdin is a definite ebemieal substance but 
the green color of fluids eonlaining bile pigment may ahso sometimes bo caused 
by the presence of a mixture of unoxidizod and oxidized pigments. In order to 
demonstrate llial the direct oxidation te.st whieli yields a blui.sb -green i.sb color, 
does not leave any bilirubin nndcformiiicd, (pianlitativc recovery experiments 
of bilirubin added to urinary sample,s were performed. The hilinihin was dis- 
solved in chloroform and then added to urines with and without natural bile 
pigment. When performing the test, no technical difileulties were encountered, 
as chloroform in small amounts is readily soltihlc in alcohol, which is the main 
fluid medium of the te.st. 

The recovery of hiliruhin is as conijilele as can he expected from such an 
experiment. The range of the re.sult.s was 89.5 per cent to 104.1 jicr cent and 
the average recovery PG.G per cent. Tliese values are almost identical with 
those fouJid by Goodson and Slieard’’’ in similar recovery experiments with their 
direct diazo method. 

3. Coinjwison of the Two Diaso Methods . — (Direct Jiiefhod of Goodson 
and Sheard'^ and precipitation method of Scolt,'"’ Columns 4 and 6 of Tables 
I and II). If hiliruhin only is to be determined in l.lie urine, the direct oxida- 
tion method is doubtless the method of choice. The direct method is not only 
simpler to perform, but combinc.s, as can be .seen from (he tables, thi.s advantage 
with a much liiglier degree of accuracy. 

CONCLAJSIONS AND SUMJtAHY 

1. Quantitative determination of urinary bile pigment excretion should at- 
tempt to comprise all bile pigment compounds which could possibly bo present. 
Methods using the diazo reaction determine bilirubin only. Tlierefore oxidation 
methods Avliich include also bile pigments other than bilirubin are to be pre- 
ferred. 

2 A direct, rapid, quantitative, photo-electric method, using Hammarsten ’s 
oxidation reaction, is described. By means of an appropriate filter and by 
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cmployinp the diluted acidified but. untreated urine as a standard, the other- 
wise neccssai’y preliminary precipitation of the bile pigments can bo eliminated. 

3. A comparative study of this method with three other types of quantita- 
tive dctcvmiJiation of urinary bile pigments is reported. The methods used in 
this comparison were (1) the direct diazo method of Goodson and Sheard, (2) 
the precipitation and oxidation method of 'Whipple and a.ssociates, (3) the pre- 
cipitation and diazo method of Scott. Urines of renal biliary fistula dogs as 
well as of .iaundiced patients were used in this study. 

4. By means of the oxidation test and by an adequate protection against .su- 
jicroxidation, a reliable quantitative determination of the bile pigments excreted 
in the urine in twenty-four hours can be obtained, although the actually excreted 
amounts of bilirubin may decrease considerably in the collection period. 
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BOOK NOTICES 


Hemorrhagic Diseases’-' 

\|VGAAB1>’>S Ilcmnrrhiiiiic IHr-raxrs is ii voIiiiik' on l>!oo<I fonmilntion iiinl its nns-linnism. 
^ ' with a .sppcial discussion on the |)hotoclcctric mctliod of dctoruiinntion of Idood fdirin, 
also of llic sovonil licniorrlin^ic disonsos. There is u disi'ns“ion of vitamin K, hut not of 
Iicparin. 


Synopsis of Materia Medica, Toxicology and Pharmacology! 

T ub appeaTance of a second edition two years after the lirsi speaks well for the popularity 
of Btivison’s .Si/nop.viA- of Materin Medica, ToricoUiim and /’/inrniartdo//!/. It is nitlicr 
diflicult to visualize a 700 pa{;e hook lieiti}; a synopsis, 1ml when eoin(iared nith larger texts 
on the subject it omerfios as truly synoptic in eharacli>r. This hrinjjs us to the realization 
of the tremendous inerense in our knowlcsltre of the aetion of dni{ej /md in the number of new 
dnips, in tlie past several yetirs. 

Tho volume is prinitirily clinical and st'ives as a retidy refertuice tutinual. 


Pathology of Traumas 


T he itathologj- of Inninta is a subject about whieh little is known to the avenipe 
practitioner and medical student. Yet trauma ranlts hiph in the list of causes of 
mortality and morbidity. In his book Hr. Moritz not only describes the ji.-itholopy of trauma 
but ahso explains most lucidly why specific injuries take the form which they do. He calls 
upon an enpineer’s knowledpo of force.*, stres,ses, and vectors to make this clear to the 
reader. The book is not written from the point of view of the traumatic surpeon but from 
that of tho pathologist and medical e.xaminor. Con.soquently, it will be most valuable to 
persons in those fields. However, the backpround of knowlcdpe which Dr. Moritz has drawn 
upon for the presentation of his subject i.s .so bro.ad that his book has a natural appeal to 
all physicians and students. The preater part of the book is devoted to a consideration of 
mechanical injuries to the various systems of the body, and emphasis is placed on the cpiostion 
of the predisposition of trauma to disease. This is not only a clinical problem but a mo.'-t 
important medico-legal one, and in each instance Dr, Jloritz reviews romi)Ietely the evidence 
for and against trauma ns an etiologic factor in disease. 

Intelligent treatment of wounds demands a. thorough knowledge of not only the 
anatomy but tiie patliology involved. The great demand today for young doctors who are 
trained to practice traumatic surgery on the battlefields makes it particularly fortunate that 
Hr. Moritz’ book has appeared at this time. It is profusely illustrated, and will be a 
valuable teaching adjunct for those doctors preparing themselves for military duly. 


'o-EIectric Study of Blood ConRUtabillty. B.v Kaiirc K. 
urgerj-. the Mayo Foundation : Former Assi.stant SurRcon. 
of tlie Ale.vander Malthe Foundation for Resenrcli In 
Illustrated. Cloth, .S20 pages. The C. V. Jlosby Com- 


•Hemorrha 
Nygaard, M.p.. 
the Unlver.sity 
Medicine, Surgei ■ ■ ■ 

pany St, Louts, 1S41. 

4<?^-noosis of Materia Medica, To,xicology, and Pbnn)mcolog>-. JCoi ' ' ■ ' " 

*1 n^Medicine By Forre.s-t Ramon Davison. B...V.. M.Sc., Pli.P., " ’ 

tioners of , , j, Kalamazoo, Mich. Formerly Assistant Professo 

menk Tlie UPl l university of Arkansas. Little Rock. Second Ei , 

VmofiSdlng 4 in color. 695 pages. The C. V. Mosby Company, St. Louis, 1942. 

tions iimiuu b mrnurna. By Alan Ricliards Moritz, M.D. Clotli, 3SC pages, witli 117 

iltustrKs^’WoO?^ DcT"aAd Fefilgor. Phiiadelphta. 1942. 
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A Handbook of Allergy '' 

B LANTOX'S Jlnndhooh of AUfr!i;i should fulCdl well the purpose for which it is primarily 
intended. It is a synoj'sis type work for use by the undergraduate student, to be 
supplemented by personal instruction. It should also serve as a handy orientation volume 
for grad\iates who wish to become acquainted witii the general subject of allergy. The dis- 
cussion of troatmont, both specific and symptomatic, is too abbreviated for tlie volume to serve 
adequately as a therapeutic reference aid. It is hoped that in the next edition treatment 
will receive more detailed discussion. When used as an undergraduate text, tlii.s become.s 
less of a problem since tlie student gains liis therapeutic experience in tlie ward and clinic. 


Directory of Medical Specialistsj 

T ub second edition of tlie Dirrclnrii of Mnlical Spccinlixts Certified hy American Boardx 
is mucli larger than the first. A change in the i)age headings makes it a much more 
convenient reference volume. .:Vs previously, the specialties arc arranged in alphabetical order. 
In the first edition page headings designated only the .specialties. In the second edition 
the specialty appears on the left-hand page with the States on the right-hand and the cities 
scattered through the pages. This is a valuable reference volume. 

Standard Nomenclature of Disease and Standard Nomenclature of Operationsz 

Standard Somenclature of Disease is now in its third edition. Many editions have 
been made, based primarily on the X'atioiial Conference of ^fedical X'omenclature held 
under the auspice.s of The .^.merican Medical A.«sociation in 1940. For the first time there is 
also included a standard nomenclature of operations. Both sections are well inde.xed. Kev 
numbers for all diseases and operations are arranged according to the punch card system 
so that with proper equipment any group or groups of diseases or operations may be sorted 
out with little expenditure of time. 

The volume, published by The American Medical Association, will be especiallv valuable 
for teaching and research institutions, clinics, libraries, and statistician.®. 


Electrophoresis of Protems§ 


/^RIGIXALLY a highly complicated phase of physical chemistry, electrophore.sis ha.s now 
entered much i)roader fields as an implement of investigation and has even found uses 
in clinical medicine. Most of us know it only by name but many are coming to realize that 
a more intimate acquaintance will be needed, as electroidioretic methods come to be applied 
in onr own fields of study. 

These authors describe general principles and methods of application and follow with 
discussion of studies of serum and pla.«raa proteins, antibodies, antigens, enzymes liormones 
and the surface study of cells. The authors themselves have contributed a verv great deal to 
this knowledge. The volume is necessarily still lugidy technical but recommended as the 
best reference volume on the subject that is available. 



tDirectory of Medical Specialists. Certified by American Bnords loio 
pages, $7.00. Published for the Advisory Board for Medical Spec^ltfps 

versity Press, Kew York, 19-12. i>ieaicai specialties by Columbia Unl- 


tStandard Nomenclature of Disea.se and Standard Nomenr-iatin-o n 
by^ Edwin P. Jordan. M.D. Cloth. 1022 pages. The 

SElectrophoresis of Proteins and the Chemi-strj- of Cell .Snrfacoc. -d.. tt 
son. Assistant Professor of Physiologj-, College of Physicians and Harold A. Abram- 

versity ; Associate in Medicine, The Mount Sinai Hospiml vlw Columbia Uni- 

Moyer, Assistant Professor of Botany. University of Minneo'ota ^ Laurence S 

Gorin, Chemical Research Supervisor. Field Research Manuel H 

pany. Dallas. Texas. Cloth. 341 pages. $6.00. &oll'’|J^Sfsh*in|^C?i^‘i?aUoT 
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Outline of Histology"' 

r TOSKIXS nml Jii‘volaii<k’r (hitliiit of Hhtoloiii/ \h a Ido.-i' li'af Intoialorv liOok printed 
Iiy tlio now pluitolillio^^rnidi pnii-o,-. . There fire two to n jni^jo, fitoililnlini; ea.-y 

reading, and many splendid ilhist rations. There i:; also an almndam'o of lilanl: page? for 
notes and drsiwings. Tiie vohiinn Fhould find wide ii'-e in tlo' histologicfd l.ahoratory. 

Drug Productsf 

H EKKICK’S volume on J)rti;t J’rotltu-ls is a four hundred odd page de.-''riptioii and 
analysis of the Federal Food and (’osriietie Art, design'd to assi'-t the Jiiamifnrturer, 
distributor, and packer of drug products. It provides fide'iuate iiiterpr'dalion of this cofn- 
plicated statute. 

Human Pathology | 

' j"'HE sixth edition of Karsner's rulhotooii scarcely needs an iiilrodiietion. However, there 
* have been nuiny clninges from previous editions, enoiigb to require resetting of tyi>e. 
The author and publishers have thereby taken advantage of the opportunity do make two 
eoluinn ])agcs which facilitates reading. It has been abundantly and IwaiitifuIIy illustrated 
with ICO illustrations in black find white and “I in eidor. 


To Our Readers 

TJie exigciieies of the war .situation have made it necessary to comply tvith 
the order of the War Production Board to redtice the weight of paper previ- 
otisly used for tiie Jouk.vau While this change will not affect the pritited page 
it Avill affect the quality of the halftone illustrations. We regret that we have 
no choice in the matter and would ask the forbearance of our readers. As soon 
as the restrictions are removed, we sliall resuinc our practice of jirititing the 
JoUKNAr- on tlie previously cmployeil heavier grade fd' paper. 

'riii-; C. V. Mosav Co., Puhlisheivf. 


-■ Margaret M. Ho.skins, Ph.D., and Gerrit Bevclandor, PIi.D., 
of iJentistn', and Tlie Graduate .School of Art« and Science. 
. I., 179 page.s, Pt. It. 113 paKe.s, $2.50. The C. V. Mosby 


•Outlli 

Pepartment! 

New ‘d'cr’tg 

Compaq, Labeling Packaging Regulation. Bv Arthur Donald Herrick. Member of 

the nW York and Federal Bar. Cloth, 46C page.s, $7.5(1. Itevero Publl.-'hing Compan.v, New 

York, Pathology. By Howard T. Karsner. M.D. Professor of Pathologi’. Western Re- 

TTniForaitv Cleveland, Ohio. 460 lllustratlon.s in biack and white and 24 subjects in color 
serve unnersiij, ^ Edition, Cloth. 817 pages. $10.00. J. B. Lippincott Company. Philadelphia, 
on 10 plates. 

Montreal, Ixindon, 1942. 





In Memoriam 

Major Robert Anthony Kilduffc, M.C. 
1889-1943 

In charge of Laboratories, Ashford General Hospital 
White Sulphur Springs, West Virginia 
Associate Editor, Tlic journal of 
Laboratory and Clinical Medicine, since 1924 
Formerly 

President, The American Society of Clinical Pathologists 
Editor, The American journal of Clinical Pathology 
Director of Laboratories, The Atlantic City Hospital 
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CLINICAL AND EXPERIMENTAL 


THE DISTRIBUTION AND POLLINATION TDIES OF THE IJIPORTANT 
HAY FEVER-PRODUCING PLANTS IN THE UNITED STATES* 


PHit.tP 51. Gotti.ieb, 5I.D., .\XD Erich Urb.^ch, 5LD., pHn..\DKLPHi.\. Pa. 


I T IS axiomatic that the precise etiologic diagnosis of hay fever requires a 
knowledge of the pollens to which the patient is e.xposed ; in other words, a 
knowledge of the identity of those plants in the patient’s vicinity which are 
capable of causing pollinosis, their relative prevalence, the average onset and 
termination of their pollinating seasons, and their pollen-producing capacity. 
Such information for each locality is essential in correlating the patient’s 
symptoms with the presence of his allergens, in selecting the appropriate pollens 
with which to perform tests, in evaluating cases clinically diagnosed as hay 
fever but failing to react to tests, and in choosing the proper extracts for treat- 
ment. For practical application, information about the facts mentioned is of 
greater importance than the variations in the quantity of atmospheric pollen 
grains from day to day within the season. 

Pew physicians, of course, have the time, the requisite botantical training, 
or the facilities for carrying out pollen counts or field surveys. Hence, it is 
necessary to rely upon pollination studies previously completed in the same, or 
some comparable, locale. Although the seasons vary somewhat from year to 
year, depending on a number of meteorologic conditions (see below), they are 
usually sufficiently constant for the experience of previous .rears to be applied 
clinically. 

•From Uie AUere>- Ser'ice of the Jewish Ho.cpital, Philadelphia. 

Received for publication. Sept. 2S. 1942. 
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Thnro inuloulileclly oxisls: :i ”rcat den! of uiijoihlishcil ilata in I his- field. 
JIucli of if i.s in tin* liaiuls of allrririslr located tliroiifrlioiit tin* country, and a 
comnu'iidaliU' effort lias recently® been made by the ('oniniittee on a Pollen 
Survey of the Society for the Study of Asthma and Allied I ’omliiions.*' to ta]> 
this rich source of material. This invest iirat ion ha.s not yet reaidieil the jioint 
where it is useful to the praelieiim jdiysician. 

In addition, seattereil throu<rhout the medical Hteratiirc are a lar^'e mun- 
ber of carefully jierformed invest ijrat ions which, in loin, nearly blanhct the 
United States. These, to be sure, difn’r wididy in seiipe and tisdiniipie, some 
ineludinp: only a siiifrle specii's or on<‘ relati'd ^rroiip of plants and .some rejiort- 
intr findiii'Ts rejxardinir only a portion of the hay fever .sa-ason. !Most [lertain to 
one locale only, others eovei- e.xtensive rcfrions of the country, and .still otheis 
arc national or nearly national in extent. Many are ba.sed on atmospheric 
pollen counts by <,n'avity or other methods, some are the result of hotanieal .sur- 
veys, a few combine the.se two aiiproache.s. and still fewer correlate the.se iiiub 
ing.s with clinical observations. Defieieneies mieounlered in various articles 



include omission of the duration of imllination and less frequently of its e.xaet 
onset, grouping of .several species into rough "sea.sons” rather than giving the 
separate dates, and inadequate identification of ])lants by ambiguous common 
names. Sfany fail to .state the relative importance of each plant, or where given, 
to mention whether it is based on pollen count.s, prevalence, abundance of i)ol- 
Icn production, or the frequency of positive skin reactions. A common failing 
is the assumption, unsupported by actual determinations or any apparent sci- 
entific evidence, that the findings in a given cit}’ arc eharaeferi.stic of a whole 
state or even larger area, such as New England, the Middle Atlantic States, or 

the South. 


•At the time 


this paper was undertaken and started, no such studs' had been begun. 
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Dosnilo nil 11io.s(‘ slinrl(‘f)miiifr.s, wliioli, of roiii’S'o, by no moans apply to all 
the roporls, a •rroaf doal of usofnl infftrmalion can bo fiainod. And inasmuoh as 
tlio data for ono oonnminity oan jiroporly bo oonsidci’od to bold for at least a 
limited imiiinn of the siirronndin'r territory, all these obson-ations ean be eom- 
pared ami combined to frive a roin-esonlalivc, over-all picture of the pollen sit- 
uation in the United States. 



It is a botanical truth that probably no two species of plants precisely cor- 
respond in their distribution, range, or region of maximum growth > More 
over, depending on the nature of the .soil, the elevation, and'^a multitude of 
meteorologic factore, the dates of on.set and ce.s.sation of pollination van- from 
place to place in the same area. Hopkins- has pointed out that, other cond' 
tions being equal, the variation in time of occurrence in temperate North \ • ' 

is at a general average rate of four day.s to each 1 de-Tee of latitndo 
of longitude, and 400 feet of altitude, later northward, eastward and d 
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in spring iiinl onrly sinniiior. iiiul I lie revorso in Into .sniiinicr ninl imfmnn. The 
jivovajio iidviiiU'O of llio season jn'i- day is sevenletTi inili-s norl iiward, six(y-t\vo 
miles eastward, and 100 fed iifiward. 

Novortlioless, for i>raelieal and elinieai pnrjioses, ralliiT' larije distriels rail 
he considered to eonlain a ei'iTain lyj)e of flora with ])ollination seasons wliieli, 
witli .some variation, are hy and larfje nniform for tliat area. TJiis is all the 



more true in tliat the im])ortant liay fever-causing ])o]lons can be carried hy the 
wind for considerable distances, such almosplieric pollution tending to mini- 
mize the influence of local differences in plant life. It has been customary to 
divide the countrj^ into districts according to state l)oundarics or the usual 
rreo«’raphico-ceonomic units. A moment’s thouglit, will show that this cannot 
be Correct for the present instance, since neither the plants tliemselves nor their 
air-borne pollens are an.r resi)ectors of state borders. Even where states arc 
bounded by I'ivers, the same flora is practically alwaj's established on both 
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banks. Hence, we liave more loiiically resorted to the botanical-ve.!retational 
areas painstakiniily delineated by Livingston and Shreve.’ It was found neces- 
sary to modify tlieir map to accord with more recent publications and with the 



fact that we are solely concerned with plants capable of produein«- hav fever 
rather than rvith all the flora. Pig. 1 presents a division of the United States 
into nine zones aeeording to these principles. 
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The literature yiel(le<] ICiC articles eonlaininn: usahle iiiforniatioii. Of tliese, 


forly-tAvo covered the entire eoiinlry, or at least lai-go areas, as reirards one or 



be noted that in six of them attention was confined to tlie AVesl;'*’ in 

fmir to the South ;«■ ■*= in four, to the Midwest ==' and in three, to 

England and the Middle Atlantic States.-’ « The remainder of the 
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articles arc based on local st tidies or concern at most a state and are so listed, 
(In a few instances, portions of ad.ioininfr states wci’C given consideration. 
These are entered only under the state primarily represented.) Tiie bibliog- 
raphy also contains the references for Canada and Alaska. 

By combining and. so to speak, “averaging’’ for eacii zone, the score or 
more surveys done in seimralc localities by various methods in different ycai’s, 
it is felt that a comprehensive view is obtained, which is, in .some respects, pos- 
sibly more aceurate than the original studies them.sclvcs. The results of this 
method arc given in Figs. 2 to 10, which constitute a pollination calendar for 
each of the nine zones. 


coia!3:» A:rp s:igi*ine ioug 
miz, sox ELDEa-Acer 

EU!-lIl=us 

COIIO.iyQOD . poruR ^ Populue 

Hasel« Corylu8 

ASH-rrajclnue 

'gilloit -Saltx 

Birch ^Betula 

.OAK «» Quereu8 

J uy lane 
Hielcorr -Carra 
Bock, Sorrel-Rucgx 
-JtriS GPA33 , sms GHASS » Poa 
QRCHAFP OtiXS3 » gaet7lle p_lot:erata 
Sveet Vernal Graafl-Anthor. odor . 

Sag. Plan tain «Pl&n tag o laneeolata 

HSTXIX ^llPtiea 

BROiS GRASS, CHBSS-Brosus 

tlkOrriY - Phleua nratenae 

POXtAlL GRASS, TTIU) BAHLSg- Hordeua 

R£D T0?-Aaro8tU alka 

Wild Rye- eTlyaue 

ia3P*3 QUART £?.3«Cb€nopodl us albaa 
WHSAt GRASS, QUACS GRAS3 -AgroP7ron 
Grana Graea~ Bouteloua 
CRAB ORA33 «Dlc.ltarla eangulnallg 
PIGWEED . CAHBLSSS WEEP - Asaranthaa 
Cora ~2ea cay a 
WE3TEH:1 WATER KryB - Acnida 
BEARD GRASS, BROOH GRASS-AndroEO£on 
RufiBiaa Thi s tle^ »Sal sola peetlfer 
JOKJJSO.'J GRASS, SITDAU GRASS'- Kolcua 
Orache, Shad 3cale-Atrl£lex 
Wegtem Raptweed- Ac'broala pelloeteclx: 
Begp« Cannabl a gatlva 
Buralns- Buah-Koehla ceoparls 
QIA^T RAGWEED ^Acbroala trtflda 
aAGE3HU3R . woR^oOP^^Artealela 
DWAHP RAQTTEEP-" Aabro eta elatior 
HARSH S^ VTlTa 
COCEXEBUR-^Tanthloa 



Fig. 6. — Pollination calendar for Zone V. Most important nollen'? thoc^ i 

importance, and the least important are indicated hr underscored capital^' 
and lower case type, re.spectively. 1 , Konc in Milwaukee. Wis. : 2 ver?- liWe in 
and Milwaukee. Wis. • 'trj little m Omaha. .Neb., 


It must not be thought that all the plants mentioned in the literature are 
included in the figures. Only those of considerable importance Avere .selected 
As a matter of fact, references to nearly 300 species of weeds alone are to be 
found, plus hundreds of grasses and tree.s. The main pollination times are 
given in a heavy, unbroken line. This tends, in most instances, to be somewhat 
longer than the actual season at any one place in anv one vear because of ih 
totaling of the commoner annual deviations, the combination of obser^-ations 
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from Avidoly .sopnivitod locjililics, rlinialir variations, diriVrciicos in Iho time of 
j)lanfin<r of oultivatod spocirs, and ollirr fartors. This is osprcially Inio of the 
sprinfi and early summer seasons rather than of late sinnmer and fall. 

]f, slioidd also he fmirtted out that many idants iHiIlinate sporadieally hotli 
before and after the ]irineipal season, tliat loeal eireumstanees may influence (he 
dales over a limited area, and that unusual Avoatiier eonditions may eorrespond- 
ingly aecelerato or delay pollination. All this is sitriiified in the calendars by 

como.v A.iP 3 crE.mnc .•■'aa'e 

Ele -Ulnua 
AIder« Alnug 
Birch ^Batulft 
Triiiow- SBlix 

corro^nroaD . ropLAR - popuiun 
BOX ELPER . ltAPLE « Acep 
JUTflPER" Juniper UP 
Oak-guorcun 

DA!^DELI0:f» 7nraxaeLr: taraxacua 
JflilTER rAT^^ Eurotla Janata 
ABh -Fraxlnue 

ORCHARD GRA33 * Daet7llp rlorerata 
JI;?;E GRASS , slue ORASS ^ roa 
FOXTAIL GRASS, TTIUS EARLEy. Hordeua 
Plne» Plnua 
Feecue- Foptuca 

WHEAT QRA33 , QUAC?C ORA33 > Arropyron 
SORREL, DQCg -Ru=ex 
Johnooa Grace, Sudan Qraoo- Holcuo 
BROIS GRASS, CH£33 >BroauB 
SALT ORA33 -Pi etl chll ■ eplcnta 
Wild Rre ^ElvauQ 
SALTBUSH, SHAD SCALE-Atrlglex 
IAMBUS QUARTERS ^ Chcnopodlua albua 
TIltOTHy ^ Phleua pratenoo 
RED TOP- Agroetta alba 

PLAHTAlH-PlanlSaR 

RUSSIA.^; THISTLS ^ Saleola peotlfer 
PIGTTEEP , TlRrSLE ffEED ^ Agorantbuo 
Corn- Zea oaya 
KARSH ELDER^Iva 
COCKLEBUH^ Xanthlua 
WESXm WATER H£13> »Aonida 
BURfi^HG BUSH^ - Xoohla ccoparlft 
QIAHT RAGWZED ^- Aabroflla trlflda 

Graca Grasc-Boutoloua 
WE3TERH flAGTr££P^ - -AnbroBla ppilootnchyg 

3AQESRU3H * Artcaiola 
Ealge Rag?tajq<^ » t^^Beria 
PWARF RAG WEED - A Pbr o b 1 a elatlor 



Fiff. <• — PoUInnlion calrnclar for 55orie VI. Alost hnporlnnt polIrtjR, tlio.so of sccoiulary 
importance, and the Ica.st important are Indicated hy undcr.'tcorcd capllalp, capitals, and capital 
and lower case type, respectively. /, None In western Colorado, western Montana, or nortlicrn 
Idaho. 

the finer, interrupted lines. Finally, the various Iree.s, "rasses. and weeds liavc 
been graded, according to tlicir frcfiuency and importance, info three groups: 
the ma.ior causes of hay fever, those of .secondary significance, a2id those of 
les.ser consequence. This, likewise, is indicated in the figures. Needless to say, 
other plants can, le.ss often, bo re.s])onsiblc for occasional eases of pollinosis, 
cither as a result of unusual e.xpo.snre or of extraordinaiy weather conditions. 
For localities near the boundary of a zone, if is suggested that the calendar for 
the adjacent zone also he consulted. 

Naturally, certain sources of ciTor are inlierent in pollen snrve3's, whetlier 
hj^ atmospheric count or botanical observation, and applj"" equallj' to this stud.v, 
in so far as it is employed in any one locale. 
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In tlio fn-st i)l:icc, the ho^rinning as well as the cud of the pollination period 
de])ends, from year to year, on meteorologic factors, particularly the range of 
temperature, the percentage of sunshine, and the amount of precipitation. Thus, 
an especially warnx spring and summer with heavy rainfall will appreciably 
advance the date of the first blooming, whereas a cold and dry prcscason will 
delay it. The pollen calendar cannot do more than give the average dates. 


cott.'3-j Airp 3;iEi~ine hais 

»ino»-SaUx 

CECAR, JV.nrER. Jmlperua 

loplar, CottOOTOod- Toculm 

KAfLS . B3X EUiER - Ae«r 

A»ti- rraHnua 

Salnut-Ju^lanj 

Sinter Fat- Euratla lanata 

OaJc-guercuja 

tlli£*PlnuB 

PAXPELIO:i- Taraxaenn tgraractrt 
Feaeue -Featuea 

SHSAT GRASS . nines ORASS - AgrocTron 
Jir.'E OHASS . 3X.UZ GRAS3 - ?oa 
FLA.IIAI iU Plantago 

Oreaeeitooa- SarcotatuB ver^lculatus 

BROIE OHASS, CHESS -Bronua 

ORCKARO GRASS - PaetTlla p-Xonanta 

MCE, 33?.R£L -Rir:6l 

FQXIAXE GRASS, SILD EA-RIXF -Kordetc 

Cora- Zea raTB 

TIlX)7KX*FtiXeun pratenae 

nattle- Urtlea 

HED TOF- Arrogtle alta 

Slid R7e -El7PU3 

Perea.nlal Ray (Rye) Graga -LoXlua 
HARSH EUSER-Iva 

X,A13*S G’JARTERS- ChenoPQdlua albur 
SI2HS2. TUH31S: SESB - Anara-nthue 

Bineaas EUSH- Roenia aoonarla 
Sunfloaer- Hellanthua annuua 
SALTSSSH, SHAD SCALE- AtrloXex 
RALSS RAGSE5P - Fra.-isepla 
Coclslebur -Xanthiur: 

RUSSIAN THlSILE - SaXsoXa pectlfer 
SSSTEH! RAGSEED -Asbros . pslloetaebva 
SAGEBRUSH . XOar.TOOn - Arteplg la 

DnAR? RAGYt'EED-AebroBla elatlor 



Pig. 8 . — Pollination calendar for Zone VII. Host important nollens tho=,. i 

importance, and the least important are indicated by underscored capitals' ‘capitalg aAd ranfmi 
and lower case type, respectively. anu capital 


Pig. 11 shows how, under eeitain circumstances, the flowering can be hastened 
or retarded as much a-s two to four weeks. It will he seen that the onset of pol 
Imation of orchard grass (Dnctylis ylommita) was found to varj- in six consecu- 
tive yeai's in one place from Hay 2 to May 29. 

In the second place, extraordinary weather conditions can cause pollens 
which, under normal circumstances, are relatively imimpoitant in a r-iven ai-ea 
to become major factors quite suddenly. Thus Feinberg and Durham'-' re 
ported that in the Chicago area in 1934, unlike otlier veai-s, the poUens from 
certain trees and from certain chenopodiales (for example, Emssian tlnrtllx 
were the principal allergizing agents. D«ke‘='> made the onnosPr om- 
that pollens which ordinanly were abundant in Kansas Citv Mo ■ 
absent or nearly so in a season xrith unusual weather conditions ’ 

Furthermore, in isolated cases, due primarih' to nor-om.,, ’ 
exposure, individuals may be allergized by the 'pollen of trees 
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bushes wJiicIi only very rarely eatise bay fever. For example, l)ti)fon"‘' aial 
Phillips'''' showed (hat in (he (adds near El Paso, Texas, and Phoenix, Ar'n., 
respectively, where the eonitnon snerar beet {lit in rulfidris), a nieiiiher of the 
family Chenojiodiaeeae. is intensively ••nllivated. some ease's of hay fever are 
due to its ])ollcn, whieli is slied from early May to niid-dnne. Pre.sent plans to 
augment greatly the acreage devoted to this plant may well lead to an increase 





in the number of such eases. WeMiiin and Graham”' found tJiat (he pollen of 
(he mirror plant. {Coproamd hduvri), an ornamental shrub widely planted in 
California and pollinating from the beginning of April to the end of June, yields 
positive .skin tests in a considerable group of patients with hay fever. Langley’^" 
reported an unusual case of hypersensitiveness in a nurseryman to the pollen of 
an exotic plant, Piqueria IHiiervia, due to hothouse exposure through the win- 
ter One of us (E. U.) encountered two exceptional cases in which hay fever 
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was ov()k('(l l)y tin* pollens of Iroo of heaven (Ailmithiis (jhauhdom) and horse 
ehestniU {Acsculus hippocusltniuvA. respectively. ^Icntion should also be made 
here of the jiassihilily of alleriry to inseel-horne pollens under appropriate 
conditions. 



A third important source of en-or lies in the fact that, even within i 
tively small area, differences in the elevation above sea level nla - • ^ 

part in advancing or delaying the date of first pollination bv a 

• <* luoniii or more. 
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This applies, for example, to the variations in jiolliimtion time in a valley imd 
the adjacent mountains. As mentioned above, for each 400 feet of altitude, ttic 
delay amounts to about four days. It has also been observed {Mullin") that 
the nature of the flora present varies preatly with inereasine: altitude. 

Despite all these obvious and inevitable faults, such tabulations of data as 
the pollen calendni^ are certainly of {'real {lenera! value to the piiysieiau as a 
guide in the diagnosis and treatment of hay fever. 
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Flff. IJ. — PoUInntlol) llnic.s of ii pimil (orrliiin! Kro.«’< — }inrl)>lh plumrrnUt) tti slJC 

successive years. Note the marked variation (ns iiiucli n.s four wis-k.s) In lliv on.sid nml co.ssa- 
tion of pollination In corluln yc.nr.s. 

It mu-st he admitted that some of the plant prevalences and jiollination 
dates presented here are not alway.s in accord with the accepted ideas. It can 
only be said that they rcpre.sent a careful, im])arlial evaluation of the luihli.shed 
material after the elimination of the apparently less reliable observations. Tiiis 
accumulated information cannot be considered as final but could well be sup- 
plemented by further surveys, ])refcrablc on a nationwide scale and according 
to a uniform technique. The desirability of tlii-s and the locations in which it i-s 
mo.st needed will be discus.sed in a separate article.^ 

SUMMARY 

The neee.ssity for a thorough Icnowledgc of the distribution, prevalence, and 
pollination dates of the trees, grasses, and weeds which cause pollinosis is 
M’ell known. 

■ For this purpose, the United States has been divided into nine zones, ac- 
cording to botanical considerations. The plant.s which mast commonly ])roduce 
hay fever, their pollination times, and their relative imi)orlance are iirescnted 
in nine pollination calendars, one for each zone. 
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I.VTItOlUfTlON 


P Al'IEN'l'S with clirdiiic jirtlirili.s |)i-(‘.setH (Icvintioii.s i‘i-ttiii noi'iiuil in rc-'ii'i'O 
to both llio (.•ellulni- and noncfilultir eoiiipoiifiil.s of thy liloml. Anemia' 
is eoinnion, and moderate leiieoeytosis and relative iiiert'iiients in flu: |)ro[)or- 
lion of afred neutroi'hiles are freqiirnl. Few sionilieant alterations from 
normal liave been found with re.siieet to the Last inti levels of snhstanees li.avintr 
smtdl iiioleeiilar weimlit.s ,and hifih .solubility in w.ater. sueh ns suirar, urea, 4a ml 
electrolytes.' While none of the 4abnorm.aIit ies of blood thus far ileserihed 
arc pathotriiomonie for tlie rheumatic .syndrome, tliey tire .sionilieant in that 
they reflect evidence of systemic disturlmnees. Amonii newly tivailable ju'o- 
eedurc.s which mi”-]!! be ex])eeted to tiirow additional lifilit on tin* nature of 
the patliologie alterations in the fluid ti.ssnes of arthritis is one which de- 
])encls upon the formation of surface films by the substances known to bo iwes- 
enl in the blood in altered amount.s. Abnormal levels of mlobnlin and albumin 
in the blood of certain clinically active .atrophic arthritic patients have been 
demonstrated in this'* and other laboralorie.s.'*' These deviations are a.ssoei- 
ated with decreased suspension stability of the erythrocytes and with gelation 
of plasma ui)on the addition of formaldehyde." Blood sera from eomparablc 
cases show agg-lulinins for hemolytic .streptococci.' 

Purified proteins and lipoids possess the quality of spreading on the clean 
surface of an aqueous substrate to form thin films, finch films have been ex- 
tensively studied by Adam," Langmuir,*’ Langmuir and .Schaefer, 
Harkins," Gorier,'-''"” Blodgett,"* and many other.s. A recent review by 
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Sorter" includes a coinprciu'iisive bihlioirraphy 'covering particularly studies 
on films produced hy comiionnds of liiologie interest. The surface films pro- 
duced by various substances exhibit characteristic qualities v/ith respect to 
extent, viscosity, compre.ssibility, thickne.s.s, and structure. Such films may 
be formed by remarkably small amounts of material. Under appropriate 
conditions certain materials spread spontaneously to form films Avhieh are only 
one molecule in thickness. The small quantities required for observation and 
the characteristic qualities exhibited by physiologically important compounds, 
.such as lipoids and jiroteins, sugge.st the po.s.sibility that the procedures de- 
veloped in this field might be well adapted to the .study of body fluids in health 
and disease. 

The jirescnt report presents results of an exploratory survey made to 
ascertain the extent to which methods of surface film study are adaptable 
to clinical materials, especially as presented by patients with rheumatic dis- 
eases. A relatively simple technique based upon more elaborate methods used, 
in the study of surface films formed by purified oils, fatty acid.s, other lipoid.s, 
and proteins has been devised ; this reveals differences between blood flftfdF 
obtained from certain rheirmatic subjects and from control subjects. A com- 
pletely sati.sfactory interpretation of the .significance of the differences en- 
countered would require an extended and exhaustive analysis of each com- 
ponent fraction of the complete fluid. Such an analysis is beyond the scope, 
of the present survey. The data available, however, disclose a new physical 
index of systemic deviations from normal in the arthritic patient. It appears 
probable that comparable deviations occur in other clinical condition.s, and ap- 
plication of the technique described is not limited to rheumatic disorder-s.' 

CLINICAL ALATERIALS 

Patients from whom blood .specimens were obtained for study were in the 
dispensaiy, Avard or private services of the -\bington Memorial Ho.spital, pri- 
marily because of rheumatic complaints. The general class of rheumatic di.s- 
ease, together with relevant records regarding the elinico-pathologie picture 
is indicated with individual data on the surface films formed by the .specimens 

APPAKATU.S 

The apparatus and general procedure represent an adaptation of methods 
described by Langmuir.’" Details of coustruction are presented, not onlv to 
indicate fully the conditions under which data Avere secured, but also to .shoAv 
that semiquantitative re.s-ults can be secured even though commercial models of 
surface film balances or elaborate facilities for the constnietion of instruments 
are unavailable. A rectangular tray of brass Avas made by attaching tapped 
square rods (% in.) Avith scrcAvs to the edges of a bra.ss plate 30 x 8x V in 
A second rectangular enclosure Avas made by attaching .similar square i-ods 
within the first at a distance of ’/j in. from the sides and 1 in from the ends 
The second enclosure provides a water bearing Avhich automaticallv r^ides a 
floating barrier used in the preparation of plates with built-un films ‘rL.t '.J- 
has demonstrated that layers of barium stearate can be u.sed t ff d^ ” 
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measvxrc of (he thickness and lioinogeneily of films of unknown composition. 
The tray was fitted with a well 1 in, in diainetei- and M in. deep, 5 in. from one 
end of the tray. The in.side of the tray was jiainted with hlaek Diieo, which 
serve.s several jnirjio.ses ; viz., .seals the edce.s, inake.s materials floatin}' on the 
.surface of the water readily visihlc, and prevents eontamimition of the siih- 
.strate by metallic ions from the tray. IJefore nso, the inside of the tray ami 
the edges were coated with parafiin in order to make them liydrojihohic. 

To facilitate measurements of area, one edge was marked off in centi- 
meter lengths. In order to provide an index of the forces e.xerted by filin.s a 
chain balance was .suspended six inches from one end of the tray. This bal- 
ance consisted of a beam (made from bicycle wheel spokes), a knife edee 
(one-half of a safety razor blade), supported on a beariinr made by depressing 
angles in a glass rod. liUteral forces exerted by the film were tramsmitted 
to the beam by way of a vortical extension from the beam loosely attached to a 
float of mica, 5Vt in. by in. In order to prevent movement of tlie tihiis 
around the edges of the balance float and at the same lime to permit the iicoe.s- 
sai'y freedom of motion, the following nrrantroment was devised. The float 
wa.s fitted at each end witli thin .steel .strips with eipiilaleral notcho.s, in- 
Similarly notched strips (segments of .safety razor blades) were attached to 
the top of the inner edge of the traj*. A floating adaptor was constraeted hy 
fastening a piece of mica in. by Vs i"-) at right angles to a strip of thin 
steel V^> in. x Vi in. Tlie latter was notched hy a sipmre % in. by Vs 
commodate the mica. This adajitor was coated with parallin and placed be- 
tween the edge of the tray and the balance. While pernuTting movement of 
the float of the balance, the adaptor prevents pa.s.sagc of any material on the 
.surface water around the edge of the balance, Ihc.ssnrc exerted by the films 
being tramsmitted to the beam can be counterbalanced and lienee estimated 
by raising or lowering the free end of the chain. Tlic relative length of tlie 
chain suppoi’ted bj' the beam jirovidcs an index of pre.s.suros exerted on the 
float. The relative magnitude of the forces encountered were estimated by 
calibrating the length of chain in Icrm.s of the known forec.s exerted by films 
of oleic acid (29.5 dyno.s) and castor oil (.15.0 dynes). The construction and 
appearance of the apparatus are .shown in Pig.s. 1 and 2. 

imOCEDUKE 

After filling the tray with distilled water to a level of about Vio “i- above 
the edge, the surface was swept clean by a sliding parafiin-eoated chromium- 
plated brass rod from the balance toward eacli end of llic tray. lifaterials 
floating on the surface were thus confined to the ends of the tray. Such sweep- 
ing was repeated four or five times. As a result of these measures the surface 
of the water was made essentially free from gross contamination. On stand- 
ing under conditions prevailing in our laboratory, a film of essentially con- 
stant size aeciunulated on the working area, as slioivii bj' moving a swing of 
the balance from a poised position Avhen a barrier was advanced toward tlie 
float Unless tlie area of this blank exceeded 10 sq. cm. it was assumed tliat 
there was no significant source of contamination in the tray. As a result of 
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obsprvntinns on the blond plasma of about thirty arthritic subjects, it became 
apparent that the materials in aiiproximatcly one cubic millimeter of plasma 
produced films ■vvbieh eould be bandied ivithin the -working area. In vieiv of 
the difficulties involved in the direct discharge of this small A'olume of fluid 
from available measuring apparatus, it was necessary to dilute the sample. 
One c.c. of blood plasma or scrum was diluted with 4 c.c. of 0.85 per cent 
sodium chloride solution. Five cubie millimeters were discharged from a dif- 
ferential pipette. AYhilc some encouraging results were secured by the direct 
tramsfer of a droplet of the diluted sample from a pipette to the surface of 



water, reproducible results were not secured with satisfactorj' uniformitv It 
was learned that more nearly reproducible data were obtained by the inter- 
mediate transfer of the diluted specimen to a metal plate. The plate held 
in a vertical position was then lowered cautiously through the prepared sur- 
face of water until the specimen made contact -vmth the latter. The film-form 
ing materials spread to the free surface of the water. After standino- for five 
minutes the plate was dipped several times in order to insure the tranrfer of all 
of the specimen. Whether the improved reproducibility of results was actually 
due to this step or to increased skill in manipulation has not been established 
The data presented here were secured by this procedure. The quantity^ f 
film-forming material so introduced was insufiRcient to cover the enf ‘ 
of the tray. The films could be moved on the surface bv slowlv pH,- 
barrier toward the balance until the latter moved away" from th 


3074 


THK JOfKXAI. OI- I,.\llO|{A'n«tY AND Cl.INtCAI, .Mi;i)ICINi; 


silion. Tlu' harrii'r list'd for iiiaiu-nvfriiijj llic lilni was fidod with a f.'lass slide 
ecnionlpd on at anirlt's. llms fimolioiiiinr as a 'i'-siinam The lontrittidinrd 

oxtciit of tlio film was llicii noted, foirctlior with the w«‘i"Iil r<'t|iiir(‘<l to counfci'- 
balanea fho force exerted by tin* fibii. Siiei'essive <leerenients <ii /irea were 
made by advaneinte t!ie barrier liy steps of em, 'I'his was followed by mnk- 



Fip. 2. — Line iliiifrr;uii5 .'ilinwidc t’oii.xtiurtloti <if Mirfaro Him Imliinrc. Ili-.^cripOoti : 

A, Top vlou' of Imliinoo ; /. woll ; 2. luovnblo Inri b'i' : .1, linlmn'i'. 

a. Fnil vioiv of b:ibi;if’o; /, hi'tiin ; 2, ; .T, (ray. 

C. SUlo viow of lialanco ; /, woll : 2, mi»val>K‘ harrlor." ; *, bram ; -i, ."bi'porl anil boarlnp: 

5, float ; 0, cliain; 7. tbrcail; rod wlnilla.'i.'i. 

1). Top viow .«lH>\\’in;r .at<arb«K'nt-<*f-floa(-lo oiUa* of tray; /, oiIko of tr:iy ; 2, thin ■•itoo! 
notch; .7, adapter: U thin .slci'l notch; S, mica float. 

27. Bnd Vico- oradajflcr. -5 ‘ 

P\ Sitlo view of bcarhif;; I, pla.i.i bcarlnp; 2. knife odpc ; ,7, beam. 

G. Knd viotv of hetirinp: /. Bla.i.*! bearinp; 2. knife edpe ; .1, beam. 
f/.-Ttfl) view of bearliiK: /. pla.'-.i bearInK': 2 , knife cdpe; .1, beam. 

• .. f 

ing.-Corresponfling adju.sinionts of the .balance. I'^oi’ce-arca charts were eou- 
strnclcd by plottinn: the area in .square eentimetors as ab.seis.sa and the force 
in dtuie-s a.s ordinate. 3'Jie foi'ee-area diajfrniiis .so jn'oduecd h.v different .speei- 
mens w’ere tlien compared by inspection. 

RE.SUI..T.S 

In order to indicate the raiitce of values secured by roimated determina- 
tions with the same specimens of blood, representative data are shown in Fig. 3. 
'While the points in these instances are not identical, variations are snffieientl.v 
close to permit a satisfactory comparison of areas covered at any convenient 
reference pressure. Data secured rvith other samples were at least equally 
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salisfjietory. It may Im ohsorvofl that a sicrnificant difference in area appears 
hetween the films jirodueed by plasma and serum of the same blood. Dif- 
ferences of corresponding ma!.Hiitude appeared between fre.sh and old plasmas 
from ra])idly sedimentinir bloods. 

Data .showing the range of representative data encountered among speci- 
mens from arthritic iiatients are .shown in Fig. 4. While inspection reveals 
.sonic differences in the slopes of the force-area curves, tlicse arc too small to be 
considered significant ; however, the range of variations of film size are too 
great to be referred to vari.ations in technique alone and must be regarded as 
real. Variations in area from l.'iO sip cm. per 1 c.mm. plasmas to 545 sq. cm. 
per 1 c.inni. plasma were encountered. 

Curve VC represents the force-area diagi-am produced by a surface film 
formed by plasma from a patient with the most extensive and severe active 
atrophic arthritis in the entire scric-s. This patient died one month later with 
a pathologic diagnosis of amyloidosis with atrophic arthritis. At the time of 
the last observation the total iirotein was only 4.4 Gm. per 100 c.c. Curves CD 
and DL represent data from patients xvith active arthritis, each of whom pre- 
sented sedimentation rates of 1 mm. per min., but with a total protein of 7.2 
6m. per 100 e.e. Curve PP represents another normal control sub.iect with a 
normal sedimentation rate. JIP represents a ease of hj^iertrophie arthritis 
which is intemediate between the nomial sub.)eets and atrophic arthritic 
patients. 

DLSCUSSIOK 


Although the initial and final portions of the force-area curves of the 
several films are variable, the middle portion approximates a straight line. 
For limited purposes it may be assumed that extrapolation of this segment of 
the curve to the base line represents the effective area covered by the film at 
“zero” pressure, or more accurately, a suitable reference pressure. Olmouslv. 
any other selected pressure xvithin the limits of 13 to 15 dynes could be used 
as a reference point. It is conceivable that the first swing of the balance is pro- 
duced by an extended portion of the film only or a “gaseous” film. For this 
reason an appreciable amount of compression is essential in order to prox-ide 
assurance that the apparent area of the tray is covered by a smlxstantial film. 
A constant increment of pressure xvith decreasing area may be regarded as 
indicating the formation of a reasonably stable film. The final stage, charac- 
terized by a relative decrease in pressure xvith diminishing area, mav be at' 
tributed to collapse, folding or submersion of the film. The poiibilitv that 
some components of the film are forced into solution cannot be dispokd of 
by data at hand. The release of pressure after compression in excess of 15 
djmes did not uniformly yield a film equal in area to that of the ori<^inal 

It is probable that the film formed by blood fluids is composed'of sm-eral 
substances. Certain components of blood are kiiomi to form J, 

when used alone. Lipoids, i.e.. fatty acids and sterols, and proteins are 
to possess film-forming properties. Furthermore, surface fiLs of mix 4 
position have been prepared from several of the aforemt “LtL 
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compouiuls. A full nocnunt of the role of the individual compounds of the 
surface film formeil by blood scrum is beyond the scope of the present ex- 
ploratory study. 

The values recorded are not to be rcfrarded as absolute and might vary 
with different techniques. There can be little doubt, however, as to the reality 
of the relative ditferenees observed. The films formed by materials from blood 
scrum are probably at least 2.") per cent larger in area than can be accounted 
for by the proteins contained in them, even on the assumption that the latter 
arc pro.sent in their most extended -state. It is conceivable, however, that 
modifications in spreadable qualities may occur during the proce.ss of isolation 
of the proteins. 

Another point of interest is the apparently larger areas of the films pro- 
duced by .serum as compared with those of pla.sma. This is particularly note- 
worthy inasmuch as fibrinogen, a .spreadable material, is absent from the 
serum. This .suggests that the reactions leading to the formation of fibrin 
from fibrinogen liberate materials with spreadable qualities. Determinations 
of film areas produced by a given plasma repeated at daily intervals revealed 
substantial increments. In vitro ageing of certain plasmas apparently involves 
a liberation of film-forming material. It is further relevant to call attention to 
the possible correlation of increased spreadability of serum and the suspension 
stability of the erAdhrocytes. Cells which settle rapidly in pathologic plasmas 
settle much more slowly in the corresponding serum and in aged plasma. 
These facts suggest that serum and aged plasma increase the suspension sta- 
bility of red cells because of the relatively large amounts of film-forming sub- 
stance as compared with the quantities present in fresh plasma. An alternative 
explanation based upon dilution of plasma by fluid from cells due to excessive 
salt concentration ; viz., sodium oxalate, is not to be completely dismissed 
although this influence appears to be minimal. 

While it may be considered possible that differences in the physical qual- 
ities of the film formed by blood serum Avith a high level of globulin might 
differ from that containing normal globulin concentrations, data presented by 
Gorter” Avould appear to minimize this probability. Several blood proteins, 
although AAudely different in general physical qualities, spread to form films 
of essentially the same magnitude. Thus both pseudoglobulin and fibrinogen 
form films to the extent of one square meter per milligram. Serum albumin 
AA'hich differs markedly from both of the former, in respect to molecular 
Aveight, electrophoretic mobility and solubility, spreads to form a film onlv' 2 
per cent less in area. Apparently such differences as may be presented bv 
pathologic specimens are not directly related to differences in the protein com- 
ponents alone. 

According to press reports Langmuir’® has patented the use of the variable 
thickness of surface films for the diagnosis of disease. For this reason pre- 
liminarj’ observations on the thickness of these films by the method of 
Blodgett.’® although initiated, Avere not further pursued in the present studies. 

The adaptability of the procedure to the study of clinical materials has 
been reasonably Avell e.stabli.shed. and the method affords a practical means 
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of studying oxtrf'iiu'ly siiinll <[U!Uttitivs of hioloudc, fluids, (Vuiipni-ison of the 
spread of a mixed film with the sum »d‘ the ureas of its eomjmiieiils may afford 
a means of deteetiiur otherwise uidciiowii suhslatiees in Imdy fluids, 

A com])arisou of data oil varituts arthrities with <'oiitrols sutrtre.sts thnt 
patients showiim the greatest ueiu'ral .systemie in vohamieut and eliiiiral ac- 
tivity present the rri'eatesl departures from riorma! insofar as areas oi surface 
films are coneerin>d, Sueh deviations from normal are in the direelion of low- 
ered rather than iiiereased areas. It appears likely that eerlain .noiiartliritic 
pntionis, partieularly those with hnvered levels of pla.sma allmmiu, may e.v 
hihit a similar dejuirlure fi'om noinial, h’oi’ this nuisoii, deviations from nor- 
mal areas of snrfaee films are not to Ik- regarded as salisfaetory solitary in- 
dice.s of the arlhritie proee.ss jier .se. Ifeirnrdless of the preei.se interpretation 
to he placed njmn the siirfaei* films from blooil plasma of the arthritic patients, 
it Ls evident that the illness of the rheuniatie patimit involves more than dis- 
turbance in joint.s. 

Sf.MMAIiy 


' ^ 'A brief .survey of an adaptation of procedures employed in the study of 
gurfacc fdms directly to elinieal materials reveals suirtrestive jio.ssibilitio.s. A 
semiquautitative technique for the production and .study of films ou (lie .surface 
of water from small amounts (one euhie milliiiHUer) of hiood .serum and plasma 
has been developed. Diffoi'eriee.s have been observed with re.speet to the areas 
of film.s produced by equivalent volumes of normal and palholotric specimens. 
The areas of fdm formed hy hiood fluids from jmtionts with rlieumatic dis* 
orders are frequently .smaller lhan fho.se produced by blood fluids of normal 
subjects. One cubic millimeter of normal plasma produced films with areas 
of 550 .sq. cm., Avhereas the same (piantity of plasma from certain severely ib 
atrophic arthritic ])nticnts ])roduee<l filin.s ranirinfr from 150 to 450 sq. cm. 
Films produced by pla.sana from le.ss acutely ill arthritic .subjects attained 
more nearly normal areas. Tliese data show that the rheumalie patient .suf- 
fers from a disorder of the ])hy.sieoehomieai imttern of ids blood as well as 
from a patholo"ie process in his joint.s. 

While these deviations apparently Iioar a frcnoral relation to the degree 
of .systemic involvement, they .should not be regarded as pathognomonic for 
arthritic diseases. .Some evidence is pre.scnted itulieating the jirobahility that 
a major factor determining the magnitude of the films relates to variations in 
the concentration of proteins in the .sjiecimons studied, hhill interpretation of 
the ob.servcd differences roquire.s more data than arc now nvailalile, but there 
are reasonable grounds for the .speculative A'icw that certain phy.siologie con- 
sequences must follow upon a reduction in the “film-forming stufT’’ in body 
fluids. An evaluation of the role of film-forming eniiacitj' of blood fluid.s in 
physiologic processes and the modifications in pathologic states invites further 

inquiry. 
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VITAMIN A AND THE DETOXICATION OF MONOBEOMOBENZEN'E* 


Pr.ank L. Haley, ;M.D., and George S. .Samcelsen, il.A., Brooklyn, N. Y. , 


"^HE 5'ital relationship of cystine to insulin, glutathione and other fnnetionaUA- 
* important sulfur compounds, led ns to experiment with monobromobenzene 
which according to White and Jackson^ and Stekol,- is specifically detoxicated 
by the sulfur containing amino acids, removing them from the normal nutritional 
processes. 

In our experiments," animals were fed quantities of monobromobenzene far 
in excess of the amount that could have been detoxicated if all of the sulfur 
compounds of the diet were utilized for that pui-pose, and led ns to suspect other 
modes of detoxication. 

Goemer^ working in this laboratory has sho-A-n that certain carcinogenic 
hydrocarbons cause a rapid depletion of the liver vitamin A. This suggests that 
this vitamin may play a role in the detoxication of aromatic hydrocarbons and 
related compounds. 

lyn. Biological a.emi?trj-. Long Island College of Jredicine. Brook- 
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In this work wo have nlfomptod to show a relatiotisliip of tiio vitamin A con- 
tent of liver tissue to the detoxication of nionobroiiiohenzene. 

r.Xl*ERIMi;XTAE 

The experimental work is divided into tliree ])liases. The first i>)inso is a 
stud.v of the cfi’cct of injected monohroinohenziuie on vitamin A deficient rats; 
the second, the feedin<r of nionohroniohenzene to normal rats and determining 
its cfTcct upon the liver vitamin A level; and the third, the mcasurintr of the 
effect of suheutnneous injection of monohrotnohenzene at various levels over 
various time intervals uimn the liver vitamin A level. 

'Experimeni No. J . — A small series’^ of white rats that had been depleted 
of vitamin A hy the U.S.P. method and an etpial numher of normal control 
animals were given suheutaneous injections of 100 mg, of monohromohenzcnc in 
the form of a 10 per cent solution in corn oil. 

All of the rats in the vitamin A depleted group died within 48 hours after 
injection, while the normal animals .showed no harmful effects. 

Experiment No. 3 . — A e:roup of 20 adult while rats, designated A, were 
placed upon a normal lahoratory feed (0..14 per cent S) that had hecn supple- 
mented with 2 per cent of monohromohenzone. The monobromohenzene was in- 
corporated by mixing it with twice its weight of corn oil before adding if to the 
stock diet. The prepared diet was stored iji airtight containers. An ef|nal num- 
ber of control rats, designated B, were maintaiiied on the unsupplemented stock 
diet. At intervals varying from three weeks to three months a few animals 
from each group were killed and their livers n.s,saycd for vitamin A content. 
The vitamin A was estimated hy extraction according to the method of itloore*' 
and the vitamin determined by the Andei’sen and Levine'’ modification of the 
method of Rosenthal and Erdclyi,' using a biologically standardized vitamin A 
concentrate as a standard for this colorimetric procedure. 

The results of this experiment are tabulated in Table I. 

Experiment No. 3 . — Four series of adult white rats were placed u})on a 
normal complete diet and given subcutaneous injections of monobromobenzene 
dissolved in corn oil (50 mg. per c.c. of oil). 

Series A reeeived 50 mg., .series B 100 mg., scries C 150 mg., of monobromo- 
benzene, and series D 2 c.c. of corn oil without monobromobenzene. 

The injections of monobromobenzene were made three times each week for 
a four-Aveek period. At the end of this time the animals in all four series were 
killed and their livers assayed for vilamiii A content (Table II). 

DISCU.S.SIOX OP RESULTS 

The first experiment shows that animals depleted of vitamin A haA’e an 
extremely low capacity to Avithstand the toxic cflect of monobromobenzene. Tin's 
poor resistance cannot be entirely related to the absence of vitamin A, since 
such animals are in poor physical condition. 

In the second experiment the loAA'cr Adtamin content of the animals receiving 
the monobromobenzene is definite CAddence of a liarmful effect of this agent. 
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Table I 


r.uorr 1 

CROUP B 

HAT 

Xr.MUKIi OK 

TOTAL VITAMIN A 

HAT 

NUMBER or 1 

TOTAL \TTAMIK A 

XO. 

DAYK ON purr 

CONTKNT OK MVKU 

1 NO. 

D.VYS ON niETj 

CONTENT or UVER 

1. 


1130 unit.^ 


21 j 

990 units 



650 units 


21 

700 units 



1700 unit.s 

23. ' 

28 

1150 units 



1050 units 

24. j 

28 

1100 units 

5. 

,35 

j 460 units 

25. * 

35 

1160 units 

(I. 

35 

[ 650 units 

26. ' 

35 

1 

870 units 

7. 

42 

900 units 

27. ' 

42 ' 

730 units 

s. 

42 

150 units 

28. ; 

42 

650 units 

9. 

50 

S70 units 

29. 

50 I 

1010 units 

10. 

50 

SOO units 

30. 

50 1 

950 units 

11. 

62 

1 

55 units 

31. 

62 

750 units 

12. 

62 

620 units i 

32. 1 

62 

1170 units 

13. 

71 

1040 units 

33. 

71 

650 units 

14. 

71 

610 units 

34. 1 

71 

SOO units 

15. 

7S 

630 units 

35. 

78 

850 units 

16. 


220 units 

36. ' 

78 

850 units 

17. 


3S0 units 

37. 

S5 

940 units 

IS. 


140 units 

38. 

So 

620 units 

19. 


400 units 

39. 

92 

880 tmits 

20. 


350 units 

40. 

92 

1030 nnits 


Group A received 2 per cent monobromobenzene in diet. 
Group A iost 0.11 grams per rat per day while on diet. 
Group B lost 0.00 grams per rat per day on the normal diet. 


T.t.BLE n 


SERIES A 

SERIES B 

SERIES c 

SERIES D 

RAT 

NO. 

TOTAL LIYLR 

VITAStlN A 

RAT 

NO. 

TOTAL LIVER 
VlTAAtIN A 

RAT 

NO. 

TOTAL UVER 
VITAinN A 

RAT 

NO. 

TOTAL UVER 
VITAiaN A 

51. 

52. 

53. 
54:. 

55. 

56. 

760 units 

S30 units 

270 units 

680 units 
1100 units 
940 units 

61. 

62. 

63. 

64. 

65. 

66. 

440 units 

760 units 

910 units 

900 units 

650 units 

870 units 

71. 

72. 

73. 

74. 

75. 

76. 

800 units 
1260 units 
850 units 
1020 units 

800 units 

590 units 

81. 

82. 

83. 

84. 

85. 

86. 

880 units 

750 units 

910 units 

390 nnits 
1100 nnits 

850 units 


Series A received 50 mg. monobromobenzene three times each week. 

Series B received 100 mg. monobromobenzene three times each week. 

Series C received 150 mg. monobromobenzene three times each week. 

Series D received no monobromobenzene. 


It cannot be assumed, however, that the vitamin decrease is directly due to its 
action in detoxifying the monobroraohenzene, since there is the possibility that 
the monobromobenzene interferes ndth the absorption of the vitamin of the diet 
The fact that only minor weight changes occurred during the experimental period 
proves that any interference with the absorption processes is not extensive 

The injection procedure of the third experiment did not cause a noticeable 
change in the liver mtamin A level and proves the lower vitamin A levels ob 
tained in the second experiment are not due to a deto.xication process but are 
possibly associated with a failure to absorb the vitamin from the intectitml ! 
in the presence of the monobromobenzene, tract 
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SCMMAUV 

Vitaniiii A duos no! aiipiTif to he associated with the detoxication of inoao- 
hromobenzone, altluniuli vitainin A deficient animals liave a lowered resistance 
to this toxic agent. 

There i.s .soine evidence that nionobroniohcnzene inlerferc-s with the ahsorji- 
lion of vitamin A. 
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S YI? IXO A I ) MXn' I s S L' p]> L’ HA T I V A T H O I ’ I C A LIS 
(A COMPJdUATlOX OP LICHEN THOPICUS)*’ 


IlhSTOLOGic Ait’Eahanok a.n'o ]'j'noi.o(!ic CnN.sinmtA'nox.s ]'Aii'nciT...\inA' as to a 
Pos.simA; Hklatiox.siui* or Asconiiic Acm axd CAiiaoHi nnATK Mi;tai!Oijs.m 


FitKDKUlt'K HkISS, H.D., SllAXOIlAI, ClllXA 


T he observation has been nnide by eomjielent observers that few persons in 
the tropics escape being affected by lieben tropicus (prickly heat). Those 
without prior history of attack are generally free or are mildly tiffected during 
their stay in hot climates, whereas those previously affected tire usually sub.ject 
to subsequent and increasingly severe attacks of this very annoying disease. 
Only a limited number of patients with prickly heat <lo\'elop comjdiealion.s in the 
form of multiple furuncle-like lesions. Since only a few referenecs have been 
made in the literature to this complicatiou, it was considered important to jiresent 
the subject not only from a general elimatie-palliologic but also from a derma- 
tologic point of view. 

■Without going into a detailed discussion, it should he noted that no accept- 
able explanation has been yet offered regarding the cause of lichen tropicus. 
Unna* considered it an inflammatoiy disease of the sebaceous glands but also was 


•iT'r.nm thp Division of Dermatology and Syphllology, National Medical College. Slianghai, 
( Chief ; Frederick Reiss. M.D, ) 
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aware of an odomatons swelling and obstnietion of the epidermal cells due to dis- 
turbances of sweat secretion. Pollitzer' was partly in agreement with Unna’ 
and he empliasiKcd the obstruction of the flow of the sweat with subsequent 
.sweat imbibition and .swelling of the epidermal cells. Kayser’ stressed the irritat- 
ing effect of urea and sodi\un chloride of the sweat, whereas Ziemann'* finds an 
explanation in high atinosijheric humidity. Acton^ speaks of an inflammation of 
the sweat glands eaused by staphylococci and Smith'’ considers Monilia as the 
etiologic agent. Very little investigative work has been done to shed light upon 
the complications of the subsequent suppurative involvement of the s\veat glands. 
Host textbooks make few references to it and many do not even mention the 
existence of these after-effects of piuckly heat. Castellani" stated that “occa- 
sionally the vesicles may become purulent and crops of boils may develop.” 
Hanson-Bahr® agreed that prickly heat is a common though an indirect cause 
of boils; for the “breaches of surface following on the scratching it induces 
afford many oppoi’tunities for invasion of the micro-organi.sms of furuncular 
disease.” Plehn® (in ilensc’s handbook) reiei-s to the lack of cleanliness and 
scratching which may be blamed for extensive lesions and deen .suppurations. Tn 
recent literature Acton and Smith"- make brief mention of its occurrence in 
India and Nigeria, respectively. G. PemetV'’ histopathologieal interpretation 
of Radcliffe-Croekers case of acne agminata should, however, be mentioned, this 
being the first observation of similar nature. “The primary change appeared 
to occur about the sweat coils which were more or less disorganized by an in- 
flammatoi-A' leucocytic infiltration. In parts, a hair follicle had also become 
involved and necrotic changes had taken place in the central parts of the infiltra- 
tion. There is also a perivascular infiltration. The origin about the sweat gland 
agreed with the clinical evolution of the individual lesions, which commenced 
in the deeper parts and gradually came up to the surface with suppuration. 
The disease had started somewhat suddenly, about the end of August 1901 
while the patient was at the seaside for his holiday. No plasma cells were found 
by Pappenheim’s method; few sections were stained for tubercle bacilli with 
negative results.” 


Lichen tropicus (prickly heat) makes its appearance when the temperature 
is around or above 90°, in regions Avith high atmospheric moisture. The onsel 
is characterized by a severelj* itching disseminated, foUicular, periporitic 
vesicular eruption which the naked eye would recognize as a small foUiculai 
macule. The most favored regions are the covered parts of the body, especiallv 
the flexoral folds where often the eruption first appears. Only exceptionallv is 
the face more severely involved than the rest of the body. The tiny vesicles soon 
become turbid, rupture, and occasionally an eczema-like plaque appears which 
adds to the already existing irritation. 'With the change to cool weather 
wlien proper treatment is given, the eruption subsides. This is followed b 
fine desquamation. • ^ ^ 

A Complication of Lichen Tropicus.-As already pointed out, onlv a limited 
number of people show severe involvement of the face and these are tl, 
who are frequently subject to a peculiar complication. Thou-rh itchin<^^^ 



1084 


Tin: .HU'HN'Al, 01' l,Ali01!AT0UV ANI> (•t.INMCAl, MKIHClNi: 


be absent on the faee or lie ctinsidrraiily attfiiuiited, tiieie appears instead a tnow- 
ing sensation of tension over the face (raiady ovet the biittoeks or tiie siili- 
inaniinillary regions) which is fol!ow«sl by the appearaiK-e of nnnieri>tis painful 
sj)lit-)K'a-size(l and largt'r sni>erfieial and deep nodides (Fig. 1). These lesions at 
tile onset are eoverei! by shiny re<l shin whieli, after several days, may eitlier ile- 
veloj) a purulent to}> with sulisequent suppuration of deeper jiorlioii of the 
lesions, or tlie lesions may tlisappear after four to eight weeks by absori)tii)n. 
!Many weeks aftei- the disappearance of the lesions there still remains a visible 
trace in the foian of a distinct hyper|)igmentation. Scari'ing oeeurs oeeasioimliy. 
'I'lic course of the disease is limitmi to from one to two and one-half months, 
during Avhieh time patients are ineapaeitated, not only on account of the an- 


, 



FiEf. 1. — Profuse outbreiik of noduliir Ic.sion.s wllli Iltulled liivohetnenl of the upper nnd 
lower eyelld.s. Note the eoiiiplete freedom of the center of the upper Up and of the chin. 

Fie. 2. — Le.slon.s are numerous on the hridse of tlie nose nnd foreliead. but llie periocular 
or perioral reirion.s are hardly affected. 

sightly ap 2 )ea ranee but at times also on aeeonnt of ])ain and constitutional symj)- 
toms. Regional lymph nodes are .slightly enlarged hut never suiipurntive. This 
complication has been named syringadenilis suppurativa tropiealis. 

Occurrence of ihc Com plica lion. — Of twenty ca.ses ])ersonally investigated, 
the face alone was affected in sixteen. The forehetid and the bridge of the nose 
showed the severest involvement, whereas the periocular region, the upiier liji, 
especially the center (philti-um) and the lower lip and chin were free (Fig. 2). In 
two eases a few nodules developed on the bullocks of two men and in two women 
few lesions were observed under the breasts. In not a single instance were the 
Lillae, the palms or the soles involved. 
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IIIHTOPATHOIAK'.Y OF TIIK COMPIACATIOX 

On Jicpomit of tlio sito of tlio Irsions only a Yciy limited number of -women 
?avc their consent for biopsy. Jlicroscopic examination of the 20 cases -were 
thcrefoi-e made in o7ily 8 instances. In four eases .serial sections were made. 

Epidermis . — In .trencral the epidermis shows the following ehai’aetcri.stic 
changes. In the ma.iorit.v, a distinct enlai'gement of the .sweat and follicular 
orifices is ohserved. In an ccpial number of cases a subcorneal cavity is filled 
with detached, poorly staining cells, scrofibrin and in later stages with leuco- 
cytes and organisms. The pustules arc intraepidci-mal (producing splitting of 
the layci-s), the floor being composed of an edematous rete malpighi and the 
roof of lightly stained edematous prickle cells. The contents .showed necrotic 
cells, leucocytes, and cocci. The surrounding area is distinctly edematous. These 
changes correspond to the position of .sAveat glands and in .sections one can fre- 
quently trace an inflammatory focus above a sweat gland. 

Corinm . — The corium is the .seat of ma.ior changes (Fig. 3). The papillary 
capillaries arc dilated and surrounded by leucocytes and hunphocytes and occa- 



Fig. 


3. — 'Low 


power photomicrograph showing; dilated pilosebaceous orifices* cellular 
down above a sweat gland, with partial involvement of the coils. 


breaks 


sional plasma cells. The sweat ducts are also di.stinctly dilated and invaded bv 
leucocytes and poorly staining cocci. This change increases \vith the beginning- 
of the sweat duct. Xot a single duct shows a cellular breakdown. The area above 
the sweat gland is generally the seat of cellular disintegi-ation where small 
ca\'ities are formed filled with necrotic cellular debris, leucocj-fes, and cocci. The 
coils are frequently also involved in the disintegrating process; there is no 
conclusive evidence as to whether the primary seat is the glandular parench-r-ma 
or whether the infection is transmitted through the duct or from the surroundino’ 
area. But it seems very suggestive that the infection travels partly via the 
sweat duct. Rarely, perifollicular absce.sse.s involving the sebaceous "lands are 
noticed. Jlost of the sections, however, reveal a tendency for abscess formation 
to develop above the s^veat glands and only in rare in.stanees is the localization 
a haphazard one. The cutaneous hunphatic spaces are dilated and infiltrated 
with inflammatory cells. At times one gains the impression as if the nrn« 
would spread by the lymphatics. ^ 
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CFANtCAI. XOTFCS 

Our inveslipalioFi of syrinffatlrnilis suppuF-jitivii Iropicalis was caF’rirs] 
out dui’F'ng the luonfiis of Juiip, .Tuly, aiul AFitiusf iii lOHH, 10-10, ufkI UMl atid 
is based oii Ihc observalioFi of fwoFily Cliijie.se pjifieul.s ((‘igiifeoFi fenialf'S, Iwo 
males). Tlie youngest, wa.s 17 yeai-s of age aFid the ol<l<‘st 20. While tliis report 
deals only with Chinese, it shoiFld he noted tliat a siFiiilar eoniplieation is occa- 
sionally met with in other races in the same locality, wJiosc occupation dcninrids 
an outdoor life (at times also after long gaFiics of tennis, golt‘, ate.). A .sfialuFig 
feature in our cases was the pi-evalcnce of the disease on the face and the i>fc- 
dominating number (flO per cent) of young women (fanncF-. gaidener ela.ss). 
Lack of cleanliness of the face can he safely discaF-ded tis a possible cause hecauso 
the Chinese indulge i?) frequent wii>ing of theii- f.aees with towels dipped in boil- 
ing water. It could also ho eonsidei-ed that .serateliing could he a eontiahutory 
factor for infection. Tlic fact, howevei*, is the least irritated p.'tF'l of the skin 
and is hardly ever scratched. These possible exogenoiFs ctiologic factoF-s were 
therefore partially cliFFiinated and our attention was dF-awn to certain climatic 
and metabolic considerations. Tlic staple food of the class of Chinese iFuder 
our investigation consists of vegetables and jrolished Face. The iFFtake of vitamin 
G during the summer is adequate and a nFFti-ilional insiFfnciency seeFued tFFFlikcly. 
For the sake of coFiipaiTson if .should be FuentioFFcd tlFal off aeeouFFf of IIfc lack 
of green vegetables, the ascoF-bic acid level in the blood serFFFFi of th(F ChiFFC.se (in 
Peking) is considei-ably lower dFFriFFg wiFFfer. This, FFceoF-ding to T. F. Yu." i-‘> 
not due to racial difi’ercFFcc beeau.se the seriFUF aseoF'bie acid level goes up im- 
mediately as .soon ns a.scoF-bie acid is added to the diet. 

In tropical Java, de Haas’= investigated the vitamiFF C seruFU level of Chinese 
and found that 0.8G mg. per ccffI was the avcF’Jige foF- -12 iFcalthy pcF-soFFS. Our 
(unpublished) obsciwations in healthy individuals duriFFg liie suFUFuer moFFths 
gave substantially the .same resiFlfs. We expected tlFCF-cfoF-e that IIfc excessive 
perspiration maj" cause an appi-eciable loss of vitiiuFiFF C. This aliOF'.'itioFF FiFny 
render the depleted skiFF susecptibic to infectioFF. FFFF'lherFFFOF’o, a distuF-bed 
carbohydrate metabolism was expected, basiFFg offi’ sFFpposilioFF off the fact that 
an increa.sed blood or ti.ssue sugar coFFlcnt is ftivoF-able foF- IIfo developFFFCFit of 
pyogenic infections of the skin. Our iFFvcsligatioFi included (1) blood seriFFii 
vitamin C detennination (according to Pi.ioaFi aFFd JCleFnperer'’), (2) l)lood 
sugar deterFninations (according to HagedorFF aFFd Jcifscff).” 

Serum Vitamin C Determinations. — Among the 20 paticFFts investigated, 
the lowest level was 0.05 mg. per cent and the iFighest 0.78 mg. per cent. The 
average was 0.15 per cent. The daily adFFFinistration of 200 to 300 mg. of ascorbic 
acid (Eedoxon "Eoche") increased the blood seruFii vitaFFFin C level only UFod- 
erately (10-20 per cent) during the period of excessive perspiratioiF, whereas 
there was a definite rise with the onset of cooler weathci' and subsiding perspira- 
tion This gives aFi indication of a possible partial pathomechaFiism for IIfc 
vitamin C depletion and may also explain to a eei-tain extent our difficult}' in 
obtaining a saturation level of vitamin C during the period of excessive perspira- 
tion. 
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BLOOD SUGAR TOLERAXCE TEST 

Among the 20 eases investigated, the lowest fasting glucose level was 40 mg. 
per cent and the liighost 70.5 mg. per cent making an average of 50.5 mg. per 
cent. After the intake of 1.75 Gm. of glucose per kg. of body weight, the blood 
sugar concentration showed a rapid rise (30-50 per cent) in the first fifteen 
minutes. After forty-five to sixty minutes, there was a drop of 15-20 per cent 
as compared with the initial rise. After two hours the level reached its highest 
peak with an increase of 40-50 per cent as compared with the fasting blood sugar 
level. After three hours, a 40-50 per cent increase was still present. This 
pattern of blood sugar tolerance has been observed in 80 per cent of the cases 
that were studied. A tj^ical example is Chang Chen Chi, 17-year-old girl 
(O.P.D. No. 137149). (Chart 1.) 

Glucose was not detected in a single specimen of urine. 

MG.% 



Chart 1. — Tj-plcal glucose tolerance cun-e. 

INTERPRETATION OF DATA 

In order to correlate the low serum ascorbic acid, with the low fasting blood 
sugar level, and the delayed glucose excretion, it may be of interest to recall 
the many investigations dealing with the relationship and nith the effect of 
ascorbic acid on carbohydrate metabolism. It may be stated at once that there 
is a great variation in the reported results which is probably due to the different 
methods in use. While a number of investigators found that the administration 
of ascorbic acid to diabetics lowered the blood sugar; others such as Asinelli 
aiosonyi and Aszodi,*« Stoicesco and Gingold*' and Tarsitano and Spena’« found 
that the administration of ascorbic acid increased the level ef 
VUlc- found that ,-itamin C modioa.ion i„„„asod the bM ^ar^rir 
cially under hj^oglycaemic conditions. Stepp-® and Schroder” and Alt 
burger” investigated the glycogen mobilizing effect of adrenalin. They found' 
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a higher hlood .sugar peak alter <'(iuihiiie*l aseorliic. acid iiu'flieatiou in comparison 
^\ilh adrenalin alone. Kn'itinair"^ <H)nfirmetl tiu'se (indings with hi.s e.Kporiinont.s 
ori^ eat.s. irainne-^ gave ample proof in hi.s <-xcelh‘tit monograph of the relation- 
ship of earbohydrate.s and vitamin (' nietaholism, According to Iii.s very care- 
fully executed sludie.s. the glucose toh'rance <‘urve showed an ahnm'iiial 00111x0111 
h\ po\ itaininosis L. Not only was an excessive rise of hlood sugar ohserved, Imt 
the post alimentary insulin .secretion was provoked much later in compariKon 
i\ith ca.so.s with a normal vitamin <’ stamlard. It should he noti'd that animals 
kept, on a low vitamin diet devidop a eom|iensatory hyjierirophy of the islands 
of Langerhaiis. (Kondoni and Monlagnani,'' Monasterio,”'' Ihirghi-' and Do 
Otto. ) These findings are ]»arallet witii the eonelusions reached hy De.ssy and 
Doneddu- who tonnd that hoth in normal per.sons and in diabetic patieiit.s in- 
ti <nenously administered ascorbic acid was recovereil in greatly reduced amounf.s 
mIicii a simnltaneoiis intramiiscnlar in.iection of insulin was given. 

Theie i.s little doubt that the close int<-rrelationshij» belweim the earboliv- 
dratc metabolism and vitamin (’ is firmly established. Apparently vitamin C 
plays 111 the carbohydrate metaboli.sm the role of a bio-regulator. In other word.s 
vitamin C enters into the regulation of the blood glucose level in an important 
A\ay in lliat it increases (bis level in bypoglyeemia and deereases it in h.vpcr- 
glyccmia. This interpretation wouhl al.sn ofl'er a nsisonahlc explanation for oiir 
findings. 

^ Not only is the low fasting hloo.l sugar level eompatihle and explicable 
with the low vitamin C hlood serum level hnl the ahiiorma! glueo.so tolerance 
te.st IS a further oharacteristic in cn.ses of vitamin C .leficiencie.s. The high 
blood sugar curve after 2 hours indicates a lowered tidoranec for carbohy- 
drates and the persistent patlioglycemie peak after 3 hours serves ns an added 
confirmation to the foregoing statomenl. The nne.xjieeled rednelion of the 
blood sugar lc\el after the initial rise is due to the efi'ecl of the low vitamin C 
level which stimulates in.suliii secretion (insulin effort jihonomenon). This 
sudden effort apparently binders the .snbse<|nent insulin secretion, wbieli sup- 
position is well based on the renewed ri.se of the blood sugar level which almost 
bcais a eeitain rcscinblanco to the blood sugar curves seen in diabetic patients. 
How fai the adrenals are involved in this nieclianism on account of the low 
vitamin C level, or are altered in their function on aeeount of the enormous 
loss of sodium chloiidc tlirougli i)er.s]iira 1 ion .should be made a snb.icet of 
further studies. It i.s, however, noteworthy to mention that iHcQuarric^" ob- 
served a more efficient cnrhohydT’atc utilization with a high .sodium chloride 
medication and SlacLeaiv'” gave evidence that the simnltancons sodium chlo- 
ride medication in diabetic ]iatioiifs lias reduced the insulin rcQuircmcnts. 


CUMATIC FACTORS 

All of our patients lived lai’gely an outdoor life wlicreby they were ex- 
posed to the effects of the sun during June, July, and August combined with 
the excessive atmo.spheric humidity and high temperature. No studic.s re- 
garding climatic physiology of the skin has been carried out by us, but it is 
of interest to relate the experience.s of Marchionini and Tor.“- These authors 
have found in Anatolia (Turkey) during the summer mouths an enormous 
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increase of iiyoderinic infections of the face, especially in individuals from ten 
to twenty years, females predominating-. The authors offer proof that not 
only experimentally after ultraviolet ray exposure but also in individuals ex- 
posed to the sun, (1) the pll of the skin is shifted toward the alkaline side 
from 5.24 to 7.28) ; (2) in the dialysate of the skin the sugar, calcium and 
catalase increa.scs and the amylase decrea.se.s. 

ilarchionini’s-'’- skin glucose findings, have not been correlated with 
blood sugar examinations. It should, however, be mentioned that low blood 
sugar figures do not exclude higher .skin sugar findings in the .same individual 
as the investigations of Urbach’^ have demonstrated. Whereas H. Laurens’^ 
states that “irradiation produces a lowered blood sugar and increases sugar 
tolerance.” While no confirmation of Marehionini’s findings has yet been re- 
ported, it seems a fair and logical working basis to explain the predisposition 
of the face foi- pyogenic infection of our cases. The shifting of the pH of 
the skin tOAvards the alkaline side Avould certainly render the skin .surface 
favorable for staphylococcus infection more especially in a skin in which the 
sugar concentration has been increased. The increase of catalase could in- 
dicate an increased oxidation-reduction which in our cases may explain the 
reduced vitamin C level of the blood. This depletion could furthermore be 
interpreted as a partial loss of excessive perspiration knoAving that the SAveat 
contains approximately 0.08-0.5 mg. per 100 c.c. and partly also in the later 
stages on account of the inflammatory purulent process knoAA-ing that the 
presence of oxidative substances in staphylococci especially demands an in- 
creased A'itamin C metabolism (Harris).-" 

BACTERIOLOGIC FIXDIXGS 

Cultures Avere made on 2 per cent glucose-agar from the superficial follicu- 
lar vesicles, and also from the deeper lesions. In not a single case could we 
obtain Monilia, but in 19 cases Staphylococnis aureus was obtained in pui-e cul- 
ture, AA’hereas in 2 cases a scanty groAA'th of Staphylococcus albus and Staphylo- 
coccus citreus AA^ere found. 


DIFFERENTIAL DIAGNOSIS 

Without previous knoAvledge of the clinical features, the first impression 
is suggestive of an iodide or bromide eruption. These can usually be ruled out 
because of a negative history of halogen ingestion. Against pustular sj-philide 
are the acuteness of the lesions and the negative serologic finding. Funincu- 
losis can be ruled out because of the absence of necrotic cores 'and because 
the localization is not strictly follicular. The symmetry is not a characteristic 
feature of either furunculosis or impetigo. Pyogenic infections foUoudu-^ 
mosquito bites are frequent in China but favor more often the loAA'er ex° 
tremities. In all such instances, Ave see more or less impetiginous-crusted 
lesions developing at the site of scratching. From bacterids the differential 
diagnosis is usually not difficult because of the absence of an infectious foci 
and because of the unusual localization. From Harara (Heat disease of th^ 
face in Palestine) described by Dosztrovsky^''- this affection can be also Vf 
ferentiated because of the absence of phlebotomus in tlie 

oxicingnai region, the 
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stinging of wliicli is the e:inse of t)ie disense. In its elinieal appeaninoe, 
syringadenitis suppurativa tropiealis is siiniJar to varns notlnlosus (Hvook),"' 
but the passibility of confusion is eliininateti by the fact that varus nodulosiis 
lias a chronic course and long duration and also because <if the absenee 
of vcsieidalion and sujipuration. Acne agininata (dissciiiinnlcd follicu- 
lar lupus of Tilbury and Fo.x, acnitis of llartlielcniy, hydradenitis deHtriiens 
suppurativa of Polit'/.er) should he mentioned not only because of the loealiwi- 
tion on the face, but also because of the long controversy udicther flic .sweat- 
glands arc the sites of primary involvement. The coppery colored lesions, their 
sluggish onset, tlie indolent nature of the disorder, the tuberculoid histologic 
changes are features not present in the disease under discussion in this paper. 

mHCL’SSlUN* 

Inflammatory and sujiinirativc conditions affecting apocrine sweat glands 
are well known (Hydradenitis suppurativa). The only disease entity which 
concorm; inflammation of the ecerinc sweat glands, are the multiple ab- 
scesses of infants. Though the age ineidonee is entirely different, the clinical 
picture is similar with pca-to-hazelnul size, reddish, disseminated, hemispheric 
swellings which become fluctuating and di.scharge a greenish i>us. The caus- 
ative agent is Siaphylocwcus' (dhus and the histoj)at!mlogy lias a good many 
feature.s in common with syringadenitis sujipnrativa tropiealis. In mul- 
tiple abscesses of infants the onset is a i>criporitie pustule wliich penetrates 
into the deeper strata of the cutis and linally reaches tlie siibenfis in the region 
of the sweat glands wliicli at times arc also involved in the process fliough 
often remain intact. In the disease under diseu.ssion in this paper it is also 
rather suggestive, but not quite obvioas, tliat tlie i)roce.ss is a direct coti- 
tinuation of the invading infection through the sweat diiet-s. It is, liowever, 
also analogous that the infection may be carried from the vicinity to the 
sweat glands. 

Pyogenic infectious of the cccrinc sweat glands of adults arc not known 
in the temperate zone, and only certain climatic conditions and metabolic 
changes such as occurred in our patients would explain sueli an eventuality. 
The dilated sweat pores in prickly heat are not only a natural port of en- 
trance for pyogenic cocci, but tlie irritation due to profuse iierspiration renders 
the sudoriparous apparatus a locus minoris resistentiae. To tliis wc have to 
add the diminished bacteriostatic power of the greatly diluted sweat and tlie 
possible changes brought about by tlie action of .sunlight (increased sugar of 
the skin, etc.). While with large doses of vitamin C (900 to 1000 mg. daily) 
an appreciable improvement was noticed, smaller doses, 2 to 300 iiig. were only 
effective when the hot weather subsided and perspiration deci’eased. The 
serum vitamin C and blood sugar lei'cl could only be increased with difficulty 
during the hot season, but both improved simultaneously with the onset of the 
cooler weather. These observations lead us to conclude that through the ex- 
cessive loss of vitamin C the carbohydrate metabolism was disturbed. Though 
the fasting blood sugar level Avas rather low, the glucose tolerance test showed 
not only an abnormal high postcibal range, biAt also a delayed excretion of 
h su ar The possibility of an increased glucose content of the skin, more 
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especially of the exposed parts, must be considered. The findings of Iirarchi- 
onini and Tor,” in respect to cases similar to our o^to, appear fairly reason- 
able because in our cases the facial localization was also a predominant feature 
and the covered parts seldom revealed lesions of a similar nature, though the 
frequent scratching, particularly of the covered regions affected by prickly 
heat, would greatly favor an infection. How far, besides the disturbed carbo- 
hydrate-vitamin C equilibrium, other colloidal chemical changes of the .sweat 
gland parenchyma arc involved is a matter of conjecture and beyond the scope 
of the present report. 

TREAT3IEKT 

Treatment consisted of conservative measures, though in a few cases 
small incisions Avere made. Otherwise the local treatment depended chiefly 
on the stage of the disease. In case of pain, compresses Avith a soothing lotion 
Avas applied. In cases Avhere the le.sions Avere nearing breakdoAA-n, application 
of the folloAA'ing ointment Avas found efPecth'e ; 

Ichthyol 10.0 Gm. 

Hydrarg. ojrj'd. rubr. 0.2 Gm. 

Resorcin OA Gm. 

Vaseline ad 20.0 Gm. 

Internal medication included ascorbic acid, 200-1000 mg. daily. Neither the 
sulfonamide drugs (sulfathiazole or sulfapyridine) nor toxoid gave us any en- 
couraging results. 

CONCbUSIOXS 


1. An inflammatory and suppurative disorder of the eccrine SAveat gland-s 
occurring in Chinese patients has been described under the name SATin"- 
adenitir. suppurativa tropiealis. 

2. The disease is thought to be a complication of lichen tropicus (prickly 
heat). 

3. The causative agents of the disease are assumed but not proved to be 
the Staphylococci aureus and albxis. 

4. Evidence is advanced that the inflammatory involvement and infec- 
tion of the SAveat glands is furthered by an excessive lo.ss of A'itamin C and 
altered carbohydrate metabolism. 

5. Treatment consists in the use of appropriate topical applications and 
Autamin C internally. 


I wish to express my appreciation to Dr. C. S. Pan. I. assistant of the Tnvioier. t-. 
toloB>-, National Medical College, and to the Division of Physiological Sciences' 
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THE DIFFUSION OF DYES IN ETHYLENE GLYCOL GELS 


Fkaxces C. Brown, Ph.D., and E. Emmet Reid, Ph.D. 
Baetimore, :Md, 


INTRODUCTION 


S CHULEHANN’’’ has pointed out the relation between the difiusion of a 
dye and its usefulness as a tissue stain. Regardless of whether the mech- 
anism of staining is explained by tiie fomation of chemical compounds between 
the dye and the tissue” or by the adsorption of the dye by the ti.ssue,® the rate 
of penetration of the dye is a factor which must be considered in the choice of 
a dye as a stain. Stiles’® has .shown that conditions in dilute gels duplicate 
closely those present in tissues. Fautrez and Lison-* have emphasized that 
while diffusion in a gel is a complicated process and should not be expected 
to give true values of the dimensions of the diffusing particle, nevertheless 
diffusion in tissues and in gels are similar processes and are controlled by the 
same factors. Accordingly, the diffusion of dyes in gels should throw some 
light on the usefulness of dyes as stains. 

The diffusion of certain acid and basic dyes in ethylene glycol gels has 
been measured. Among the acid dyes inve.stigated were: orange II, mercuro- 
ehrome, metanil yellow, congo red, and pontamine blue BBF. Chiysoidine Y 
was chosen as a representative of the basic dyes. Diffusion took place in 5 
per cent gelatin gels of 80 per cent buffered ethylene glycol. Ethylene glycol 
was chosen as the solvent, because Geschickter" has used it .saiecessfully in 
this capacity in staining tissue cultures. Its antiseptic properties are advan- 
tageous in preventing the growth of bacteria in the gel over a long period of 
time. 

jiethod 


As the buffer salts (sodium hydroxide and potassium acid phosphate) re- 
quired to make gels of the desired hydrogen ion concentration are insufficiently 
soluble in ethylene glycol, some water had to be added. For uniformity, all 
solutions were made to contain 80 per cent of the glycol, the rest being water 
and buffer salts as required. This solution was used in the preparation of 5 
per cent gelatin gels. The hydrogen ion concentration of sample solutions was 
measured by Dr. W. C. Harden of H>-nson-AVe.seott-Dunning, Baltimore, :Md., 
with the quinhydrone electrode and colorimetric .standards prepared from 
these solutions were used as checks. Solutions of pH .5.5 and pH 7.65 were 
used. 

The unsolidiffed gel was dir-ided into two portion.s. One portion %va.s 
poured into a 16 mm. test tube until the tube was approximately half full and 
allowed to solidify in the thermostat at 0° C. To the other portion was added 
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sufficient dye to make a solution XI/200 in actual dye content. The gel con- 
taining the dye ^vns poured over the solidified clear gel of the .same pll and 
placed in the thermostat. The d3'e was therefore difi'using into a medium 
identical in all re.spccts, except for the i>re.sence of the d.ve, with that in which 
it was dissolved. 

In the moa.surement of tlie diffusion, a photometer was used to compare 
the amount of light transmitted through a neutral glass filter and through 
the gel containing the dye solution. Two gla.ss filters were used corresponding 
to different concentrations of dj’c, Cj and c-, with e, representing a larger con- 
centration of dj'c than c.. Dailj' measiircmenls were made of the distances 
(dj and dj) from the initial concentration of the d.ve, M/200, to the concentra- 
tions Cj and C; measured b.v the jihotometer. In principle, this method is simi- 
lar to that used hj" Furfli® and h.v Faiitrez and LisoiF who measured the dis- 
tances the d.vc diffused to reach a concentration wliich was a definite fraction 
of the initial concentration, ^'heir exiierimental arrangements differ from 
those described in this paper in that thoj' used microteehnicinc and measured 
diffusion in the solvent alone rather Ilian in a gel. 

The boundary between colored and colorless gel was also measured. 
Here the setting was not a photometric one; the line of demarcation between 
colored and clear gel ns intensified bj* the optical instrument was measured. 
The sjTubol da represents the distance of diffusion of the d.ve from its initial 
concentration, Jr/200, to a concentration so small that to vi.sual observation 
it appears to be zero. 

The laborator.v measurements of two or more different samples of the .same 
dye w'ere plotted, using as ordinates the distances in mm. and as nb.sci.ssno the 
time in daj's. A smooth curve was draAvn between the ]ioinls and the di.s- 
tances read from this curve. Fig. 1, in wliich the circles and triangles repre- 
sent readings from two samples, illu.strates the ])rocednre followed and indi- 
cates the amount of error involved in the measurement. 

RESULTS 

In Table I are assembled the distances in mm. wliich the dj'cs diffused at 
the end of 20 days. 

Table I 

Distances of Diffusion in mm. Aftf-f, 20 D.ws 


DVE 


pn 5.5 



pit 7.05 



d. 

d. 

d. 

d. 

d, 

d, 

Congo Bed — com. 

9.2 

lO.G 

12.85 

9.45 

11.0 

12.4 

Conco Bed — purified 

9.0 

10.4 

12.9 

9.5 

10.0 

12.3 

Pontamine Blue BUI'' 

10.05 

11.1 

12.1 

9.5 

10,6 

13.0 

Orange H 

13.4 

14.0 

10.85 

14.0 

15.0 

17.55 

Mctaml Yellow 

13.6 

14.9 

10.8 

14.05 

15.85 

37.0 

Chrysoidino Y 
Mercuroehrome 

14.75 

1G.4 

18.0 

17.4 

13.0 

18.45 

14.4 

39.45 

15.45 


Conn“ has shown that impurities present in the dj’^e may affect its use- 
fulness as a stain. As some of the dyes ivere technical samples and others 
carefully purified, it was important to discover wdiether the presence of im- 
urities commonlj" found in technical samples ivould infiuence diffusion when 
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the actual dye content of the two samples was the same. The differences in 
the diffusion of a coniiuercial .sample of Congo Red and of a purified sample 
were found to he negligihle, usually 0.2-0.3 mm. or ]e.ss. This statement is 
based on a daily comparison of the diffusion distances of duplicate samples of 
the tM’o dyes over a period of 30 days. Probably the buffer salts in the solu- 
tion make the effect of additional salts present in the commercial sample neg- 
ligible. These results are in agreement with the work of Valko.’’ 

Table I gives the results of measurements at the two pH values investi- 
gated — one of them, pH 5.5, being veiw near the isoelectric point of gelatin ; 
the other, on the alkaline side. There is little regularity in the slight dif- 
ferences in distance at the two pH values for the dyes with higher molecular 
weight ; the dyes of lower molecular weight, which may be considered in true 
solution, show a slight but regular tendenc}’ towards more rapid diffusion in 
the solutions of higher pH. ilommsen’® and Pischinger’- in studying the effect 



of changing pH on the diffusion of dyes in gelatin gels have found that acid 
dyes diffuse more readily in less acid media and basic dyes more readily in 
less basic solutions. Their experunents cover a wider range of pH, especiallv 
on the acid side ; our experiments fall vithin the pH range in which Pischinger 
found very slight changes in the diffusion distances. 

From Stefan’s development of Pick’s law, the square of the amount of 
substance diffusing divided by the time should have a constant value if the 
initial coneenti’ation of the diffusing substance and the cross section in which 
diffusion is taking place remain unchanged. Stefan found that the same re- 
lationship should be true if the amount of substance is replaced bv the di ' 
tanee of diffusion to a definite concentration, thus giving a constant v 
proportional to the diffusion constant. These relations were tested exn 
mentally and found true, at least as a first appro.ximation ” ^eri- 



109G 


Trii; .JoriiXAi. or i,\iifm.\TOitv and riANX'Ar. MroioiNn 


Vjihu's of — wciM* <':il<'uI;it<-(] fnnii llu> llii-rr 
t 

above. It is evident from Kiir. 2. in whieJi val\ies of - 


iiiea.sun'iiienls (le.scriliH.I 
are piotl(*<l as ordinates 


against eorresponding values of / as alrseissae. that in Ilie ease of tlie first 
two measurements, r/, and d.., (‘onsfanis were not obtained. Imt tiiat with 
tlie third meas\iremeTit. repi'esenting difl'usion from a solution .M/20() to an in- 



finitely dilute eoneentration of dye. a eonstant resulted. Further inspeetion 
.show.s that in the first two mea.surements, values whieh should be eon.stant 
increa.se with increase in time. This .suggests a logarithmic curve. Fig.s. o 
and 4 represent logaritluiiic curves for iliffusion distances of typical dyes. 
Logarithms of the distances diffused were plotted as ordinates with logarithms 
of the corresjHinding times as abscissae. Straight lines were olitained with 
the first two mcasuivment.s, d, and iL, as well as witli the third measureimmt, (h- 

The slo])e of the line for d;, is 2, giving constant values for , hut tlie slojie of 

the lines for d, and <1. is .some fractional value between 1 and 2. When values 


of — are calculated for the distances reiiresented by d, and d„, with ii repre- 
sentin"' the slope as determined from the logarifhmie curves, constants are ob- 
tained. In Table II, values of y are compared with values of — for a typical 
case In Table III, values of the slope, v, and of the constant. A', from the c.v- 

fl*' 

pression, = ^ assembled for the various dyes. 


D1SCUS.SI0N 

jMany of the logarithmic plots show a different slope at tlie beginning of 
the process from that followed during the later stages (see Figs. 3 and 4). 
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Fig. 3. — Mercurochrome pH 7.65. 
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This means that tlie advance to a definite eoneentivition is slower and that ?i 
has a lower value in the initial stnfies of penelralion. Similar results have 
been observed by Stiles’-' and by IJifrwood' in studies of the jx-netralioti of 
electrolytes and of d.ves. Cbanf^e in structure of the jrel with atreinjr niny 
account for the increase in diffusion. In sueli eases the values of ?i in Table 
III are taken after the ebnnfre in slope which occurs when diffusion has taken 
place for S-10 days. 

Taiii.k ir 

CAT.>-ei,.\TioN- or Dirrnsios’ Co.vstast.s 
Co.s'«;o Krn, pH 7.t”> 


II is II rniist.nnt roprei-eiilin}: the rtope of tlie liijtnritlimie eiirves 


t 

'>1 

ay 

a; 

ay“ 

‘‘.5 


t 

t 

t 


I 

;? 

l.Cl 

1.04 

:t.4] 

2.1.8 

7.05 



2.fif. 

1 23 

4.51 

2.5,S 

,8.05 


p 

.1.24 

1,20 

4.P.8 

2^0 

7.!*:’. 


12 

.•t.o.i 

1.2f. 

.5.55 

2.50 

7.0S 


15 

a.P5 

1.20 

5.28 

2.27 

7.05 


18 

4.50 

1.27 

5.44 

2.21 

7.01 


21 

*1.57 

1.27 


♦> 

7-50 


24 

4.77 

1.20 

5.00 

2.20 

7.71 


27 

4.P.S 

1.20 

.5.P7 

fL25 

7.7S 



.5.2 1 

1.20 

0.10 

2.25 

7.80 


:i.'! 

5.28 

1.24 

0.28 

2.24 

7.80 



Average 

1.20 

HHHHI 

2.2S 

7.0P 
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.ScMMAny or Birri’Kiox Cox.stasts or 

Fnoit Tilt; Equation k = 

Dvrs 



DYE 

(1 

n, 

b. 

<h 

TK 

K 

a. 


Congo lied 

1.27 

pll 5.5 

o.sn 

1.440 

1.47 

O 

S.IO 

Congo Eea — com. 

i.2;> 

0.73 

1.48 

1.04 

o 

s.no 

Orange 11 

1.01.5 

5,29 

1.714 

4.00 


13., 80 

Mctanil ydlovr 

1.450 

2.23 

1.5S7 

3,02 

i.oi 

10.00 

Chrysoiaino Y 

1.415 

2.20 

1.017 

4.02 


17.00 

Congo Bed 

1.430 

j>II 7.05 
1.20 

1.013 

o og 

o 

7.00 

Congo Bed — com. 

1.330 

0.00 

1.038 

2.50 

(> 

V,V5 

Pontaraine Blue 

BBF 1.754 

2.00 

1.7.54 

.5.18 

o 

0.72 

Jtcrcurochrome 

1.705 

4.02 

1.8S7 

7.,50 

rt 

11..S2 

Orange II 

1.620 

3.05 

1.808 

7.10 

i) 

lO.rii) 

Jletanil Yellow 

1.0 

3.44 

1.710 

5.75 

O 

15.08 

Chry-soidino Y' 

1.740 

7.30 

1.818 : 

10.01 

O 

18.05 


Even if the conditions upon wliich Pick’s law is based {niaintcnance of 
the initial concentration of the diffusing substance and of the cross section in 
which diffusion is occurring) are observed, deviations have been noticed es- 
necially in the diffusion of a colloidal substance within a gel. One explanation® 
which has been offered is tliat the gel may act as a sieve, liolding back larger 
tides (which may be caused by association of molecules or ions) and per- 
^tting the passage of smaller particles. This effect is unlikely in the present 
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experiments, liecaiise eleviafions are observed Anth dyes of large and of small 
molecular Avciglits and because the dye in penetrating into the gel finds the same 
structure of gel as that in Avliich it AA'as dissoh'ed. Another and more probable 
cause of the apparent deviations reported in this paper is adsorption of the dye 
on the fibers of the gelatin. IMoraA'ck" has measured the penetration of the 
lead ion into a gelatin gel containing bichromate ion and finds that the results 
may be expressed by a parabolic equation : 

1 


n 

a = kt 

in Avhich a represents the depth of the diffusion layer, t the time, and k and n 
are constants. He ascribes his results to the affinity of the ion for the gel. It 
Avill be seen that the above equation is in agreement with the one Ave haA'e u.sed. 

Friedman^ has studied the relationship betAveen the molecular weight of 
nonelectrolytes and their diffusion constants measured in gelatin, When he 


'’‘“'Vm"' 


ainst k times 10'', the A'alues fall near a strai 


ght line, shoAA-ing that 


the size of the molecule influences diffusion to a large extent but that each 
substance does have some specific effect on the gelatin AA-hich preA'ents the 
product k-^/ M from being constant. The nonelectrolytes Avhich he inA'esti- 
gated had relatively Ioav molecular Aveights. As the molecular AA'eight and the 
colloidal nature of the substance increases, it is reasonable that such devia- 
tions Avould become more pronounced. Table ri’ gives the values kaV'M 
for the dyes investigated. The constant k, Avas chosen because in this case 
diffusion aa'cs not masked by interfering factors. The’ symbol M represents 
the relative weight of the dye ion. 


T-able rv 


DYE 

it 

V 11 

K 

k,\' 11 


pH 5.5 




Congo Red 

650 

25.5 

8.19 

208.8 

Orange II 

327 

18.08 

13.89 

2.51 .2 

CViTysoidine Y 

213 

14.6 

17.09 

94Q 4 

Metanil Yellow 

352 

18.76 

10.99 

206.2 


pH 7.65 




Congo Red 

650 

25.5 

7.69 

196.1 

Pontamine Blue BBP 
Slercurochrome 

810 

707 

2S.9S 

26.59 

6.72 

11.82 

194,8 ? 

Orange II 

327 

18.08 

15.43 

f>70 0 

Metanil Yellow 

352 

18.76 

15.68 


Chrj'soidine Y 

213 

14.6 

18.95 

276.6 


From a study of the above table one is impre.ssed by the rapid diffusion 
of mereurochrome. Its molecular Aveight should indicate .sIoav diffusion and 
colloidal dispersion. Yet its value for k^vll shoAvs that it is more closelv 
related to the dyes Avhich are considered to be molecularly di.spersed Tea ^ 
and Buxton'« have measured the dialysis of various dyes and find that eZ 
AA'hich has the same general structure as mereurochrome, can be dialv 7 ’ 

approximately the same extent as chrj-soidine although its moIecular*Arei«ht 
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is three times as larjre: eoiif^o refl, with roimlily the same molecular weitrht as 
eosin, cannot he dialy/.eil. These facts are in agreement with the results wc 
have ohtaincil, 

Sf.MMAKY 


In a dye that is to he used as a stain the rate of dilTnsion throu^di the tis- 
sue is important; in a dye that is dejumded upon as an atiliseptie, it is iimeli 
more so. Obviously sterilization cannot e.xtend heyond the zone of penetration. 

Diffusion of dyes in a ^'el closely duplicates flifi'usion in ti.ssue.s. Itleasure- 
ments have heen made on the diffttsion of various dyes into a o per cent frel 
of SO per cent ethylene •rlycol huffeml at jill o.-o and pll 7 .<m, usiii)' a photom- 
eter to determine the distance of penetration of defiidte concentrations of the 
dye. Difi'ei'onces in dilTusion <listaneeK of a carefully purified .sample and of a 
commercial sample were found to he ncfrlicihle wheti the actual dye content 
of the two samples was the same. When tiiffnsion was measured to a con- 
centration .so small that to visual olcservat ion it appeared to he zeio, the re- 


lationship k 


— was found 
t 


to }:ive constant 


values; when diffusion was 


measured to larfrer concentrations, constants were ohtaincfl for k "’ifli n 

roi)re.sentinfr .some fractional value hetween 1 a?)<l 2. The value of n varied 
with the dye and with the concentration to which dilfusion was j)ro<rre.s.sinfr; 
for an individual dye it was usually larfrer when diffusion to a more dilute 
concentration was measured. Adsorption of the dye on the fibers of the peintin 
is believed to account for the fi'aetiotial values of n. 'I’lie rapid diffusion of 
mercurochrome, in spite of its iarpe molecular weipht, is noteworthy. 
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SEASONAL VARIATIOxNS IN SOJIE PHYSIOLOGIC VARIABLES*^ 


^I. A. Wen'ger, Ph.D., Yellow Springs, Ohio 


T hroughout the psj^ehophysiologie study of the child subjects of the Fels 
Institute it has become increasingly evident that the season of measurement 
is an important factor influencing the results. It has been shou'n'® that, in 
general, physiologic responses for these subjects were more consistent over a 
twelve-month period from winter to winter than they were over a six-month 
period from uinter to summer. 

It Avas thought at first that the variability of the .summer data might be 
the result of the unstable temperature which prevails in summer in the area 
Avhere the measurements were made. It ivas discovered, however, that al- 
though there tends to be some correlation betiveen enAuronmental temperature 
in summer and response for certain of the A'ariables measured, some subjects 
were showing consistent A’ariations which Avere opposite in direction to that 
shoAvn in the above correlations. It Avas postulated that true seasonal varia- 
tions were demonstrated in our data. 

These seasonal variations Avere illustrated for one A’ariable in an article 
reporting our method of measuring Avhat has been termed "autonomic bal- 
ance," i.e., a quantitative estimate of the functional state of the autonomic 
nerv'ous system.”- ”• The autonomic .scores for six children over a period of 18 
months Avere shoAvn. Tavo cases represented those indiA-iduals Avho have higher 
scores (indicative of parasyunpathetic predominance) in the vrintev than ii^the 
summer. A second group of four cases illustrated children Avho shoAv higher 
scores in the summer than in the AAunter. Another set of six cases”- ”• indi- 
cated that other children may show no marked variation betAveen the tAA'o seasons 
Since that report, additional data have been collected durin<- the summer 
of 1941 and the Avinter of 1942. The present paper presents an Analysis of all 
the data for those variables involved in the determination of autonomic bal 
ance. lAIeasurements of systolic and diastolic blood pressure have also been 
judied. Specifically, we wish to know (a) Avhether there are significant .zroun 
differen ces between summer and Avinter measurements for these physiolo»dc 
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responses, and (1)) ndiellier individuals show consistent difi'erenees indirection 
of seasonal variation. 

No extensive reference is jiiadc to the literature related to tliese problems. 
Larlicr work on human suhjcel.s ha.s, in most iustniiees. involved two few eases 
to answer the fir.st question. The conlrovcr.sia! resull.s rejnuied on a few eases 
for such vni’ialdes as heart laitc,"’* respiration rate." an<l others,'’ maybe 
construed as evidence that the second problem pi’oposed abov<‘ is de.serviiit: of 
study. Cei’tninly the studie.s of I*cl<'r.s<in.^ Jlills," and Ikiltenj'er” attest to the 
importance of the weather as a factor in health and di.sease, and therefore in 
general phj’.siologic function. 

riie data rei)orted hcr('in have been eolleeled in a routine manner by 
standardized j)roceduros already described.’" During the winter moiitbs oi 
January, February, and IMareh, all of the cliild subjects of tlie Institute who 
are six years of age or older come to the laboratories bu’ a ftdl flay of nieasurc- 
ment and study. Dui’ing the summer months of Jiuu*. <lidy. and .August, they 
again Aisit the laboratories for ])eriod.s v.arying from one dav to two weeks. 
All physiologic measurements are conducted durinu the honr.s between 0 a.ji. 
and 12 noon. All but two, salivary output and standing ])almar slcin cfuidnct- 
anee, are measured in the resting stale. AVhenever j)ossibIc. the recorded 
datum for an individual rci)i'csent.s the mean of a scries of samples during the 
examination pei'iod, which lasts about forty-fi\’e minutes. The temj)erature of 
the measurement room is maintained at 74 tt) Tt!” F. during both summer and 
w'inter, and the relative humidity is maintained at approximately 40 ])er cent 
during the winter and GO per cent during the summer. For the j)urposes of 
this paper this diftorenec in I'olative Iiumidity is regarded as being a component 
of the season of measurement. 


Tin; caoui’ a.valy.si.s 


Since the majority of the vari.ables studied bear some relationship to age, 
it was necessary to eliininato this factor from llie analysis. I’his was tloiic by 
the simple technique of comparing the means of the data for two {then three) 
suecessiA'c winters with the values for the iutervcuiiig summer (then tlie mean 
of two successive summers). Tiie midpoint for elironological age i.s thus iden- 
tical for the groups of data compared in cadi analysis. Tlie first part of Table 
I shows the means, standard deviations, reliability cociTicieiits, ami eriferia for 
judging the significance of the difTerence-s between the means for tJie winters 
of 1940 and 1941 and the summer of 1940. The data are the results of ton 
physiologic measurements of fifty-onc children ranging in age from 6 to 12 
years. The second half of the table sliows a similar analysis for twenty-three 
of those subjects for whom data were available for tlie summer of 1942.' Here, 
since a smaller number of cases was involved, the standard error of the differ- 
ence has been based upon the standard deviation of the difl’erences lliemselves 
as demonstrated by eadi subject.* 


•The formula for the standard error of the difference between means used In the first 
analysis Is that Illustrated by Peters and -N an Voprlils’ as No. 92. For the second analysis, see 
their formula No. 95, The correlations employed in tlje first analysis are those obtained for 
the winter and summer data of 1940. In the second analysis {23 cases) tlie 1942 winter data 
fnr diastolic blood pressure and palmar skin conductance were not Included, because part of 
♦hem were believed to be unreliable. Since one influenced the scores of pulse pressure and 
hftfh affected the derived scores of autonomic balance, the 1912 winter data for tliese variables 
«?cn were omitted from the analysis, plastollc blood pressure, the only one of tliese four 
variables slffnlflcantly related to chronological age. was corrected for tlie resuIUnff age dls» 

crepancy. 
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THi; .lOritNAL or I,.\J! 01 t.\T«>I!V AND CUNICAI- MrOK'I.NT. 


,ll will 1)0 .seen Unit Imlli ainilysos atiivi* in iihicinfj (lie sensuna! difiomice 
in systolic blood ])r<’ssuro at bettor than the ,01 level of si>;nitioanee. The prob- 
ability is almost as remote tliat the diffen-nee in ]ialmar skin oonduetanof eotiki 
have oeeurred by ehanee; and the chances are iii;,di that the seasonal eliantto in 
heart period also represents a true difference. Allhonp:h the level of sipnifieancf 
for none of the other measures is as iii*ih in either analysis as .05, it is of inter- 
est that both analyses afrree in the direction of the dilferenees. 

From these results the first (piestion may be answered. The probability 
is great that during tiie summer, as compared with the winter, .systolic blood 
pressure is lower, standing ])aimar skin eondiietatiei' (palmar sweating) is 
lower, and the heart heats at a slower rale, 'i’here also is some indieatioii that 
salivary output is greater, respiration rate is faster, uinl pulse pressure is lower. 
The chaiiees are low that true differences obtain for diastolic blood pressure, 
volar skin eondiietaiiee. tlermom-aplda persist eiiee, or aiitmiomie hnlaiiee, al- 
though the dilVereneos found here for these four variables are in the same 
direction in both analyses. 'I'lie small eb.-inge in the estimates of autoiioinie 
halanee is of particular intere.st, as will he made clear in the following discussion. 

For eoiivenieiiee in inleriireting the results the HMO regression equation'’ 
for the estimation of autonomic funelion is reproilueed below. This equation 
is used because it is believed to b(> more represeiitalivt' of autonomic function 
than tlic 1941 equation, scores on which are greatly inlhieiiiH'd by individual 
deviations in heart period. 

Mu = -l-’/-, ' .•‘if'/,.. *• ••'ilZ;, 4 .•‘IS/,,, ) .10/.., -.10/.. i .gg/,., 

Tn the equation. Mu sigiiilies the eslimat<‘ of autonomic balance for a given 
individual; z equals the individual’s .standard score in the trait designated by 
the number in subscript; and x. following trait numbers +7 and 99. indicates 
that thc.se traits have been reflected so that a high standard score is the equiva- 
lent of a low' raw .score. The names of the traits are the same as shown in 
Table I. A high .score derived b.v means of this equation is considered indic- 
ative of functional iireduiiiinaiieo of the para.symjiathetie hrancli. A homo- 
geneous shift in all functions toward the ])arasymj)nllietie end of the scale 
would involve a lengthened iiersistenee of reil dermographia, an iiiereasod 
salivary output, a slowed heart rate, decreased palmar and volar eondiietaiiee 
or sweating, an inerca.scd res])ira1ion rate, and a lieightened pulse pres.surc. 
With the exception of dermographia persistence ami jnilse pre.ssure, this is the 
pattern of response for summer (shown in 'I'ahle i). Since these two variables 
are not heavily weighted in the equation, it might he expected that .seasonal 
comparisons of these scores would reveal a .significant ditTerenee hot ween sum- 
mer and winter scores of autonomic halanee, with the .summer .sca.son efi'eefing 
a shift tow'ard the para.sympathetic end of the .scale. Sucli a .shift might akso 
be predicted from the findings of nellhorn and Fcklnuin,' who report that heat, 
nlthoimh affecting both tbe vago-insulin and .sympalhctico-adrenal systems, 
has its"^ greatest effect upon the former. Table 1 sliows, however, that, no reli- 
able difference obtains. The next section of this report will deal further with 

tills finding. 
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THE proiti.es for 23 individuals 


'Fho individual data for the 23 children who had had five consecutive meas- 
urements were analyzed in tlic same general manner as were the group data 
for 51 cases. Tlio scores for a given sul).icet were combined in three Avays, tivo 
combinations being the mean of two ad.iaeent ivinters and the interi'ening sum- 
mer, and the third being the mean of the tivo summers and the interi'ening 
Avinter. If the summer score for a given A'ariable Avas higher than the vnnter 
score for all ihrcc comhiuaiions, the child Avas .scored plus (+) for that A-ariable. 
If the Avinter score Avas higher than the summer score for nil iliree comhinations, 
the child Avas scored minus (-). If the combinations differed in direction of 
change, no symbol was assigned. Instances of “no change” were infrequent 
and, Avhen occurring among otherwise consistent changes, AA-ere disregarded. 
The series of 23 profiles obtained in this manner are shoAA-n in Table n. It 
should be noted that four of the A-ariables have been reflected to make their 
direction consistent Avith respect to autonomic actiA-ity. 

It Avill be seen that the eases arc grouped in four categories. Since systolic 
blood pressure and palmar .skin conductance had shoAATi the most significant 
seasonal variation, it Avas argued that consistent A-ariation in either of these 
A-ariables in a direction opposite to that shown by the group might be con- 
sidered as of possible significance. As might be expected, the largest group, 
compri.sing nine cases, is that Avhich shoAi’s during the summer measurements 
a loAver sy-stolic blood pressure and a loAA-er palmar conductance. Group n 
contains the five sub,iects Avho manifest higher systolic blood pres.sure in sum- 
mer. Group III comprises four children AA-ho shoAv higher palmar conductance 
in summer than in Avinter. Group IV includes five cases concerning which the 
criterion data are indecisiA-e. The criterion data are underlined in Table II. 

It is of interest to note that heart rate is sloAver in summer for Group I. 
faster in summer for Group II, and inconsistent in change for Group HI. Pulse 
pressure also shoAA's a certain differential group consistency. In general, it 
appears to be decreased in summer in Group I and increased in Groups II and 
HI. Diastolic pres.sure tends to shoAv the opposite picture. Although the re- 
sults are not decisive, dermographia persistence time seems shorter in summer 
for Groups II and III, AA'hile volar skin conductance is loAver in summer for 
Group I. The groups are not Avell differentiated for the variables saliA-ary out- 
put or respiration period. 


The first seven variables of Table 11 are those used in the e.stimation of 
“autonomic balance.” With the reflection of the .skin conductance variables 
37 and 39, positive signs for all variables indicate a shift toward greater para- 
sj-mpathetic function ; conversely, negative .signs indicate a .shift toAvard func 
tional predominance of the sympathetic system. While there is some .su^^es* 
tion that Group I shoAvs a ma.iority of positive SA-mboks. and Groups II anllH 
a ma.iority of negative signs, a more meaningful interpretation mav be draiA-n’ 
from the last row of the table shoAAing the direction in .shift of the de ' 
autonomic scores. Here Groups II and HI are seen to contain no positive sTr^f 
Group I contains a ma.iority of positive signs in the la.st roAA-, and the dot. 
a ready c.xplanation for the three negative sA-mboIs, the encircled sA-^abl for 



taiu.k n 


HOG 
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Autonomic Balanco | 4- - + - f - 1 

+ signifies consistently higher scores in summer Ihon In winter, 
- signifies consistently lower scores In summer than In winter. 

X indicates reflection of variable. 
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the heavily weighted variables of salivary output and heart rate. Perhaps 
these encircled symbols represent experimental artifacts or discrete functional 
differences apart from the total variance in autonomic function. 

In terms of this latter method of differentiation these subjects might be 
reclassified into two groups. Six cases from Group I and two from the inde- 
terminate Group lY comprise those individuals who show a relatively greater 
parasympathetic function in summer than in winter (Group -f). Groups II 
and III and the remainder of the cases of Groups I and are those who mani- 
fest relatively greater sympathetic function in summer (Group -). Since the 
two groups are rather evenly divided, the explanation for the lack of a reliable 
total group seasonal variation lieeomes apparent. It is of further interest that 
the two groups differ significantly in mean winter autonomic score. The mean 
■winter autonomic score for Group -f is 69.4. The mean for Group - (omitting 
the one subject who shows no variation from summer to winter) is 77.5, or 
approximately one a higher. Since the <t of the difference in means is only 
3.14, the obtained t of 2.58 may be considered as significant at approxi- 
mately the 0.04 level of probability, when only 7 degrees of freedom are al- 
lowed. Apparently the summer season tends to effect a shift toward greater 
parasympathetic activity in those individuals haifing low autonomic scores 
(apparent predominance of sympathetic function) in winter, and a shift toward 
greater sympathetic activity in those individuals demonstrating high autonomic 
scores (apparent predominance of parasjnnpathetic function) in winter. The 
summer seasons seem, then, to have a levening effect upon autonomic function 
and it seems pertinent to question whether summer might not afford more 
“basal” conditions for the determination of scores of autonomic balance. 
Scores obtained in winter might then be viewed as reflecting the reaction of 
the organism to a prolonged polar front. In most temperate latitudes, how- 
ever, winter must remain the season of choice for such determinations for the 
environmental temperatures during the summer months are not sufficiently 
stable to permit the collection of comparable data on a large group. 

It remains to be determined whether or not this differential seasonal vari- 
ation is significant in behavior and disease. The results certainly are con- 
sistent with the observations of Peterson,® ilills,® and Pottenger.®' Further- 
more, the different groupings of seasonal variations in different functions serve 
to re-emphasize a consideration that Peterson has stressed ; namely, the neces- 
sity for considering individual differences in response to climatic changes in 
any study of physiologic function. “ 


SUM AI .ARY 

This study has concerned itself with two questions: (a) Are there simiifi- 
cant group differences between summer and winter measurements of certain 
physiologic responses, (b) Do individuals show consistent differences in direc 
tion of seasonal variations. Two analyses of group data have been made - one 
involving data obtained during two consecutive winters and the intervJniu,. 
summer for 51 children 6 to 12 years of age, and the other involving data 
obtained during an additional winter and summer for 91 ti, , 

Individual profiks were shown for these 23 casS ' 
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skin conductance (palmar sweating) siKinhcanU ■ ,i^„if«‘autly 

umasuvcmonls. The chan.-,, an- ln,k tkat ,„ay k 

longer in .suminer. Altliougli none «d tin* ‘ coiauaretUvUli 

regarded as reliable, there is M.ine indi.-ation that in 
Avinter, diastolic blood pressure- aiul jmlse ptessuii a . ^ 

is greater, respiration is taster. denii..grapiiin per.sisteiut ti 
vohir eouduetanee or sweating is decreaseel. _ 

The analysis of individual protih-.s sIh.ws that the p 

different effects on diffi-reiit individuals for each ot t u- 1*1' ‘ 
is believed that individuals may he ineannmtully elassdied n . ^ 

groups in terms of scores of anto.n.mie balance: those uho n a ' 
greater parasympathetic function in snm.m r than in w.nte . . n U 
onstrate rolativelv greaP-r sympathetic function in sunimei than 
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CLINICAL CHEMISTRY 


THE EFFECT OF CONTINUED EULFANILA:\IIDE INGESTION ON THE 
ACID-BASE EQUILIBRIUDI OP THE DOG® 


Alfhed H. Free, Ph.D., Donald E. Bowman, Ph.D., and De.vn P. DA\7Eft, M.S. 

Ct.E\T:r,AND, Ohio 


A NUJIBER of studies iiave been made of the effect of sulfanilamide on the 
acid-base equilibrium of man and animals.®*’® Some of these studies hare 
been caiHed out in patients in whom complicating effects were present. Others 
have either employed quantities of sulfonamide outside the range that is con- 
sidered therapeutically effective or have been confined to observations following 
single doses of the drug. The general results of these studies have indicated that 
in some patients and animals evidence of acidosis is present folloM-ing sulfanila- 
mide ingestion. As a result of the effects that arise from sulfanilamide, the use 
of alkali uith the compound has been suggested and has been rather ^videly used. 

The present report describes studies conducted w-ith normal dogs which 
ivere given sulfanilamide either alone or accompanied by sodium citrate. The 
purposes of these studies were: (1) to observe the changes in the acid-base 
equilibi-ium of the blood following the ingestion of quantities of sulfanilamide 
sufficient to maintain therapeutic levels in the blood; (2) to determine the 
changes in the aeid-base equilibrium of the blood produced by combinations of 
sodhun citrate and sulfanilamide; (3) to ascertain whether the restriction of 
dietarj' salt intake would influence the effects of sulfanilamide with or wthout 
alkali; (4) to observe the effect on the acid-ba.se equilibrium of the blood when 
the concentrations of sulfanilamide are maintained above therapeutic levels over 
a period of several days; (5) to detei-mine the effect of single massive doses of 
sulfanilamide; (6) to examine the changes in urine pH during the maintenance 
of high levels of blood sulfanilamide. 


METHODS 


Adult female dogs were employed in all of the studies and were maintained 
on a diet of Purina dog chow except during the .studies with the low salt diet 
This low salt diet was similar to that employed by Nilson,” consisting of cracker 
meal, cane sugar, casein, butterfat, and lard, and having a verj* low content of 
sodium, potassium, and chlorine. Blood samples M-ere obtained from the iumilar 
veins w ith a minimum of stasis, and urine samples were obtained bv catheteriza 
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lion. Mctliocls of li!nK]liii!i: tho lilood ns wll ns llio rofciTiUK'.s lo tlift chemical 
motlinrhs employed are n'ported elsi'wliere.'" Jlemo'^doliiii delermili!ition.s were 
eaiTicd out on wliole blood by the inelbod {»i‘ Mvelyn,’- wbilo red nnd white cell 
counts' wore made by eon volitional bonintolo'rie le{•!m^^ples, 
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Animals Rccfivinri a Xormal Dirt . — In tliis series of experiments the doRs 
wore given .sulfanilamide alone, .sulfaniinmidn nnd .sodium cilralc, or .sodium 
citimtc alone while ingesting a normal diet. Three dogs were included in each 
group and, by shifting the animals, the .same three dogs acted n.s .subjeel.s in each 
group. Approximately fen to twelve days elapsed b(;tween the end of one 
experiment and the beginning of the next. The routine used in the.se experi- 
ments was as follows: A fasting blood .sam)>le was obtained at SitlO a.m. on the 
first day of the experiment, and this was .subjected to a "complete analysis” 
which included determinations of .serum pH, carbon dioxide content, chloride, 
inorganic phosphorus, protein, and total l>ase and whole blood determinations 
of hemoglobin, sulfanilamide, and rod and white cell counts. A .sample of 
urine, obtained by catheterization, was also taken at tliis time nnd it.s pH deter- 
mined. At [t;00 A.M. each dog received by stonnieli tube the indicated com- 
pound or mixture in an aqueous .solution of approximately bOO e.c. The initial 
dose was twice as large a.s all the succeeding doses. For this rea.son the intake 
of the compounds in question is 33 per cent higher on the fn-sl day than on all 
the following days. A second dose of the drug was administered at 1:00 p.m. 
and a third dose, at 5 :00 p.m. The total daily dose (on all except the first day) 
of sulfanilamide was 0.20 Gm. per kiloprram of body weight, and the do.sc of 
sodium citrate was 1.0 Gm. per kilogram. Each single dose represented one third 
of the daily dose. An afternoon .sample of blood was taken at 4:00 p.m. and 
submitted to "partial analysis," consi.sting of determinations of senim plE 
carbon dioxode content, chloride, and blood sulfanilamide. An afternoon (4:00 
P.M.) urine .specimen was obtained by catheterization and the pIT determined. 
On the succeeding days of the experiment the same schedule was followed and 
a "partial analysis" was made on the morning and afternoon blood. Cell counts 
and hemoglobin estimations were done each morning, and morning and after- 
noon urine samples were obtained by catlicterization for pH estimations. On 
the morning of the day that the drug was discontinued a sample of blood for 
"complete analysis" wa.s again obtained. 

The results of this experiment arc presented in the first four columns of 
Table I. By the nature of the experiment, the morning anal.vsis represents the 


blood level at a time fifteen hours after the preceding dose of drug, whereas the 
afternoon analysis represents tlie blood level three horn's after tlie preceding 
dose. During the experiment no trend of cliangc from day to day was dis- 
cernible, and consequently only the average values for the morning and after- 
noon samples during the experimental period are I’ccorded. Prom the data 
resented in Table I it will be seen that considerahle fluctuation in blood sul- 
fanilamide level occurred between the morning and afternoon samples as wa.s 
be expected. On the other hand, the level of blood sulfanilamide was ap- 
ximately the same after sulfanilamide and sodium citrate as after sulfanila- 
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miflc alone. It will be seen that the serum pH was not appreciably altered from 
the control level by sulfanilamide, by sulfanilamide and sodium citrate, or by 
.sodium citrate alone, and, furtbermore, tliei’c were essentially no differences in 
the moniin" and aftcnioon samples. The serum chloride was maintained at 
approximately control levels in all of the present experiments. Serum bicar- 
bonate Avas slightly decreased after .sulfanilamide alone, but in the afternoon 
.samples, three horn’s after the administration of sulfanilamide and sodium 
citrate or sodium citrate alone, the scrum bicarbonate was increased. The hemo- 
globin content of tbe blood was not significantly altered in any of the experi- 
ments, the .slight variations encountered probably being explained by the loss 
of tbe blood removed for tbe chemical analyses. The erythrocyte and leuco- 
cyte counts of the blood Avere not appreciably changed. No significant changes 
in total base, protein, phosphate, or undetermined acid were noted between the 
beginning and end of the expeinment. 

Animals Receiving a Low Saif Diet. — In this series of experiments, dogs 
Avere maintained on a sA-nthetic diet quite low in chloride and total base and 
AA'ere given the same combinations of sulfanilamide and sodium citrate that Avere 
employed in the preceding experiments. The low salt diet was given for one 
Aveek before the stait of the study and was continued during the interval of eight 
days between experiments. Each of the three dogs under observation was 
shifted so that each sen-ed in each group. The routine followed in these experi- 
ments was exactly the same as that used in the above studies on the normal salt 
diet AA-ith the exception that no blood or urine Avas taken on the third and fifth 
days, although the administration of the drugs was the same on these days. The 
results of this experiment are indicated in the last four columns of Table I. 
It AAill be seen that, in general, the results of this experiment are similar to those 
obtained when the animals receiA'ed a diet with a normal salt content. However 
throughout the experiment there was a tendency to slightly greater chano-es in 
pH and bicarbonate as a result of the ingestion of sodium citrate either alone 
or A\nth sulfanilamide. 

Animals Receiving Sulfanilamide at Four-Hour Intervals. In order to 

ascertain the effects of blood concentrations maintained somcAvhat above the 
therapeutic levels, and also in order to decrease fluctuations of blood sulfanila- 
mide concentrations, sulfanilamide was administered six times per dav at four- 
hour intervals. The drug Avas giA-en at 9 ;00 am., 1 :00 p.m., 5 ;00 p.m. *9 -00 p m 
1 :00 A.M., and 5 -.00 a.m. in amounts of 0.05 Gm. per kilogram of body weio-ht 
per dose. Blood samples were obtained tAA-ice each day at 8:00 a.ai and 4°00 
P.M. Urine samples were obtained at four-hour intevA-als (see beloAv). Three 
dogs AA-ere studied in this way, the sulfanilamide being given for four six and 
seven days to the three animals. The analyses included blood sulfkilamide 
and serum pH, bicarbonate, and chloride determinations. The results of thes 
studies are summarized in Table II. Dogs 1 and 3 did not exhibit anv adverse 
effects from this experiment, whereas Dog 2, after the first day of the 
nient, completely refused aU food and vomited considerably durin<^ the 
of sulfanilamide ingestion. It AAfll be noted that the blood sulfanllamid^'^^”^ 
centration in this dog reached higher IcA-els than in the other tAvo d 
progressive increase occurred during the latter part of the e.xperime t^ ^ 
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for a period of six days to three tioff?. 

t0.20 Gm. of sulfanilamide per klloffrani per day plus l.o Gtn, of Ho<Uuni cltrat** per klluj^raiu p» r day adminNti-r*^! In t!in*»‘ ai ? :0‘) A.vt., 

1:00 f.M. and 5:00 p,m, each day for a period of six days to :i do^s. 

51.0 Gm. of sodium citrate per kllojynim per day admlnlstereil in thrfo dos«'s at *.»:00 A.M., J 'Op and 5:00 i\m» vaeh dav for a p*‘rlod t»f six 

days to three do^s. 
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same time the serum chloride in tliia animal fell from an average control A-alue 
of 110.3 meq. per liter to a minimum of 83.0 meq. the last day of the experi- 
ment. At this time tlie total ba.se concentration of the senun showed a deficit 
of the same magnitude as the chloride decrease. However, CA'en though this 
animal was severely dehydrated, there were no significant changes in the seram 
1)11 or the serum hiearhonate concentration. It will he seen that some decrea.se 
in serum pH occurred in all three dogs, although the decrease was not progres- 
sive. Dog 3 .showed a somewhat gi-eatcr lowering of seram pH than the other 
two dogs and had a minimum value of 7.32 in one of the .samples. The serum 
bicarbonate content showed some fall in all three animals, although the change 
was not marked in any. 

Table II 


Blood Studies is Docs RECEmxc SuLF.vxiL-^iiiDE -vt Four-Hour Ixterv.als 



1 DOG 1 


DOG 3 

Average blood sulfanilamide (mg. per 100 c.c.) 


47.0 

21.4 

Maximum blood sulfanilamide (mg. per 100 c.c.) 


70.8 

09 1 

Control serum pH 


7.40 

7.41 

.\verage experimental* serum pH 

T.39 

7.37 

7.35 

Minimum experimental* serum pH 

7.35 

7.35 

7.32 

Control serum chloride (meq. per L.) 

110.2 

110.3 

112.0 

-Average e.xperimental* serum chloride (meq. per L.) 

112.I 

1 99.S 

110.0 

Minimum experimental* serum chloride (meq. per L.) 

109.0 

S3.0 

107.0 

Control serum bicarbonate (meq. per L.) 

25.7 

24.7 

22.5 

-Average experimental serum bicarbonate (meq. per L.) 

21.3 

21.4 

20.6 

Minimum experimental serum bicarbonate (meq. per L.) 

19.3 

19.6 

19.1 


•During sulfanilamide administration. 


Animals Receiving a Single Large Dose of Sulfanilamide . — In order to 
ascertain the effect of large quantities of sulfanilamide on the acid-base equi- 
librium, dogs were given a single large do.se of 1.0 Gm. of sulfanilamide per 
kilogram of body weight. The sulfanilamide was mixed with approximatelv 
500 c.c. of warm water and was given as an aqueous suspen.sion. "With this quan- 
tity of sulfanilamide, marked dyspnea developed in all three animals, accom- 
panied by clonic con\*ulsion.s, spasticity, extreme salivation, and loss of most 
reflexes. A control blood sample was obtained along with samples at one three 
six, twelve, twenty-four, and forty-eight hours after the administration of the 
drag. Chemical analyses of tlie blood included those determinations recorded 
in Table III. It will be obseiwed that a maximum concentration of Iflood sul- 
fanilamide was obtained in the three-hour sample, although the concentration 
in the six-hour sample was quite similar. The A'alues presented in Table III 
indicate that there were no marked changes in the acid-base equilibrium of the 
blood, although all of the animals showed marked dysfunction of the central 
nervous system. Hemoglobin and seram protein concentrations showed eleva- 
tions that were a maximum at six hours, which would indicate that there was' 
a loss of water from the blood. 

CH.AXGES OBSERran IX THE URIXE pH 

In both the experiments with a normal diet and with the low salt diet ’f 
was found that the pH of urine samples obtained by catheterization were acid - 
the morning and alkaline in the afternoon. It has been su-^^msted that 
fanilamide has some specific effect in preventing bicarbonate reabsorpti ' ^th 
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nu 

kidney tuiniles and that this is the basis for the disliirhanrc in tlie achi-hase 
cquilihriiim which follows the ini'e.stion of sulfanilamide. Tn the expcrinu.-nt.s 
witli the noi'inal diet and the low sail <liet, the hltiod level of .snlfanihunide mus 
at the low jKiint when the urine was acid am! was eonsi<Ierah]y hiirher when the 
urine was alkaline. The urine j)!! was studied more elosi-ly in the aiiimak 
receivin': .sulfanilamide at four-hour intervals. The routine followed in tlii's 
e.xperimenl.s has been deserihe<l above, and it is to be noted that urine .saiaplus 
wore obtained by eatheteri/.alion at four-hour intcrvai.s duriiif: the day aiifl 
nij:ht. The urine was collected just ]>rior to .sulfanilamide administration. ^Vith 
two or three exceptions, the do^^s did not urinate between the four-hour cath- 
eterizations, so the entire urine output was c<*llected in this manner. The inaxi- 
nuun and minimum values of urine jdl for the three animals for each of the 
days that they were reccivim: sulfanilami<le an* iriven in Table IV. It will ho 
ob.servod tliat a considerable ranue of urinary idl was encountered <Iurinu the 


T.uii.i; in 

Ilijooa Srci'ir.s Foi.i.owi.vo .Si.vci.i; i.akoi: Dohi;’ or .St:i.iwsn..\MnT 
Avi:i:.\ok Kk.sci.t.s Outaiskd with THi;t;i: llofis 



TKOI. 

1 III:. 

1 


0 III:. 

32iir.. 

itA HI!, 

1 

•IS IIK. 

Blood .'hilfnnilamide (iiij;. jier 100 


57,s 

07.0 

02.0 


IS." 


Serum ])II 


7.:ts 

7.*)7 

4 .*>7 

7.50 

7.50 

7.5C 

Scrum total Imi-c {mcq. per L.) 

too.” 

ir.7.0 

300.2 

301.3 

105.7 i 

3.5, 5.S 


Scrum cliloridc (meti. per h.) i 

no.s 

107.7 

3PS.7 

310.0 

30S.5 i 

300.7 

lOS.C 

Serum bicarfionate i 

tll’.S 

21.1 

li'.O 

20,2 

30.3 

30.1 


B Pr,t {nio<(. per L.) 

M.l 

3-l.S 

35.:', 

Ifi.S 

1 ti.5 

35.2 


B BOt. (mcq. per L.) | 

•t.l 

•1.3 

o.R 

5.2 

5.0 

•1.1 


Undetermined ncid (nieq. per B.) 

S.-l 

U.7 

12.S 

3.5.0 

30.0 

7.t 


Ifcmoglobin (Gm. per 100 c.e.) 

12..*! ! 

t2.S 

15.2 

30.0 

1.5.7 

' 32.0 


Urine pH 

7.-I 

7.1 

7.S , 

7.0 

7.ii 

i 7.0 

7,0 


*1.0 Gin. of suIfnnllninUlo inr lUloKrain of body widrlit. 
tB.T.«e combined with iiroteln. 

JBase combined with phosphate. 


Tadi.e IV 


VAniATios IN' UniN’E Pit i.v Bofi.s ItroaviN-c Soi.r.tNir.AMiDE 


EXPJCniAfENTAl. 

DAY 


II0« 1 

DOG 2 

1 

POG 3 

1 

Mnx. 

8.-1 

7.0 

7.0 


Min. 

7.0 

i 5.9 

5.0 

2 

Max. 

7.S 

S.l ; 

7.0 


Jlin. 

G,5 

5.9 i 

0.2 

3 

Max. 

7.8 

7.‘I 

7.0 

1 

Min, 

C.C 


0.1 

4 

Max. 

7.0 


7.0 


Min. 

0.6 


5.0 

5 

Max. 

7.5 

7.-1 



Min. 

5,9 

0.9 


(5 

Max. 

7.4 

7.2 



Min. 

0.1 

0.1 



Max. 


7.2 



Min. 


0.2 
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same day in all of llie do"s. AVitli but two exceptions, the maximum pH was on 
the alkaline side of neutrality while the minimum pH was on the acid side of 
neutrality. The two exceptions mentioned occurred in Dogs 1 and 3 on the 
fu'st eximrimcntal day. Dog 1 on this day had a maximum pH of 8.4 and a 
minimum ])H of 7.0. whereas Dog 3 had a maximum pH of T.O and a minimum 
pll of 5.5. The only instance in which the fluctuation in pH was le.ss than 1.0 
occnri-ed in Dog 2 on the fifth experimental day, when the maximum pH value 
was 7.4 and the minimum value was: 6.9. 


DISCUSSION 


The present studies indicate that, M-ith continued sulfanilamide administra- 
tion and the maintenance of therapeutic levels of sulfanilamide in the blood, 
there ai-c no groat changes in the acid-base equilibrium. The small decrea.se in 
serum bicarbonate that oeeure can be prevented by the administration of sodium 
citrate along with the sulfanilamide. Hematologic studies in the dogs receimng 
cither .sulfanilamide alone or sulfanilamide plus sodium citrate indicate that 
there wa.s no anemia or leiicopenia in any of the animaLs. 

Hartmann® has suggested that respiratoiy alkalosis develops folloiving sail- 
fanilamidc therapy and that administration of alkali is imdesirable since it 
would tend to accentuate the alkalosis. Hartmann furthermore sugge.sted that 
chloride deprivation would result in even more marked changes when alkali 
was given with the sulfanilamide. The present findings in the dogs main- 
tained on a low .salt diet do not show any indication that ingestion of sul- 
fanilamide or sulfanilamide and alkali dun'ng .salt deprivation causes alkalosis, 
although the urinaiy excretion of chloride and total base was essentially zero 
during sulfanilamide administration. 


In the experiments in which animals were given .sulfanilamide ever\- four 
hours, there is furiher evidence to indicate that sulfanilamide does not cause 
severe disturbance in the acid-base equilibrium, although in these e.xperiments 
the average blood level was considerably above that usually souaht in clinical 
practice. In one of the animals (Dog 2) in which a marked dehydration de- 
veloped as a result of vomiting, the seium chloride and serum total base con- 


centrations fell by approximately 30 meq. per liter ; however, the seiaun bicar- 
bonate and serum pH were not markedly changed. In this e.xperiment the 
collection of four-hour urine samples indicated that even though relativelv hio'h 
and constant blood sulfanilamide levels are maintained, the urine pH will .still 
show considerable fluctuation. Mai-shall, Cutting, and Emerson^ sugaested that 
the excretion of an alkaline urine after sulfanilamide is due to the effect of sul- 
fanilamide in preventing a reabsorption of bicarbonate in the kidney tubules 
IMcChesny, Sprague, and MarshalP also believed this to be the case' On the 
other hand, H6ber'= has suggested that .sulfanilamide causes an alkaline urine 
by reason of its inactivating effect on carbonic anhydrase. From the re.sult.s 
that arc summarized in Table IV, it would appear that other faetore are also 
involved in regulating urine pH and that the secretion of an alkaline urine will 
not continue even though the blood sulfanilamide is maintained at a hi<rh 1 
constant level. The acid-base equilibrium of the blood did not 
for the variation in urinarj- pH. 
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I\l!ir.sli:ill, Ciiltiiifr, .‘iiid Imikm-som'’ ivportcd iirid-liaso sluilifs in tlirco (lo”s 
that wore ^:ivon larjxr doses of sidfaidhiinidi;. The fiiidiiius .sniruested acidosis 
in some of the samjiles, aitliomrh lh(‘ results were not uniform. The d(>y:s re- 
ported in iMarshall’s study siiowed marlced si'^nis of intoxication, as did those 
closcrihed in the pre.sent report whieh were "ivim a .single lar^e dose of sul- 
fanilamide. However, earefiil study of multiple hlnod .samples in all three of 
the animals of the iire.sent study <lid not di.selo.se any evidence of marked 
acidasis, althou'Hi the serum hicarhonatc was somewhat decrca.seil. The marked 
dysfunction of the frastrointestiiial tract and re.spiratory .system that occurs 
followinfj laroe doses of sulfanilamide "ives a basis for disturhanees in the acid- 
ha.se equilihrium of the hlood, although in the jirescnt <'.\perimcnt.s no marked 
disturhanees were oKseiwed. 

All of the ))re.sent e.xperiments offer evidence that the administration of 
sodium citrate alonp: with sulfanilamide has no contraindications and may fur- 
thermore he desirahle from the .standpoint of prevent ini: the decrease in .serum 
hicarhonatc that follows sulfanilamide intrestion. 

SUMMARY 

3. Studies of the aeid-hase halanee of the hlood wm'c carried out on ilofr; 
durin'T continued ingestion of sulfanilamide in amounts sufliicient to maintain 
therapeutic hlood concent rat ion.s. Small decrea.ses in serum hicarhonatc were 
ob.served, hut there wa.s no a[)prcciahle alteration in the .serum pll. 

2. Administration of sodium citrate aloip: with the sulfanilamide prevented 
any dccrca.se in serum liiearhonate and did not eansc tlie pll to vary apjireeiahly 
from the noi-mal. 

3. Ingestion of a low salt diet lieforc and during a period wlien sulfanila- 
mide or .sulfanilamide and .sodium eilrate wa.s ingested did not give re.sults 
significantly different than were ohtained during ingestion of a normal diet. 

4. Maintenance of hlood sulfanilamide concentrations at levels above those 
souglit tlieraiieutiealiy did not produce any marked changes in the aeid-hase 
eiiuilihrium of the blood. 

.5. Single massive dosc.s of sulfanilamide, siifiieient to iirodueo signs of 
severe intoxication, did not caii.se marked changes in tlie aeid-ha.se ecpiilihrium 
of the hlood hut did tend to cause a loss of water from tlie hlood. 

6. The pH of urine samples obtained at four-hour intervals during the 
maintenance of high blood sulfanilamide levels .showed marked daily tlnct nations 
M'hich could not he correlated witli certain views expressed in tlic literature. 
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PROTEIN HYDROLYSATE IN THE REGENERATION OF SERUJI 
PROTEIN IN THE HYPOPROTEINEJillC RAT® 


David B. Sabine, B.S., and H.ans R. Schshot, M.S., Yonker.s, N. Y. 


R ecently there have appeared reports on the regeneration of various 
proteins in variously depleted animals. Some of these studies have had the 
aim of comparing high protein diets tvith equivalent amounts of protein hy- 
drolysates* or of determining the relative efficiency of oral and intravenous ad- 
ministration.*-^ The results of these investigations have shotvn, ^rst that 
h3-drolysates are at least as efficient as whole protein; e.g., in the regeneration 
of plasma protein in dogs rendered hypoproteinemic by restricted diet * and 
second, that hydrolysates are as effective intravenouslj- as orallv *-2 " ’ 

In the normal clinical treatment of hj-poproteinemic patient.s (e <>• post 
operative care, after more or less severe depletion) it is now not uncommon 
(for e.vamples see ref. 4) to supplement a regular hospital diet with some pro 
tein hydrolysate, possibly an enzjTuatic digest administered orally (more rarelv 
and with attendant danger of shock," parenterally) or an acid hydrolvsaie 
(fortified, perhaps, with trj-ptophane and ewstine) injected intravenomslv ' A 
cordingly, experiments were undertaken in this laboratory to determine whether 
or not a normal diet supplemented by an enzymatic protein hydrolv.sat • II 
be superior to an unsupplemented diet in the regeneration of serum nrot"'””’"”^ 
hj-poproteinemic albino rats. * 

N. Biochemical Research laboratories. The .Vrtineton Chemical Companj-. Yonkers 

Received for publication, January* 15, 1942. * 
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Two Kc‘(,s of Ii(tor iiintos woiv iiscd in lln* (‘Xjioi'inifiils, Tlio fii’sl '-woui). 
all niak'K, weaned four weeks after the litter was east, was kept on a diet of 
Purina Checkers until almost five months old: the second urouj), two males and 
four females (sepremiled as to sex after weaning), wei-e similarly lreat<'d mitil 
almost four months old. 

At this point hoth H(((*rs were put on Die! h‘A (T.-iiile I). This diet, dc- 
sifrncd to deplete j)rotein reserves, was fed ml lihUum. Litter 1 was kept on this 
diet for tVJ days; Li!t<‘r 11 for 'ih days. The anifiials at this time were dis- 
tinctly hyimproteinemie and had lost imieh weiirhl (ef. Tahle II). Kaeli litter 
was then divided into two yroiips. One "roup reeeiv('d h'epeneralioii Diet I 
(powdered Purina Clusdceis. total nitroiren *l.‘2!l pei- cent i, and the other. Ih'geii- 
eration Diet II (jxtwdered Checkers (f)(» per cent) to which was added a.:') jht 
cent of a jn'otein hydroly.s.ale preparation® and 4. a j»er cent eornstareli, total 
nitrogen 4.27 per cent). This latter mi.xiure contained 10 per cent of its nitro- 
gen in the form of the protein hydroly.sate jirejiaratioji. 

On the ])rotein regenei'ation diets serum protein levels were followed iil 
approximately two-week intervals for Litter 1 diiriii" st-ven months, for Litter II 
during 4.5 months. The iininiids were weighed twi(>e each week. 


T.oti.r, ! 

!'c.oti:i.\' Drei.jmos I>nn' (>.\ 


nutter (salt) 

.S.P.-r'r 

Ihini 

-t.ise;- 

Vpil.st 

a.g.sr?- 

Cml-Iivor Oil 

L’.lilCr 

O.shoriie-.Mcndcl .s.-ilt .Mi.vliire 

•l.IS'Cf 

(.'orn.stnrcli 


Sucrose 



T.mii.k II 

WKitiiiT .Srne.M Pcotkis V.m.cc.s 



MTTi:u l‘ 

I.ITTKl: nt 

(u.oer A 

(tuori* II 

(iKorr A 

(jijorr 11 

’A 

>• 

U 

O 

1 

t;! 

^ s A 

i; 5 < = 

c- 

~ r 

P ^ I r: 

. S . c 

> 

< w < i- 

^ w < ^ 

Prcdepletion period 


2dl 6.0S 

mQiimggiii 

ns 

177 (i.50 


End of depletion period 

)SS 

1 tit) 4.90 

162 4.90 

144 

113 5.43 


Regeneration period 

L’O.'i 

217 

241) 

.H8 

401 

1.00 5.49 

203 5.(11 

232 6.23 

252 6.14 

307 6.21 

199 5.79 

230 5.87 

231 6.7(> 

268 6.33 

,313 6.48 

167 

1S2 

217 

273 

317 

Hi,". 5.86 

177 5.82 

207 6.04 

209 6.42 

210 6.44 

3 71 6.20 

1S7 6.24 

21 1 ().48 

221 7.16 

222 6.89 


I- 


Groiip ®, 3 mules 


•Litter 

tLitter II. 

Groups A 

Groups B on Rcffcnoration Diet II. 


Each BToup, one male and two females 
Groups A were on Regeneration Biet I 


-••'The nrtSfein hjMcolysato preparation used was 'Aminolds, a product containing 41 
I ..f iln enzvmatle digest of dried powdered beef (13.0 per cent), wheat gluten (41. 
cent of an ^ cent), and dried bre%i-er’s bottom yeast (1.2 per cent). 


5 per 

6 per 
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Serum protein \v;i.s (lelerniiued l>y tlie fallinir flrop method, using a Kagan 
proteinonieter,' on serum olitained from (ail slices. All determinations Avere 
made in dnidieate. In Table II an* presented some of the data aecumulated 
during these experiments. Full (ai)ulations arc omitted to consen'c space. 

Tile total consnmiition of Ilegeneration Diets I and II Avas jneasiired, and the 
average food intake jier rat Avas calculated from these figures. These data appear 
in Table III. 

T.vbi.k III 


Tot.u. Avk.i;.\gk D.vii.y Fdoii CoNsi'MCTiox CKK R.AT Dcf.i.VG Regkn'eu.atiox Period 


( ccocr A 

OROL'P B 

Jjittcr 1 j 

I4.::.> Gill. 

14.42 Gm. 


(O.ill.j Gni. X) 1 

(0.0(5 Gm. N) 

Litter 11 

Ig.SS Gm. 1 

13.12 Gm. 


Gni. Xi 

(0.560 Gm. X) 


UI'.SrLTri AND DISCUSSIOX 

In the case of Litter I where an aA'cragc Ai-eigiit loss of 33.5 per cent and 
an average decrease of 20.4 per cent in blood serum protein concentration AA'erc 
recorded during the protein depletion period, the animals on Regeneration Diet I 
(AA'ithout added hydrol.vsate) required a significantly longer time (123 days as 
opposed to 100 days) to recover the AA-eight lost. With regard to the regenera- 
tion of serum protein, no attempt was made to estimate the amount of new 
serum protein fonned, since blood A'olume studies Avere not undertaken. Using 
as an index the per cent of protein in the blood senim, it AA’ill be seen that this 
value rose at a significantly higher i-ate during the first 58 days, at least, for 
the animals on Regeneration Diet II (containing added hydrolysare) . 

The animals of Litter II shoAied slightly more scA'ere Ai-eight loss (35.7 per 
cent) and slightly less decrease in per cent of protein in blood seriun (17.5 per 
cent) at the end of the depletion period. Here, hoAvever, the Aveight recovei-A- on 
both diets took place much move quickly (38 and 35 days on Reaeneration 
Diets I and II, re.spectively) . The only e.xplanation AA'hieh can be put forth 
from the data at hand seems to be that although the percentage decrease in blood 
seram protein content n-as almost as high as in Litter I, the actual A'alue at- 
tained at the end of the depletion period Avas significantly higher, Avliich suggests 
that these animals haA'ing been less hypoproteinemie AA'ere, consequenth- in bet- 
ter general health. Also the animals in Litter II AA'ere about one month A-oim"er 
than those in Litter I and may still haA'e been in the period of normal irroAA-th 
Consideration of these factors makes even more .striking the faet that the per- 
centage of protein in the blood serum increased more i-apidly on Regeneration 
Diet II than on Diet I. 

Especially significant is the res])onsc recorded in the blood serum pj-otein 
levels during the first intervals in each experiment. In Litter I the inerea.ses 
on Diets I and II were respectively 10 per cent and IS.l per cent durin- Die fir.st 
15 days; the corresponding values in Litter II Avere 7.0 per cent aiufl" 0 
cent in the fii-st 23 days. 

When one considers that a prompt response to diet IherapA- i.s f[ 
desideratum in the treatment of hypoproleinemia. the value of addL^^^™^' 


1120 


Tin; .louuNAi. or i.Aiion.vrony and ci.iSKrM, MKnunsi; 


drolyzofl |)rol(‘iii to nil otlicrvvisc riortiml «lif( is rfiHici'fd iinprcssivo liy this 
result. It liiis jilrciuly lu'cii sIkiwii liy <itln*r worhcrs tiint Itydrolyzi'd iMotdn 
iiloiio .seems tmi t<i Imve any sjieeial {idvinitaue over nnliydnilyzisl jiniteiii as tho 
dietaiy .sourei* ol’ nifroiicn in t!ie reiri'in-ralinn ni' Idnud .seriiiii jienteiii.* It is 
evident I’rnin llu>.se expt'rimenls tliaf llie enmlnnalinii nf Imtii is .simnilaily ii- 
feetive and can he utilized efi'eetively in wlmf Davis and Getzofr leiin ]K)'t- 
hepatie and preliepatie liypnprntt'ineinia nf certain types. 

When these results are considered in the liulil of the ilaln in Tahle. Ill, it 
heeoincs noteworthy that the increases in hlood .sertini protein levels were 
achieved in both litters without siirnitieant inensises in tin' total intakt’ ot nitro- 
gen ; i.e., the etleets observed Were obtained by a substitution of hy<h'olyze<l 
iirotein for intact protein, not by ad<lition to an otherwise aderpiale diet. 

Sl’MMAftV 

1. Kats rendered hypoin'oti-ineinic by diet re.st rietion were observed to 
recover from the jirotein depletetl stale by oral administration of a tiorinal 
diet, and of a similar fliet in which hydrolyzed protein was substituted for !•> 
per cent of the intact jirolein. 

2. With practically eiiuivalent total consum)>tion on both diet.s, regenera- 
tion, as measured by increase in the blood .serum protein level, was practically 
twice as rapid on the fortified diet <lnring the first two to three weeks of the re- 
generation period. 

The authoi-.s jirc lii<li l)l< <l to 11. .V. Hurl*- fur .■(■■’sl.sliiiice In tin- jieeisoivtloil of tills liinmi- 
scrJpl. 
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IJIPROVED ^lETHOD OF TRANSPORTATION OF lilATERIAL PROM 

GONOCOCCAL INFECTIONS^ 


Lekore R. Peizer, B.A., and Gustav L. Stepfes, Ph.D., New York City 


T he use of gonococcus cultures has been considerably hindered by the lack 
of simple methods of transportation of gonococcal pus specimens to the lab- 
oratory. Tiie method most used at present is to immerse a cotton swab con- 
taining the pus into broth or some other licpiid medium in a earrj'ing tube and 
to send it to the laboratoiy within six hours from the time the material was 
taken from the patient. When the culture material is in transit a longer time, 
negative culture results are unreliable. 

Comparatively few investigators (.Schofield,^ Lumiere and CheiTotier^ 
Hauptman and Philadolphy,“ Wortman, Gronau, Deakin, and Love,^ Conn®) have 
studied the effect of time, temperature, and medium on the ^^ability of gonococci 
in gonorrheal specimens. In the present study an attempt has been made to 
detennine the influence of time and temperature on the siundval of gonococci 
in specimens received on swabs immersed in broth, and to obtain data for the 
introduction of an improved transportation medium. 

Material from knomi positive male and female cases of gonorrhea was 
used. The specimens reached the laboratorr- fifteen to thirty minutes after 
being taken. In the laboratory each swab was immediately streaked on pla.sma 
hemoglobin agar® and returned to the broth in the carrA-ing tube. Two series 
of determinations were made ; one series of 171 specimens in which the material 
was kept in broth at room temperature (22° C), and another of 162 specimens 
in which the specimens were kept at refrigerator temperature (6° C.). Follow- 
ing the inoculation of the immediate or control culture each specimen was plated 
on the same kind of medium eveiy two hours for ten hours and again at twentv 
hour.s. The plates were incubated at 37° C. in an atmo.sphere of 8 to 10 per 
cent CO„ for forty hours immediately after* inoculation. 

Table I shows the results obtained from examination of the two-houriv 
serics of plates inoculated with known gonococcal material kept in broth at 
room temperatures (22° C.) and at refrigerator temperature (6° C ) The 
readings arc separated into 4 plus (4-), 3 plus (3-). 2 plii.s (24-), 1 ph,s (U) 
and plus-minus (t) according to the numbei-s of colonie.s found on the first set 
of streaked plate.s, which were the control plates of each series. In Table I 3 
plus an d 1 plus readings were omitted since the rc.sull.s were similar to Giose 

•From Bureau ot L-aboratorios. Dopanment of Hralth. X'cu- Vni-t- 
Rccoivod for public.ation, July 30. 1942. ' 
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obtained from 4 ]ihis and plns-ininus cultures respectively. In considering the 
results of Table I it is essential to take into account the probable eiror in the 
percentages due to the mechanical factoi-s involved in streaking a number of 
plates vith one swab. 

Out of a total of 171 positive speeimeus kept in broth at room temperature 
for twenty hours, 95, or 52 per cent, failed to show gonococci on culture. Of 
the 162 refrigerator specimens, 82, or 50 per cent, failed to show gonococci on 
culture. 

The tests ,iust described indicate that there is a diminution in the niunher 
of gonococci in storage of the specimen in broth, and that the diminution is in 
ratio to the length of time in storage. "When specimens arc kept in broth at 
room temperature, the culture frequently becomes overgromr with contaminating 
bacteria wliich prevent the isolation of the gonococci. Therefore when broth is 
used as a transportation medium, it is necessars- to reduce the time in trans- 
portation to a maximum of four hours, particularly in doubtful eases. 

In a subsequent study, in which plasma hemoglobin agar plates instead of 
broth were used for transportation, the folto^vulg method was adhered to: A 
set of three plates was used for each knoA\'n positive ease. The plates were 
inoculated in the clinic and sent to the laboratoiw without delav. One plate 
from each specimen was incubated immediately at 37° C. for forty houi-s. in an 
atmosphere of 8 to 10 per cent CO». The second plate was kept at room tem- 
perature (22° C.) for twenty to twenty-four hours, and the third plate was 
placed in the refrigerator (6° C.) for trventy hoin-s. At the end of twentr- to 
twenty-four hours the room and refrigerator plates were incubated in the same 
manner as the immediate plate. The results obtained from the immediate and 
delayed cultures are shown in Fig. 1. 

By transporting material on plasma hemoglobin agar, the loss of positives 
at I’oom temperature after twenty to twenty-four hours was reduced from 5“? 
per cent loss in broth to 11 per cent on agar, and at refrigerator temperature" 
from 50 per cent loss in broth to 14 per cent on agar. 

Although transportation on solid medium is an improvement over tlie bro'h 
method, tlie loss of 11 to 14 per cent of positives in twenty to twenty-four hour.- 
is too great. Various substances were therefore incorporated in the medium 
an attempt to find one which would effect better sum-ival of tlie gonococci di'm' 
transportation. When cysteine monohydrochloride. wlnV-h had been us d^T" 









3324 


Tin; .lOUHNAI. OK l-AOOlJATOUy ANO OI-INIKAO MKOICINi; 


Colin^ in liquid media, was added to {ilasma liemo'rlohin atrar to a eoneeiitratioii 
of O.Of) to 0 . 0:1 jier eenf, the •ronoeoeei in llie .specimen on tlu'.se plates reinninod 
alive in ])raelieally every instanee, when stored at room t<‘mperalnre for twenty 
to twenty-four hours hefoiv ineiihation. 

In the jireparation of the eysteim* im-dium, a s(erii<- 10 [ter cent aqncoii.s 
solution of eysleine monohydroehloride is added to the melted proteose iieptonc 
asiar after it has heen cooled to no® and Itefore idiosjihate, jdasma, and henio- 
{llobin are added. This precaution is taheii to avoid the formation of a preeipitMle. 
Cysteine monohydroehloridi' is added to a e«ine(*ntraf ion of O.O.'J jier rent. Fip:. 2 
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Kip. 1. — Oai' Inindroil tliirti'cn Iinown j>o.>!|(lv<' from mrili'.« ^^tr^■nl^^sI <m lu)r.“t' 
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PiR. 2. — Ninety-two known po.sitlve atrnins from males streaked on O.ns per cent c.v.steine 
monohydroehloride horse plasma hemoglobin agar and loft at room aiul refrigerator tempera- 
ture for 24 hours before incubation. 

Eiglit strains lost at refrigerator temperature In 24 Iiour.s ; none lost nt room temperature. 
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shows the results on 92 known positive specimens from males, streaked on 0.03 
per cent eysteinc aiiar plates, and kept at room or refrigerator temperature for 
twenty to twenty-four hoiu-s. In this series no positives were lost at i-oom tem- 
perature, and S.T jier eent were lost at refrigerator temperature. 

During this exjierimcnt 1-eystine was also tested (Higginbotham'). This 
chemical inhibited the growth of gonococci when 0.1 per cent, 0.05 per cent, or 

0.025 per cent was added to pla.sma hemoglobin agar. When 0.1 per cent was 
added to plasma hemoglobin agar containing veal or beef infusion as a base, it 
})rodueed a luxuriant growth of gonococci. It seems that 1-cystine requires a meat 
infusion base in order to stimulate good grouib of gonoeoeei. Because a meat 
infusion base is required and because the chemical dissolves only in the auto- 
clave. 1-cystine was not tested in transportation media. 

The cysteine plasma hemoglobin agar was then tested as a transportation 
medium for general routine cultures. Each of 1,250 specimens were streaked 
directly on three plates, two of which contained plasma hemoglobin agar, and 
one, plasma hemoglobin agar with 0.03 per cent cysteine monohydroehloride. 
The plates witliout cysteine were incubated immediately -as controls. The 
cysteine plate was kept at room temper-ature for twenty to twenty-four hours 
and then incubated in the usual manner. There were 240 positive cases, of which 
six control cultures were negative when the eoi'responding cysteine plates were 
positive, and five cysteine cultures negative when the corresponding control 
plates Avere positive. There was a drop in the nxmiber of colonies on cysteine 
plates in about 25 per cent of the positive cultures. This drop in number of 
colonies varies and is not in proportion to the number of colonies on the control 
plates. Almost all of the plus-minus cultures remained positive. The exposure 
of the sti-eaked plates to out of dooi-s xvinter temperatures for two to thi-ee hours 
did not affect the culture results. 


SLWnLARY 


1. The streaking of gonococcal pus directly on to enriched solid medium 
containing 0.05 to 0.03 per cent of cysteine monohydroehloride sax-es 100 per 
cent of the positives Avhen at room temperature up to ten liours, and about 98 
per eent when left at room temperature from twenty to twentA'-four houi-s. 

2. In specimens kept in broth at 22° C. for six houis 10 per cent of positives 
are lost, and for ten houi-s 26 per cent of positives are lost. On plasma hemo- 
globin agar none are lost up to ten houi-s. AYlien specimens are kept tAventv 
hours at 22° C., 52 per cent of positives are lost in broth, 11 per cent on plasma 
hemoglobin agar, and only about 2 per cent on plasma hemoglobin asar AA-ith 
cysteine. 

3. Transportation on solid medium is .safer at 22° C. than at 6° C Some 
cultures (S.T per cent) are destroyed at refrigerator temperature Avhen exposed 
to it longer than ten hours. 
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AX KLEC'TKK’Ah I’lJi )( 'Hin'UE FOK TJIK KHin'inFlCATKiX- 
COXFFXTK’ATIOX OF A.XTITOXIX" 


FrcF.Ni: ('audoni:. .\i;\v Yokk. .X. V. 


W llEX nntitoxiii iioc.s, tiu' niiliiioily wliioli it I'uiiUiiiis liiso.‘: lilor; tiii.'; in :ill 
in-uhabilil.v is a result of ]>ro1eiii Iraiisforniatious wliicli eaniiot lie .stopped. 
Wlien a lar.oe deeretise in aiililiody eonient oeein-s. the ni.-ilerial lieromes too 
wetik for tlierapeutie use. Uallier than liiseard this vahuiiile material, it is de- 
sirahle to iiierease its poleiiey ajiaiii hy redueinir its viduine. Tlie amount «t 
total iiitrooieii jiossihle per unit volume, however, is Hxeil hy law, and therefore 
this reduetiou in hulk must he aeeompanied hy a eorre-spondino; elimination of 
iinmunoloo:ieally inert protein. 

The saltinir-out method ulilizinir sueh salts as sodium and ammonium 
sulphate, fir.st develojied hy (Jihson,' ami then im])roved upon hy a hast of oth- 
ers, is the ino.st eommon method u.sed today foi- purifyin'.r and inereasin; 2 : the 
titer of antitoxie jda.sma. Fxperieiiee has shown that when this proeediire is 
a<raiii employed in an attemiit to repurify delerioialed antitoxin prejiarations, 
the los.ses sustained in aetive material are larfre and the inerease in jioteiiey is 
small. In view of the fact that the euiflohulin. alhumin, and filirinoifen frac- 
tions had been eliminateil hy the first imritieat ion of the anti.serum, then, in the 
scojie of this method, there is no more immun(do;fie;dly inert jirotein to he 
eliminated hy repuritieation. Fonseipiently an inerease of antibody iweudo- 
globulin per unit, volume is imi)o.ssible. 

An electrical proce.ss is described here which treats the ;intibody ]irotcin 
molecular aggregates in .such a manner as to allow a further iniritication with a 
sub.sequent increase in antitoxin value jier milligram of nitrogen. Furthermore, 
the color-carrying protein, Avluch had been oxidized and reduced to coloi-s vary- 
in" from light brown to red, is to a great extent, eliminated ivith the inert frae- 
timi leaving the reprocessed material lighter in color. 

The decree of increase in poteney per unit of nitrogen has ranged with this 
])rocess from 15 to SO per cent. The A’ariatiou is caused by the condition of the 
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CAUDOXE : 


different lots reprocessed. Tliose wiiicli were old and. whose protein content had 
become more sfalile did not allow as good a rcconeentration as more recent ma- 
terial where protein transformations were more readily induced. The losses in 
antitoxin sustained Iiy this jiroce-ss vary from less tlian 5 to more than 20 per 
cent depending again uiion tlic condition of the material and upon the degree of 
rcconeentration whicli one tries to attain. 

Tlie data in Table I give the variations in lo.sscs and in potency increase 
with six different lots of diphtheria antitoxin. 
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The apparatus and procedure of the method are desciibed here in detail 
because it has been found that even small variations in size of tubes, cellophane, 
amount of water added to the units, pH values, etc., make a decided difference 
in the quality of the final product. 

APPARATUS NO. 4 

The metal tubes are five inches long, one inch in diameter, and one thii-tv- 
second of an inch thick. They are made in the form of long, watertight thimbles. 
Zinc has been found to be the most efficient metal to use. because, for one reason. 
Its ionization does not cause the serum to undergo rapid oxidation-reducin? re- 
actions accompanied by color formation. 

The tubes are filled with tap water and the platinum electrodes are inserted 
as sho^vn in Fig. 1. 

There are two semipenneable membranes made of water-softened cellophane 
(Dupont, No. 600) and each contains three tube electrodes. Thus, there are 
three anode tubes in one membrane and three cathode tulies in the other. 

The membranes are filled with tap water equal to the volume of antitoxin 
to be processed. The tube electrodes are inmiersed therein. For the support 
of these different imits, the author has arranged a fiat piece of gla.ss with suit- 
able holes to fit over the container, so that a metal frame firmly attached to each 
cellophane bag can be screwed onto it. dtlier holes allow the tube electrodes to 
be immei’sed in the fluid of each membrane. 

The current used has been 120 volts direct current with the circuit as sliomi 
in Fig. 1 . The current from a battery in con.iunction with suitable resistance 
can be used instead, if desired. Three variable re.sistances are u.sed instead of 
large equivalent one for purposes of convenience onl.v. 
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From 30 (o laO miliitimpi'ros aro juKscd lliroiipli the aiitismiin with an 
elcetromotivc force of from 30 to 120 volts. This ciirrciil, wlioii tised witli tliis 
apparatus, has Iiceii found to cause no anliliody dost rindion. 




kik. 1. 


I’KOCEDURE 

All hvdroRcn ion values referred to in the foUo\vin;i- description have heen 
determined hy the color comparator method. Gamma dinilropheiiol and para 
and incta nitrophcnol indicator-s with appropriate disc standards were used. 
This method has been checked witli the potent iomctric mctliod and if lias heen 
found to be sufficiently accurate. It has boon employed iu this n-ork heeause it 
lends itself more readily to the running of many determinations in a short lime. 




CAUDONK; Ui'.l’UUn'lCATIOX-COXCKXTHATION OF ANTITOXIX 1129 

Tlic antitoxin material to be pt'oeessed is adjusted to a hydrogen ion value 
of pll ii.l with normal aeid acetie. It is dialyzed against running water until 
all tlie salts ]ios.sible have been eliminated and the liydrogen ion value has in- 
creased to between pH 9.9 and pH 6.5. It is tlien diluted with distilled water 
to a nitrogen content of between 8 and 12 mg. of nitrogen per gram of material. 
The hydrogen ion value is again adjusted to pH 5.1 as above. 

Thus prepared, the material is poured into the gla.ss container of the ap- 
paratus, the membrane units are immensed therein, and the electric current is 
tunicd on. 

When a preparation which permits visibility through it is being proee.ssed, 
one can immediately see sti-inglike oozing and settling of colloidal material all 
around and under the cathode membrane unit. 

The material should be stirred from time to time manually unless a .slow 
tacchanical stirrer is used. 

The liydrogen ion concentration must be checked often. It will be noted 
that as the proec.ss continue.s, more and more protein matter precipitates in the 
region of the cathode unit, accompanied by a slow but eomstant i-ise in pH value. 
Wlien pH 5.9 has lieen attained in the mixture, the proee.ss is .stopped. 

It has been determined by many tests for antitoxin that the protein 
precipitated up to lliis point is mostly euglobulin. This fraction of protein is 
one of the immunologically inert globulin components Avhich is precipitated be- 
tween 0 and 30 per cent saturation with ammonium sulphate and whose exi-stenee 
has been further proved by the analysis of scrum’ with the Tiselius electro- 
phoretic apparatus'*’ and the ultracentrifugal sedimentation method of Sved- 
herg.® It contains no antitoxin except for a little which has been adsorbed bv 
the precipitating proteins. Tliis precipitate is separated from the mother liquor 
by filtration or centrifuging, and the precipitate is washed free of the adsorbed 
antitoxin by mixing it well with di.stilled water. The solid is sedimented or 
filtered again and is discarded. The washings are pooled -nith the filtrate or 
supernatant of the first separation. 

In this manner the antitoxin has been repurified of an immunolomcallv 
inert fraction of protein which, for the mo.st part, would not have been present 
in the scope of the salting-out procedure. 

The immunologically useful protein, namely, the pseudoglobulin, Avhieh re- 
mains in the clear purified material, can now be brought to a desired smaller 
volume by emploAung the folloufing technique: 

Normal sodium hydroxide is added slowly and with constant stirrin" to 
the purified colloidal solution. As the hydrogen ion concentration is redu'ced 
more and more of the protein content precipitates out as in fsoeleetric precipita- 
tion. Finally at pH 7.0 to pH 7.4 all of the useful protein should be in the .solid 
state. The precipitate is collected by filtration and the filtrate Is discarded 

Normal aeid acetic' is added slowly to the solid, until constant mlxin-^ until 
the precipitate is in the colloidal state. The pH value of the resultinr. solntiou 
will bo between pll 5.6 and pH 5.S. Solid .sodium chloride to 1 per cent is added 
and^e material is dialyzed again.st running water until only a trace of chloride 

•An alkali has the same effect: however it has bet-n fonnri 
more tolerant to acUlUy than to alkalinity. " that antitoxin antibody is 
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urn reiiijiiiis. Oiio per cent solid sodium cliluridc ;ui(i a siiilaliie prcsci-vativt! 
arc added after dialysis. Tin' hydrogen ion value is .sot at ]>H 7.2 and tlie nin- 
lerial Ls now ready for sterilisation and standardisation. 


lUsri’.ssioN 


If aecordiiitf to K'riiyt,* eulloi<lal particles t?f tlie eiiudsoid type j)os.sess two 
factors which tend to make them stahle with respect to precipitation, namely 
charge and hydration, and that either <»f llnsse is enough to [U'cvciit at'gregation 
of particles and tloceulation of the colloi<l. then the app.nrntus as used satisfies 
both of these conditions and causes selective lu-ecipitatioii of the jirotein content 
of immune serum. 

To develop the jircsent eipiipmeid .\])j)aral ns 1 was first emiiloyed. ^la- 
terial proce.sscd with it showeil oily, colloidal oor.ing and .stilling around and 
under the anode or cathode units depentiinir <»n the tliris-tion of eli'ctrophoresis 
cau.sed hy the ])11 value of the antiserum. 

When the proce.ss is hegun with this apiiaratiis at a neutral jdl value, the 
settling of material at the anode unit is folhnvetl hy tin* formation of a zone of 
clear Iluid at the loji of the serum in tliis region. The jdl value of this clear 
tluid is acid and lu'csenlly a hazy, ill-defined lu-ecipitate of pseudoglohulin scjia- 
rate.s out and slowly .settles to the hottom layer. The clear zone tlimi loses 
detinitiou and assumes the pll value and the color of the hulk. There i.s no 
definite lasting iirecipitate. however, ami the reaction of the serum during the 
process .slowly becomes acid. This apparatus, tln-rcfore, altliou.gh it cau.ses 
protein transformations, is not enough of itself to eause aggregation of molecu- 
lar pnrtk'les and flocculation. 

To add tiie necessary faetor tlie metal .faekeks were added to the unit.s, and 
their slow ionization completes tlie meehani.sm of the desired reaelion. When 
antiserum at a neutral jiH value i.s proee.ssed witli lids apimratu.s, the jiroteins 
lU'ceipitate in a tliiek eoat on (he outside surfaee of the anode membrane unit. 
When the ])roce.ss is tiegun with the .serum at jill 5.1, Imwever. tlie de.sired 
selcetive preei])ilation i.s obtained. 

The hydrogen ion value of the fluids in the anode and ealliodo membrane 
units at tlie end of (lie jiroce-ss slmw the former to he lietween pll (>.2 and jiII G.5 
while that of the latter i.s above ))11 8.4. It lias lieen fonml that an alkaline 
eompound of the metal is formed in these units. The alkalinity jirodiiccd in 
the anode unit, however, is transmitted to the scrum as fast as it i.s formed by 
electrophoretic action. The result is a .gradual ri.se in the pll value of Iho.sennn 
while that of the unit fluid itself remains constant. The cathode unit does not 
transmit any ion to the serum and therefore the reaction of this fluid l)ecome.s 


alkaline. 

To demonstrate these point.s an alkali was added to the fluid of the anode 
unit with or without metal jackets, and the jiH value of the serum rose immodi- 
■ileiv The rcvcr.se was true when an acid wa.s added. When either acid or 
•ilk'ili were added to the fluid of tlie cathode unit no change in the pH value of 
the serum occurred. 

tPe anode metal jacket is the real functional one was sliown b.v 

• . Tonlcrial w’ith a platinum electrode in the cathode unit and the 

•proeessmg some 
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regular metal jaeket in the anode unit. The scrum nndorwent selective preeijn’- 
lation as usual, hut tlio degree of reconecntral ion was not as good as when the 
complete apiiaralus was used. No selective precipitation occurred when the 
metal .iaeket was put in the eatiiode unit and tlio })latinum electrode in the 
anode. 

The anodi' tulie is gradually used uj) during tiie proco.s.s l)y the slow ioniza- 
tion of the metal while the outside surface of the cathode tube shows a black 
region, which is caused by a dejmsition of metal ion from the .sy.stem as in 
electroplating. 

The apparatus also cause's some electrodialysis of the serum to ocevw mak- 
ing passible protein precipitation with very small riuantities of metal ion. 

srsniARV 

An electrical ])roce.ss is described which makes jmssiblc the repurification of 
deteriorated antitoxin material. 

The apparatus is planned in a manner that allows purification and final 
reduction of volume by isoelectric precipitation of the proteins, thus eliminating 
the use of saturated salts. 

The procedure is simple and it cair be adapted to large-scale work. 
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A STL'DV OF MHDJA Fol{ TVFJIOH) lil.OOO (.'I'l/rFKKS® 


Thomas (’. (!i!i:iii!, Fii.l)., !V\i/nMoi:K, Mo. 

]nti!oi>i;(;tion- 

T ine isolalion and idfiililicalion of JChirllulht hjphiisii from tin; Itlood, Iccos, 
or urine of a jmfient lias long been reco,“:niml as the most valuable lalmra- 
lory aid in the dia'^iiiosis of ly|)hoid fever. While extensive exiierimenlation has 
yielded a number of very prodnelive types of media for the isolation of A. 
tiipliasu from the feee.s and urine, relatively little ehoiee of media is available 
for the isolation of this oi'minism from the patient’s blood. 'I'he frlyeerol-hile- 
pe])tone medium devised by ('onradi' in JtKIt! is jirobably the most frecpiently 
u.sed medium foi* typhoid blood eultui'es, jiarlieularly clot eiiltiires. at the pres- 
ent lime. It is commonly believed, as stated by (loleman,- that the bile in this 
medium dissolves the blood elot. but in the winter’s ex])erieuee little if an,v dis- 
solution of the elot oeenrs during' the usual ineiibation jieriorl of seven to ten 
day.s at 37° C. The impular belief in this jiroperty of bile is pi’obabl.v based upon 
the misinterpretation' of t.^mradi’s oriirinal statement that the bile pnvcnls the 
forvHtliuu of a elot when wlioh; blood is inoculated into the medium. 

The routine u.se of elot eidtures for the diatrnosis of lyjdioid fever has he- 
eome a common jiraetiee in public health lahoraloric.s durimt recent .vears, since 
both an agfilutination tost and a blood culture can be performed on the .same 
specimen. While this iiraetiee is u.sually .satisfactory, there is aiiparently an 
unavoidable tendene.v for many of the clot.s to become contaminated either in 
the taking of the blood or during transportation to the laboratory. The writer 
is aware of jiublie liealth laboratoriiis where as high as oO ji(“r cent of the clots 
have been contaminated, e.s])eeially during the warm months, despite meticulous 
a.septic technique after the specimens reached the laboratory. Since the ma- 
jority of contaminating organisms from clot cultures in Conradi’s medium are 
staphylococci, it would appear desirable to add some substance to the medium 
which would suppress the growth of staphylococci without inhibiting the 
multiplication of the typhoid bacillus, if j)rcscnt. Recently Hager and Grubb^ 
reported that p-bT'omoeinnamic acid would exhibit such a selective iidiibitory 
action against .sfaphylococei Avithout atl’ecling the growth of E. iijphosa. Since 
this preliminary studj' suggested the utility of p-bromocinnamic acid for tyjihoid 
clot culture media, an extensive i77A'estigation Avas 777ade to defe7'n7i77C tlie prac- 
ticability of adding this acid to Conradi’s medium. The jAi’Csent report sutu- 
marizes the re.sulls of this stnd.y. I71 addition, a eon7pa7-atiA’e study Avas made 
Avith media containing sodium dcso.xyeholale to dctci’mi7io Avhether or not this 
a"ei7t, suggested b.v Seller.s'' for blood cultui-es, Avas more or less cffcctiA'e than 
p-bromocinnmnic acid in selcetiA’cly inhibiting the growth of staphylococci. 

^lom tlie Dep.'irttiient of B!icteriolog:>-. University of Marylanil, Seliool of Pharmacy. 

Jnfiphtrd to Miss Shirley M. Glicknmn for in this work. 

The wntci is inucun-i* 

Kcceivea for pnWication. AuK«st 5. 19-1.. 
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EXPERIMENTAI. 

Prclimiiiavy oxpcriinoiils indicated llial tlic selective in1iii)itory action of 
p-broinocinnaniic acid for staidiyloeocci was dependent upon the concentration 
of the acid and the pll of Conradis nicdium to which it had been added. It 
was found that the lower the pIT of the medium, the less the amount of p-bromo- 
cinnamic acid required to suppress the growtli of staplndocoeci. Likewise, if 
sufficient p-bromocinnainic acid were added at a low enough pH, a point was 
reached where the growtli of the typhoid haeillus as u'ell as that of the staphylo- 
cocci was completely inhihited. It was therefore olmous that the proper balance 
of pH and concentration of p-bromocinnamic acid must be found wliich would 
inhibit the growth of staphylococci without affecting the growth of E. typhosa. 
After several trials it was found that if Conradi’s medium was adjusted to 
pH 5.0 with p-bromocinnamic acid in a concentration of 1:5000, the medium 
would exhibit the desired selectivity. Table I indicates the results obtained 
with this combination containing 10 per cent of defihrinated rabbit's blood. 
Freshly isolated strains of E. iyphosn^ and BUiphylococcns alhns were inoculated 
into the medium and plate counts in nutrient agar made immediately after in- 
oculation and after twenty-four hours’ incubation at 37° C. 

It is evident from the data shown in Table I that there is a definite bac- 
tericidal action on both strains of staphylococci, while the multiplication of the 
Ijiihoid bacillus was apparently unaffected. It is to be noted that an extremely 
large inoculum was used in the above experiment. 


T.VBLE I 


Selective Bactericidm. .-Vctios of P-Bp.ojioctsx.imic Aco) (1:5000) ix Coxradi’.s MEmuii 
(pH 5.0) CoxT.iixiXG 10 Per Cext Blood 


OP.G.VXISM 

TOTAIi PLATE POUXT PEP. C,C. OF MEDIUM 
^ 

ISI.MEDL\TEI.Y AFTER 
IXOCL'LiTIOX 

S 

24 HOURS’ IXCUBATIOX 

AT 37° C. 

E. typhosa Ko, 1 

940,000 

51,000,000 

E. typhosa Ko. 2 

400,000 

34,000,000 

S. alhus Ko. 1 

21,000 

40 

S- alhus Ko. 2 

100,000 

2.3,000 


Control Medium Without P.llromocinnamic Acid 


E. typhosa Ko. 1 I 

1,060,000 

20.000,000 

E. typhosa Ko. 2 ! 

920,000 

22,000.000 

S. alhus Ko. 1 

570,000 

46,000.000 

S. alhus Ko. 2 

860,000 

64,000.000 


In order to detennine the effect of various concentrations of blood upon the 
inhibitor),- action of p-bromocimiamic acid, defibrinated rabbit's blood was added 
to Conradi’s medium in amounts vari-ing from 1 to 30 per cent. When the 
concentration of blood exceeded 15 per cent, there was a definite reduction in 
the inhibitoiw activity of p-bromoeinnamie acid, which became more pronounced 
in the higher concentrations of blood. It is difficult to estimate how much blood 
orjmuu is liberated in the usual clot culture, but for the piu-poses of experi- 


•Freslily i.=o!atc-(J •■'train? of E. It/phosa from Wood cuUurp<! woro i 

HoaUh?' Bactcriolosj-. Alan'Iana ttatrSepaUrntn 
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inojitiilioii a ('(mcoiitralioii ol' 10 j)i-r foiil lias hci-ii scli'ricfl as rcpirSfiitiiiiJ an 
avcra-rc amount ami lias hccn cmiiloyud f liroiiulioiit the cxinTiiiicnls rt'iKirUfl 
licvc. 

Wliilc a cniicoiitratioii of i ;ri()(IO ii-Iiroiiiociiinamic aoiil a|»paivii(Iy liad no in- 
liihitory ofrocl upon tin* growth of A', tjiplitisii ulnai a very larjro inoculuin was 
used (400,000 In !)40,000 pel- as shown in Taldn 1), it was (l(;(‘nn'd advisahla 
to dolcriniiio tho cfiVct of this i-onconlralion upon a small inoculum. The mini- 
her of organisms whicli siiouid he used a.s an inoeuluiii to siinuhite (he nmuher 
round in the hlood stream of a typhoid jiatient is jirohahly very small, ^liiller 
and Oriin’-' made jilate counts from hlood eullurc.sof 250 typhoid cases and fomul 
that S2.2 iK'f cent of the ••ultures contained hetween 1 and aO <ir'i:anismK per c.c. 
of hlood. Plate counts made on (he hlood of 43 ]mlien(s in the I'nivei-sity of 
^tfaryland ITosjiital showed hetwiHoi 1 and (>3 typhoiil iiacilli per e.c. of hlood; 
however, when a mnnher of honi-s infm-vencs hetween the talcinu: of the hlood and 
the lahoratory e.xarnination, such as occurs when .spe<-imens are .sent throm:li 
the mail to jmhiic healtli lahoratories. it is diflicult to predict what dc'riee of 
multiplication will tahe jdace. h'<ir expcrimenlid purposes, inocula containin': 
from 10 to 20 or^^anisms were employeil. ami this small nnmher of tyidmid 
haeilli wa.s markedly inhihiled in ('onradi's medium ad.iusted to pH '>.2 and 
eontaininfr 1 i.oOOO p-hromocinnamic acid. 

Since Sellers' had reported (he use of di'.so.xycholate hroth for the culture 
of clots from suspected cases of fyphohl fever, it was considered of interest to 
determine how this medium compared with the ]>-hromocinnamie acid medium 
deserihed above. The formula for this medium, kindly supiilied hy Harri.s.'’’ is 
as follows; pejitone. 1 per cent; Xa._.HP(),, 0.3.') |)er. cent ; .sodium desoxy- 
cholate, 0.1 ]ier cent. I'lie liydro^:en-ion concentration of tin' medium is ad- 
.iu.sted to pH 7.0 to 7.2 before autoclaving^ at 1.7 jiounds’ j)ressure for fifteen min- 
utes. Small inocula (10 to 2') oi-'ranisms) of (wo recently isolated strains of 
.staph.vlococei and E. h/plios/i were inoculated into tin* ji-hromocinnamic acid and 
the de.soxycholale media, and incubated 24 houi-s at 37° 0!. when jilate counts in 
nutrient, agar were made. The results of this ex])eriment, which M'as repeated 
several timc.s, are given in Table II. 

It is evident from the data in Table II that while p-hromocinnamie acid is 
bactericidal for .staphylococci, it is also markedly inhibitory for tyi)hoid bacilli 
when a small inoculum is enpdoyed. On the other hand, the desox.vcholate broth 
completely su])prcsscd the growtli of staphylococci while allowing considerable 
o-row'th of E. iyphosa. These data indicate clearly t'lat sodium dc.so.vycholate is a 
much more effective .sub.stance than p-hromocinnamic acid for the .selective in- 
hibitory action on staphylococci in typhoid blood cultures. 

To determine what effect variations in the })IT of the medium and con- 
centration of sodium dcsoxyeholate would have upon the selective inhibitory 
action of the dcsoxyeholate liroth, various jiortions were iirepared containing 
from 0 05 per cent to 0.3 per cent sodium desoxycliolato wifli (lie h.vdrogen-ion 
concentration of the broth ranging from pH 6.0 to S.O. T]ie.so jmrtions, con- 
tainin''’ 10 per cent defibrinated rabbit ’.s blood, were inoculated with ni)]3rox- 
iniatcly 10 staphylococci or typhoid bacilli per 5 c.c. of medium and incubated 
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twenty-four liours at t'. 1-jacli jnu’lion was llion plated in nutrient aaai' 
to determine the total nuinher of ortranisms present. The results of thi.s ex- 
periment are shown in Table Ilf. 


TAta.t: 11 


CoMPAnisox OK Tin; P.m-tkiiutu.m, Aitiox ok P-P.uoMo<TXV.\nir .\fTr> i.v Coxn.uit’s Iffrntt.'jt 
With That ok I)K.poxYeiioi..vrK. Pcotii 


M nil CM 

TOTAh I'l.ATK ror- 

1 

xr CEE r.c. OK MEi>n;:.t aktei: 24 hoces’ 

IXrni.ATIOX .AT c. 

onr.AXlSM I 

1 OEOAS'ISII 


p lirnmooinnamio ai'id 

.S', lltbU't Xo, 1 

II 

/■/. iuphosn Xo. 1 


(tu'noo') ’ 

1 .S', np.iis' Xo. 2 

0 

1 E. fijphosn Xo. 2 

1,070 

Sodium dosnxAclinlatp 

j .S', albm Xo. 1 

0 

E. typhoDa Xo. 1 

.500,000 

(]:inoo) 

1 .S, nthiift Xo. 2 

0 

E. Iiiptioan Xo. 2 

700,000 


T.mi.E HI 


EKrT.rr ok V.vr.iors CoNcEXTn.ATiox.s ok Sowkm DK,so.\'A'fnoi..'Tr. axo pH ok thf. ox 

THE GnoWTn of K. Typhoon and ,S. Alhus ix DESOXYrnoi-VTF. BnoTH 


oiir.AXiSM 

pH 

TOTAl. Ct..VTE I'oisr CEE c.r. oF JlEOirrjf .AFTEB 24 iJOVr.S’ 
l.VCFB.ATIOX .AT .^7' C. 


0.1% 

0.2% 

0.-5% ' 

S. fitliu.c 

0.0 

0 

0 

0 

0 

Xo. 1 

7.0 

0 

0 

0 

0 


8.0 

0 

0 

0 

(1 

E. typhona 

0.0 

•2'i.l00,000 

48,000,000 

2.5,000,000 

28,000,000 

Xo. 1 

7.0 

7.0,000,000 

09,000,000 

25,000,000 

71,000,000 


8.0 

11,000,000 

24,400,000 

71.000,000 

24,000,000 


‘Concentration of sodium c(e.«o.'cvchoIate. 


The data in Table III show the complete inhibition of srowth of 
staphyloeoeci Avhile E. typho.s'z grew luxuriantly. Nutrient broth control tubes 
(pH 7.0) containing 10 per cent blood inoculated at the same time and incu- 
bated in a similar manner contained 153,000,000 staphylococci and 130.000.000 
tM)hoid bacilli per e.c. of tlie culture. Thus Avhile the .sodium desox^x-holate in 
the concentrations employed in this experiment ba.s some inhibitor}' action on 
H. typkosa, it is probably insignificant so far as the practical u.sefulncss of the 
medium is concerned. While the number of ts-phoid bacilli developing in the 
various concentrations of sodium dcsoxycholatc at different pH values varied 
from 11,000,000 to 71,000,000 per e.c., there is no apparent relation.ship between 
the two variables and the number of organis-ms developing. It is believed that 
for practical purposes the deso.xj'cholate broth will exhibit adequate seleelive 
inhibitoiw action in any of the combinations of pH and in the concentration of 
sodium desoxyeholate shown in Table ITT. The fact that neither the eonr-entra 
tion of the sodium desoxyeholate nor the pll of the medium requires critical 
ad,iustment increases the practical u.scfulno.s.s of the medium 

Since it was found that the inhibitory action of p-hromocinnamic acid on 
staphylocom was nullified to a considerable extent by concentrations of 'blood 
c.xccedmg l.o per cent, it was considered of practical importance to rlr.fonr. - 
whether or not blond had a simitar effeef in the desoxyeholate medium Hefil 
ated rabbit s blood in concentrations ranging from 1 to 30 per cent w-a ■ j 
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to (losoxyclioliito hrotli fontiiiiiiiifi: 0.1 por rent .sodium dcsoxyclioljilo and ad- 
justed to jdl 7.0. Small inoetila (100 to 200 oriranisms) of K. /;/p/o/.wf and (S'. 
alhtif; wore inoculated into tlic broth containin;: various anifumts of hlood and 
ineuhated at 37° C. for twenty-four Iioui-s when plate eo\iuts in nutrient a"ar 
were made. Even in the media eonfaininc: 30 per eeiil hlood there was no re- 
duction in the inhihitory action of .sodium de.soxyelndate on staphyloeoeei, while 
in the media eontainiiifr onl.v 1 per cent hlood, there was no inhihiloiy ai'tion on 
the fri'owth of t.A'phoid ))aeilli. Tins (‘Xp(*riment indicates that variations in the 
eoneentration of hlood. within the prohahle limits found under practical con- 
ditions, do not affect the .selective inliilutory action of .sodium de.so.xychniate in 
the medium de.serihcd. 

AVIiile sodium de.so.xycholate was shown to disphi.v an effective hactericidal 
action on staphylococci in jireviously descrihed exjicriments where small inocnla 
were used, it, apjieared advisahle to determine the iidiihilory .-iction of this .snh- 
stanee afrainst a larjic inoculum, sine*' cousidc'rahle multiplication of eontaininat- 
ing staidiyloeoeei ma.v occur when the hlood specinnm is sent through the mail 
to the diagnostic lahoratorv. In order to study this prohlem, 0.1 per cent 
de.soxyeholate hroth adjusted to jdl 7.0 and containing 10 per cent hlood was 
prepared. Varying numhers of staphylococci were inoeul.'ited into fuhes con- 
taining h e.e. of the medium and ineuhated twenty-four hours at 37° C. wiien 
j)latc counts were made to determine the niimher of surviving organisms. The 
results of thi.s experiment are .shown in Table IV. 


Taui.c IV 

ACTIOX or DKS0XY('irot,.\TK Pr.'OTK Urox A'.\i:iot;s Numiiit.s or Slaphiihcoct'ux alhiix 


NTMUKU or or.<JAKIKMS IN0<'UL.\Ti:O 

INTO 5 r.c. or .AtKiUA 

.Nr.MIlKIl or OIUJANIS.MS UAm.K AfTKC 

21 noCKs ’ i.vrcn.vTin.v at .17° e. 


12.800,000 

•1.001) 


1,280,000 

.l.O.'O 


128,000 

•1.10 


12,800 

50 


1,280 

0 


128 

n 



This experiment demonstrated that .sodium de.so.xycliolate has a very ef- 
fective hactericidal action against large numhers of stai)hyloeocci; and even 
though some of these organisms do .survive over a 24-hour ])criod, the number 
of surviving organisms i.s insignificant compared to the Jiumher of typhoid 
bacilli which grow during this period under the same conditions (.see Table III). 

DI.SCU.SSIOX 

The experiments described in this report indicate that Avhile ])-hromo- 
cinnamic acid .shows a selective inhihitorv action against staphylococci when 
the concentration of the acid and the pH of the medium are properly adjusted, 
this selective activity probably cannot he utilized in a medium for tlie eullui’c 
of hlood clots because small numhci-s of t.vphoid bacilli are inhibited. On the 
other hand, a simple broth containing from 0.05 to 0.3 per cent, sodium deso.xy- 
holatc'and adjusted to pH 6.0 to S.O, shows a remarkably clear-cut bactericidal 
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nction against sta]>liylo(;oc(‘i Avidiont a significant rlegree of inhii)ition for the 
typhoid l)acilln.s. This selective activity is manifest despite wide variations in 
the amount of Ifiood present and despite an enormous inoculum of staphylococci. 
The.sc experiments suggest that a dcsoxycholate broth, similar to that desei-ibed, 
sliould ])rove very helid’ul to laboratories where difficulty is experienced in avoid- 
ing or eliminating contamination of blood clot cultures with staphylococci. 


SUMXI.VRY 

1. A study was made of the utility of p-bromocinnamic acid incorporated 
-in Conradi's medium for the pur])Osc of inhibiting the growth of contaminating 

staphylococci. Although ji-bromoeinnamic acid showed a selective inliibitory 
action against staphylococci, it also inhibited small numbers of tj^phoid bacilli 
and therefore was not considered of practical value for the culture of blood 
clots from suspected cases of typhoid fever. 

2. A simple broth containing sodium dcsoxycholate displayed an effective 
inhibitory action against staphylococci without an appreciable bacteriostatic 
effect upon the tj-phoid bacillus. The broth does not require critical adjust- 
ment of pH or concentration of sodium dcsoxycholate, and is effective in various 
concentrations of blood against large numbers of staphylococci. 
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URSHRVATlOX OF 
OK TVPR-SPKCIFIC 


COI-LOOION PARTK.'LRS AS 
I’NFA'MOCOCCIC IMMUKK 


RBAorioNS 


MAirnN P»rnt:i;it. M.Sc. 

XjAV VoUK. X. V. 


' ohjwt ()1 (liis study was (it tlio jiresi-iu’i- of tniiuite aiiimints of 

■I pncumofoceal soliiljli'-spocific siihstancos (S.S.S. ) in vitro. A sciisitivtf tnirro- 
seopie Icehiiifiue was dovolopod which was coiapai'cd witli a sli;_ditly rnodiiie'I 
nieliiod of (I'oodncr s' and willi tiic oi-iliiiary prccipilati<>ii tests. 

Ill in.I2 I' round- donionstrated that anilirax soinhie oarhoh.vdratc haiiteii 
was adsorlied by ccillodion particles; for (in addinir anllirax-iiniiiiino soriuii to 
the haptcii-sensitized particles, afrirlutiiiation resulted. 'J'iie acpliifination was 
observed best in a haiiu:in^:-droi) preparation, but tlie liters of the ron;ienls 
were not rejiorted. 

ExpcruHcntnl. — t.V/IIodion jiartieles wets* jireparerl aeeordiiifr to the method 
of Caiiiioii and Marsliall- except that double-distilled rather than trijile-distilled 
water was used, as recommended b.v l-Rsler.* The jiartieles obtained from 75 
ml. of 5 per cent acetone .stock solution, after aspiratiiijr, wasbinjT, and centri- 
fuging, wore suspended in lOt.) ml. of double-distilled water and used without 
further diluting. 

Info agglutination lubes was added 0,1)2 ml. of collodion susjionsioii followed 
by 0.1 ml. of S.fe.S, dilution. Tbe latter was made vp in jiJiysiologic .saline. 
After tliorough mixing, llie lubes were allowed to stand for from five to ten 
minutes at room temperature, then O.I ml. of aiitiseruin added. Tbe contents 
were mixed again, eaiijicd with rubber slojipers. and jilaeed in tbe refrigerator 
overiiigiit. With each test, a serum eonirol (0.(12 ml. collodion siisi)cnsion plus 
0.1 ml. antiserum) and an 8.8.8. control (0.02 ml. eolliKlion .sns])eiision plus 
0.1 ml. S.S.S. dilution) were made. Another set of tubes containing the same 
amount.s of reagents were simultaneously made uj) for the so-called “collodion- 
fixation tost" of Cloodner.' A third set without collodion j)arlicles constituted 
the ordinary i)rccipila1ion lest. 

Microscopic Technique . — A droj) of tlie eolloclioii jdus antigen (S.S.S.) plus 
antiserum suspension is jilaced on a jjlaiji gla.ss .slide. Next to it is placed a 
drop of the .serum plus collodion control and next to this, a droj) of the antigen 
jilus collodion control. Each drop is covered witli a c{)vergla.ss and examined 
under the oil immersion lens. It is do.sirable to flip each tube gently about ten 
times just before withdrawing Ibe droji of susjjcnsioii. In the mounts con- 
taining the higher concentrations of S.S.S., one secs definite amorphous masses 
containing enmeshed collodion particles. These are designated -1 jfius and 3 plus 
in Table I. A 2 plus reading signifies the presence of relatively largo clumps 
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of collodion ])avtieles williout a trace of the amorphous precipitate. A plus 
reading means that the majority of the field-s examined contain more clumps 
(small in size) and fewer single particles as compared with the controls. With 
one exceiition, all the scrum and antigen controls tiiiis far examined contained 
some small collodion clunpis and many .single j)articlcs; that is, the dispersion 
was good. The e.xccption, a concentrated liorse scrum plus collodion control, 
contained large clumj)s of ])articles and Avas similar to a 2 plus reading. 

The results of a tyjucal comparati\'c test are shoAA’ii in Table I. 

T.vni.f: I 


Titeatiox or S.S.S. Ill Ao.aix.st .v R.ahhit Tver III AxTiPXEUJtococccs Sec.cm (Uxm- 

I.CTEO) ; COMP.ARATIVE TESTS 


TL'BK 

piLCTiox or 1 
s.s.s.m 1: j 

1 

j MICROSCOPIC 
i READIXe 

MACROSCOPIC 

RE.\DIXG 

PRECIPITATIVE 

TEST -WTTHOCT 
COLEODIOX 

1 

i 5 X 10-- 

4- 

o * 

2'r 

2 

10-'-. 

4-r 

2-f-f 

-r 


3 X in-« 

4r 

X 


4 

5 X lO-c 

.3-^ 

+ 


0 

5 X 10-' 

2-^ 

- 


6 

10-e 

* i 

— 


Serum control 


— 



S.S.S. controls 

5 X 10-'< 


_ 

— 


AJ 

< 

O 

X 

- 

- 

- 


*Disc. 

tCoarse particles, not ea.silj- broken up on vigorous flipping. 


SCMM.ARY 

A microscopic method of observing collodion particle agglutination is de- 
scribed. In liigher dilutions of pneumococcus S.S.S., the method giA-es posith-e 
results, AA’hile negatiA-e results are obtained by macroscopic examination either 
of the same tests or of ordinaiy precipitation te.sts. 
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A MRTJIOD and APPATJATCS PO]} KIJKDD Fh'EEyJSG AND PAPll) 
Din ING OK PLASMA AND OTIIKR PHODKCTS FROM Till-: FROZEN 
STATE HY LOW TEMPERATFRE WATER VAPOR 
roNDENSATJON IN VACFO® 


AIax .AL S-i-rn-MiA. M.D.. axi» .Ruin- .1. .McCuaw. M.D., P,kvn :\Ia\vh, Pa. 


INTlt01»rCTl()N 

rj! ;MAN phismn tninsfusinn is now ,ir<-iu‘i-;illy a.s an iiDi.oi-lant 

liiei-aiH'iilic afri'iit in tin- trcaInK-ai of slior-k, associated willi ti-amiia, licm- 
on i.ijro. 01 iniiiis a.s well ns ol Iiypoproif-iiicniias, iiyjaijn-otlirmiihinciiiia.s, and of 
some licmon-iiafric {-(mdilions. P rose i-va lion of plasma in (Im frozi-n .stale Jia.s 
liecu roconniK'iided a.s llic .saIVst, most efticicnt. and in-aclical nielhod fat- llic 
avenifre liaspital.' 'I'Ik- ostalilisliincnl of “plasma hanks'" in u-hic-h the pla.sma is 
nimntaiiu'd ti-ozcn will allow most in.slilnlions to meet tlic routine or emei-jiency 
needs of the communities wliieli they serve in almost all inslanee.s. Tliis is true 
of (he present nathma! emeri^eney. “Banks” of frozen plasma are lieini: estab- 
lisiicd in many liosfiitafs lliroimbouf the country in view of the inereasini' dan.urcr 
of industrial accidents associated with larjre scale ]>ro(luetion and the ]>os.sn)ilily 
of enemy action within tin- Fniled Slale.s. Larpm stores of dried pla.sma are he- 
ing piep.ued tor u.se nith the Armed l-'orces beyond Die limits of Die eontinenlal 
United Sl.itcs. Conditions do e.xist. and fnriJier situations may ari.se, in wliicb 
a certain amount of dried plasma is needed for civilian use, 

^ei\ few hospitals at iire.senl an- in a position to ofi'er (ho use of dried 
plasma foi (lioii jiatients, excejit through outright jnin-ha.si- of the material. 
Thi.s situation in cncct denie.s the ])a(ienl the opportnniti- of availing him.self 
of the use ol fiiends and lelalive.s a.s volunteer donor.s. In a ]n-eviou.s publica- 
tion’" it has been pointed out tiiat thi.s dilTiculty could be overcome if a grouji 
of hospitals w'ould cooperate in the preparation of dried 2 >la.s-ma. Since the 
preservation of plasma in (he dried .state is only seldom essential in (lie ordinary 
civilian practice, a single large institution could easif\' dr\’ a .suflieient ipiantity 
to meet the need oi seveial othci.s on a cooperative nonprofit ha.si.s. Almost anv 
hospital can easily maintain its own store of frozen plasma, which would be 
supplemented by a small amount ol the dried material suipilied by the drying 
center. Under iavorablc conditions, a large institution may assume the re.sponsi- 
biliiy for supplying plasma in both frozen and dried states for neighlioring in- 
.stitutions. 

^rom tlifi Bryn JInwr llo.-fpital, Bryn Mnwr, Pa. 

Rcceivea for publication, Janiuarj- U, 1943. 

1140 



STRUMI.V AND AtC GUAW : SMKM- FRKK7JXG AND RAPID DRYING OF PLASMA 1141 


A plan of tills iialuro has lieen operating snceessfully for over eighteen 
months in the Cincinnati Cencral Hospital niuler Dr. Iloxwortii.’'’’ The .service 
supplies the needs of fourteen hospitals with a total bed capacity of 4,235. A 
state-wide plasma service is being organized by Dr. James of the University of 
Vermont IMedieal College.’’ 

The pni’iiose of this pajicr is to de.seril)o a method and an apparatus for 
the drying of plasma from the frozen state by low temperature water -vapor con- 
densation in vaeuo suited for the plan .iust mentioned. 

While the essential details of con.struetion are given, no attempt is made 
to describe the apparatus minutely. Likewise, no attempt is made to give de- 
tails of perfonnanee under all conditions of temperature, vacuum, etc., nor to 
justify many statements made eoncerning newer methods employed, saich as the 
shell fi-eezing at relatively higher temperatures, etc. 

The.se phases of the work will be covered in subsequent papers. 


A DlSCCSSIOX OF PREVIOl'S APPARATUS AXD BASIC PRIXCIPLFiS IXVOL\-UD 


Up to the present, all of the various apparatus de.scribed for the de.siceation 
of plasma from the frozen state have been either too small for practical use or 
too expensive if large enough to serve the purpose. Some apparatu-s, although 
ine.xpensive to purchase, have proved a financial burden because of the operat- 
ing expense and the need of much technical supenlsion. IMost of the.se apparatus 
have been recently criticall.v reviewed by Harkins.- 

Of all the methods in use, we feel that desiccation from the frozen state in 
the final container is preferred, because this method prondes for maximal 
preseiwation of all elements of the plasma, maximum solubility, minimal oppor- 
tunity for contamination during the proce.s.s of drj-ing, and regeneration -with 0.1 
per cent citric acid prior to use. 

It is important to note that the pH of plasma dried from the frozen .state 
and restored with di.stilled water varies from 8,2 to 9.3. The .same material re- 
generated with 0.1 per cent citric acid vill have a pH varying from 7.4 to 7.8.’’’ 

The use of low temperatures for the condensation of the Avater vapor re- 
moved from the frozen plasma is pr-eferred because it is efficient and relati-velv 
inexpensive. In the apparatus to he described here, the same .source of low 
temperature is used for both prefreezing of the plasma in .shell fonn and for 
water vapor condensation dui-ing the process of diA-ing. The .source of low 
temperatures is obtained by expansion of compre.ssed Frcon-12 gas in CA'aporator 
coils or plates. It is based on the fundamental principles employed by the earlv 
worker's in this field.’ In addition, the .succe.s.sful operation of this apparatus 
involves five important facts, which preriously had not been generally accepted 
or taken advantage of : 


1. The temperature of freezing of plasma has little or no practical effect 
within the experimental limits (minus 12 to minus 72° C.), on the qualitv of 
the final product. 

2. The temperature at which water vapor conden.sation is carried out is 
not critical. Avithin the experimental limits (minus 30° to minus 7’?'’ C ) 
vided that the rate of evaporation at any time during the operation is sufficiently 
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rapid Id avoid Ihawiim of tlu- rroz<*ii plasina. 'fids is readily aceotnpiislicd liy 
iisin,!,’- a eondoiiser possi'ssiii" a eondensiiiir sm-faee siiflicietitly laiKe and by tak- 
ing advantage of certain details tif <-oiistnietion of t!i<' eoiidensing elininlxT 
pointed out later. 

d. 'file teniperatnre of llie eoiidensing eoi! during tin* period of iiiaKiiiial 
.snhliniation may rise somewhat aliove tlie niinimnm mentioned (minus tlO® ('•) 
without adversely afi'eeting the jiroee.'is. provided that during the last few lioiirs 
of the ]n'oeess the tmnperatnre is maintained helwemi minus .’U)° and rniiiiis 
3r)° (’. or below. 

4. 'file temperature of the water .jacket heating the plasma may lie raised, 
during a [lorlion of thi' process, to relalivid.v high tmnperatures (’.) with- 
out impairment of any of the essential (pialities of tin' resulting product, but with 
considerable shortening of the time of drying as com))ared with apparatus with- 
out projier thermic control. 

5. 'file temi»erature of the plasma itself ma.v be raised to relatively liiudi 
temperaturi's to SO" ('.) without deterioration, providcl that the amount of 
moisture present is rel.-itively low. 'fids <iceurs in the last few hours of the 
process. 

'fhe demonstration of these facts has allowed the development of an ('fiicient, 
jmietieal apparatus, which will fit the lu-ogram of )>lasma ilrying mentioned 
above. The u.sc of very low temperatures (about minus TIP I'.), whii-h has been 
omiiha.sized for both prefreezing and tlrying. has been one of the main factors 
in the almost prohibitive cost of other ajiparatus. .Several tyiies of ine.speiisive 
standard refrigerating machines on the market are capable of producing constant 
lem]icratures in (he nature of minus 40° and thus allow (he construction of a 
.satisfactory a]>paratus at a low eo.s(. 

In (he construction of the ajijiaralus, the following ipraetical jioints were 
kept in mind : 

]. Tlie jiroduct obtained .should, when regenerated with solvent, be as nearly 
as po.ssilile identical with (he original material, 'fhe aiijuiratus and ju-occ.ss em- 
plo.ved, therefore, must allow no degeneration to occur during (he proce.ss ol 
dr.ving. The pla.sina obtained witli the apparatus h.cre de.scribed in all wa.vs 
complies witli the regulations set forth by the Xatioual Institute of Ifealth. 

2. The apparatus must be .so designed and the ojieration so controlled a.s to 
be constant, Ihu.s insuring a uniform jiroduel. It must be remembered that dr.v- 
ing from the frozen state ma.v be achieved in a great mau.v wa.vs and with much 
simpler apparatus. However, mechanical controls of temperature, recording 
devices for temperature and pre.s.sure, and otlier refinements of construction 
play an important role in insuring a uniformly good product. 

3 , The apparatus must be .simjdc and economical in its oiieration, ,as much 
•IS po.ssiblc automatic, so as to need a minimum of sujiervision once under wa.v. 
It should provide facilities for shell freezing as well as for drying. 'J’o achieve 
simplicity and economy of operation, the ap])aratus, paradoxicall.v, has to be 
relatively expensive and complicated. 

It has been pointed out that drving from the frozen state ma.v be achieved 
-ith a simple and inexpensive apparatus.^ Such an apparatus, however, has a 
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limited cajmeity. reiiuires nmcli locliiiieiil supervision, and is higli in operatin.'r 
cost. The a])]iaratiis to ho de.serihod liore was so designed as to have a capacity 
large enough for the ncc<l of several hospitals. It recpiiros very little attention 
during the operation, and the ojierafing expen.se is negligible. 

Thus the standard aiijiaratus here descrilied freezes and dnes 24 units of 
eit rated plasma of 300 c.e. each daily (7.2 liters), or 8.760 yearly (2,628 liter's). 
The total cast of electric energy for shell freezing and drying is well under ir.02 
per unit, or less than .'1:176.00 yearly. For the .same operation, if carbon dioxide 
ice is employed, the yearly cost of refrigeration rvould be about $3,006.00, or 
considerably more than the entire cost of purchase of the apparatus.* 

In order to evaluate properly the con.struetion and pei'formanee of this 
apparatus, it is necessar.v to review the general basic ))rinciples of drying biologic 
substances. The Bordas and d’Ansonval apparatus,"*’ as reconstructed by us, 
demonstrates these basic jirinciples in a simple form (Fig. 1). It con.s-ists of 
two glass flasks connected b.v a T-tube. fine fia.sk (A) contains a thin layer of 
material to be dried. The other flask (B) is the condenser. The T*tube is con- 
nected to a vacuum jnuui) by means of a rubber tube (C). which may be closed 
by a stout pinch clam]). The gla.ss tube connecting the two fla.sks mu.st be of 
sufficient size to allow free jiassage of water vapor from A to B. Flask A is im- 
memed in water kept at plus 16° C., and Fla.sk B, acting as condenser, is cooled 
by immei'sion in carbon dioxide ice-alcohol mixture, maintaining a temperature 
of about minus 70° C. 

Containers A and B are stout-walled Erlenmeyer flasks of about 500 c.e. 
capacity. Under these conditions, when 30 c.c. of pla.sma are introduced in 
Flask A. “snap” freezing, from the heat loss due to rapid evaporation, occurs 
in about Rve minutes after starting of the A'aeuum pump; thereafter, drying 
proceeds by sublimation of water from the frozen .state. The water vapor is 
condensed on the cold walls of Fla.sk B as fa.st as it is foraied; thus it is not 
allowed to mix with the oil of the pump, Avhich would rapidly reduce the effi- 
ciency of the pump. The dried pla.sma thus obtained appears in the fonn of 
irregular scales, has a residual moi.sture of le.ss than 1 per cent, and is readilv 
soluble. 


Practically all of the various types of apparatus in general u.se for dn-injr 
under a A’aeuum are based upon A’ariations in the method of condensing the 
water vapor. 


In the original appai-atus used by Bordas and d'Arsonval, lirpiid air or car- 
bon dioxide snoA\--acetone Avas used as refrigerating agent. 

Vansteenbevghe’" used sulfuric acid to absorb the water vapor instead of 
low temperature -, ReiclieF’ and Flosdorf and iludd'’' used an apparatus similar 
to that of Bordas and d'Arsonval and CO, ice as the refrigerating agent for the 
“lyophile'’ process; later Flosdorf and .3Iudd' retunied to the use of a chemical 
dehydrating agent and employed calcium .sulfate in their “cryoohem process 
Hill and Pfeiffer'^ used silica gel in their “adteA’ae" proce.s,s. ’ 

ElseP-' was the first to report the use of coils refrigerated bv the expansion 
of com pressed Freon-12 gas for condensation of Avater vapor. In actual ope • 


•Tlie co?t of CO: icc* W eonjputfd at $.yS per poimt] thf* 
rurchnsetl in larfjc quaniilii ?. The amoiml of <lr\* ice 
'‘Vith a similar ainaraUis.’= “ * ^ 


lo-ivt.-st prtvailiDK 
oa.ced upon our 


Prico when 
'ixperifcnce 
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(ioii, iiiiiuis ;}4° {', lo iiiiiuis ('. \vi*rc tlic inwisl f<‘iiip('riitiirc.s .'!lt;iiiu‘<l. Kiser 
pointed out that tin* loss in etHieieney from the eliaiiire of the eondenser lemiiera- 
tnro li'oin iiiimis 70” ('. to niiiuis .‘{2° ('. was relatively .slifrlit, ronrhly a ])erci‘iit. 

I'lie failure of the nieeliaiiieal refrigeration systtsii of I'dser has generally 
been laid to the too small differential in temperature hidwt'en the suhsluiiee 
heinp: dried ami the eondensini: surfaee. This is not l•on(irmed hy onr timliiiL's. 
since satistaetoiy dryintr with a ivsiilnal moisinri* of less than 1 pin* cent lias 
been obtained with a maximal differential lemperatun' of only (in” 

^\ 0 have already jminted mit that the tempei’atiire of prefreezin" is' not 
eritieal within the experimental limits (minns 12” to minus 72' ^Vitll 
the a]ii)aratns here deseribed. prefree/.inir and diyiinr art' carried tmt at miteli 
higher, and therelore mneh more eonv<*nient and eeonomieal, temperatures than 
generally emidoyed without essential hiss of ipmlity of the material heinu dried. 


VP 



A-Reaptacle containing material to be dried 
C spread in a thin layer ) 

B" Receptacle acting as condenser. 

C“ Connection to vacuum pump. 

Fifr. 1. Uor<laf< and d Ar.s'onval Ai»i>nr;ilur* for tho drylnt; (>f oaslly aK<'r:iMo 

Greaves and Adair* likewi.se tonnd tliat the lowerin'; of tiie condenser 
temperatures lowers the tern jiei-at ores of the frozen material beini; dried to a 
very slight extent only. They sueee.sstully emiiloyed as refrigerating agent 
methyl chloride, and obtained temperatures of minus 52° C. to minus 42° C. 

Greaves and Adair stale that with temperatures of minns 45° C., the per- 
centage of water remaining at the end of desiccation is much Ic.ss than when 
higher temperatures are enpiloyed. We have found that with the water .iaelcet 
of the drying chamber at plus 3;)° C. to plus 36° C. and temperatures of con- 
densation of minus 30° C. to minus 35° C., tlie residual moisture of the i-esult- 
ing material is constantly less than 1 per cent. 

The method employed for the determination of the residual moisture is that 
described by the National Institute of Health, i.c., drying of the material in 
high vacuum over phosphorus pentoxide to constant weight. 
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Tlic great aflvantages in the eniploynicnt of relatively high temperatures of 
water vapor condensation are, essentially, simplicity of operation and economy, 
since the heat neutralizing capacity of a compressor falls rapidly ivith the low- 
ering of the temperature of condensation. 

There are two methods of drying'- under vacuum which do not employ a 
condenser. One of these, the “desivac’* machine,’" allows the water vapor to 
enter the vacuum pump and eonstantly removes the water from the oil by means 
of a high .speed centrifuge. Tlie high cost of this apparatus and the relatively 
long drying time make its operation uneconomical. Another method produces a 
vacuum by means of multiple steam .lets, in which case the water vapor escapes 
with the .steam, thus eliminating the need for a condenser. This method is par- 
ticularly suited to large quantity production on a commercial scale.” 

With the possible exeeption of the method of Greaves and Adair, all of the 
above-mentioned methods require large and expensive apparatus to dry enough 
plasma to consider the process practical. In addition, the use of chemical de.sie- 
cants requires i-edrying of the desiccant each time it is used, an operating en- 
tailing per se con.siderable time and expense. 

An apparatus for the drying of pla.sma from the frozen state by low tem- 
perature water vapor condensation in vacuo. pre\iously described by us,’- was 
based on the principles laid dowm by Bordas and d’Ai-sonval and on the work 
of Shackell,®’’ Harris,’' and Rogers.’® In the con.struction of the di-A-ing chamber, 
advantage was taken for proper heat di.stribution to the material being dried of 
copper split cylinders or shells enveloping each bottle. These shells, properly 
fastened together, formed also a de-sii-able method of handling the bottles during 
the loading of the drying chamber, making the operation easy and rapid. In 
the construction of the condenser, we took advantage of details of construction 
pointed out by Reichel’ and by Flosdoi-f and Mudd.® This condenser was ex- 
ternally cooled by the use of alcohol-carbon dioxide ice mixture. 

Routine use of this apparatus pointed out that while the drj-ing chamber 
proved fairly satisfactoiy, the condenser was rather crude in design and ex- 
pensive in operation, particularly because of the cost of carbon dioxide ice and 
the necessity for almost continuous supervision. The presence of a secondarv 
condenser made the apparatus difficult to handle and proper insulation an almost 
impossible task with the result that much of the low temperature produced bv 
the carbon dioxide ice was wasted. The time of diwing was three days or more. 

An attempt wa.s made to eliminate the u.so of drj- ice by eoobng the con- 
denser by the use of a low temperature, two-.stage (cascade) compre.ssor usin" 
Preon-12 (or propane) and ethane as refrigei-ants and of a circulating brine 
system giring a condensing temperature of about minus 60° C. This apparatus 
proved too bulkv', expensive, and unreliable in performance.® 

Our early choice of low temperatures, in the neighborhood of minus 60° C 
to minus 70° C. for the operation of this condenser as well as for the prefreezin" 
of the plasma, was .suggested hy the generally held idea that such low tempera' 
tures wore essential for the proper prc.seiwation of the product a.s well as for the 
proper functioning of the apparatus.’* 


•Better compressors are built today, 

vantage by the use of lower temperatures to offset 
nance. 
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nKHcitii’TioN or Ni;\v ai'i-aicatcs 

The eonstnu'lion of a eoii'leiisc'r willi ri'friueralod coils williiii the eendeiistr 
chiiiii])or was next attempted, foils within the eondeii.ser are more efiieient he- 
eausc of the excellent insnlatimi proviiled hy the lii;,di vaeniini. This euiulonser 
was and is liein^r used with a dryintr ehatiiher sitnilar to the one ])revioii.sly do- 
scril)ed. 

The .standard ap|iaratiis de.seraiieil h(*re is capable of dryiny. in less tlinii 
twenty-four hours, twenty-four lots of plasma each eo)\taurni'‘ dbb e.e. in a 400 
e.e. container. Thus the eai)acily is 7,200 e.e. in twenly-fonr hours. The re.sidnnl 
moisture of plasma dried in this ai>paratus is consistently w(dl below 1 per eent 
of the wciyht of the reniaininy material, assiiriny ,'ide(|uate pre.servntioii and 
rai)id solution wlien the plasma is restoreil with solvent.** 

It is to be note<1 that the time of dryiny depemls upon several faeloi-s. 'Hip 
most im})orfant are as follows: 

1. 'I’he thickness of tin* shell of the fi-o/.eii material. A thinner -shell dries 
much more ra]>idly than a thi<-k one. 

2. The amount of heat apjdied to the frozen material iji the proee.ss of diy- 
iny. The more heat ap])lied. the more ra])iil is tht' ju-oee.ss. Det.'iils of the ap- 
jdication of heat will be elaboratcsl upon separately. 

3. The diameter of the neck of the bottle. The liiryei- the openiny, the 
more rapid the process withiji certain limits. 

4. The type of ])roleetion u.sed to maintain sterilit.v. In our method .steril- 
ity is adequately maintained by eoveriny the individual boltle.s with a larye euff 
made from two layers of 40-me.sh yauze. This ofi’ei-s some re.sistanee t<i the flow 
of Witter vaixtr and, therefore, lenythens the time reipiired for diyiny. It is 
felt, however, thiit this is ;i de.siriible preejiution iiyainsl contamination. 

The complete aiij)ar;ttus de.seribed here is used for prefreeziny (shell freez- 
ing) the plasma and for drying the pla.sma from the frozen slate. It eonsi.sis of 
four main parts: (1) a mecdiiuiical .shelling iijtparatus. (2) a drying chamber 
with a water .t'acket, (3) a condenser with Ji meehiinically refrigerated coil, and 
(4) a vacuum pump. 

3. ShdliiKj Appiiralus (Pig. 2). — This consists of ;in insulated metal pan, 
containing the cooling coils and the apparatus for rotating the bottles contain- 
ing the plasma. 

The cooling coil is foimcd of a series of straight cojiper tubes. The two 
center tubes arc shorter to make room for a ju-opi'lle)' which circulates the cold 
alcohol. A plate type evaporator of suitable ca])acity may be u.sed instead of 
coils. The shelling pan is connected wilii a ro.servoir for the alcohol. Before 
use alcohol is pumped into the .shelling pan. At the end of the process, the 
■ilcohol is rctui'ned to the reservoir by gravity. The shelling pan contains a 
'mechanical device, capable of turning twelve boltk\s at the rate of one-half to 

rotation per minute. The arrangement of the rotating wheels is so that the 
bottles will he immersed in the cooled alcohol about 32 mm. 

^ hero tlescribotl Is constnictotl by the Precision Scientific Coin- 

♦The stiintlaru uppaicuub 
pany of Cliicai^o, 
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2. Dri/infi Clinmhrr (Kiir. 3). — The dryinir eliambcr consi.s(.s of a hea^^- 
brass cylinder (22.0 eiii. in diameter and 70 cm. bi.^b) .surrounded by a ■water 
.I’ackct. It is closed on top by a heavy steel lid, which rests on a rubber ga.sket. 
Tlie lid may be tightened by threaded lugs and M'ing nut.s. The opening for the 
connection with the condenser is in the middle of the base of the drying chamber. 
This location constitutes an e.s.sential feature of the ap])aratu.s. It Ls flush Avith 
the ba.se it.self and is b cm. (2 inches) in diameter. The connection Avith the con- 
den.scr is made I)y a short coj)per i)ii>e, 5 cm. (2 inches) in diameter. 



E, 


Fig. 2 . — .-Apparatus for shell freezing «ith circulator for refrigerated alcoho 
. A, -100 c.c. bottle; B, rubber stopper; C, rubber-tired roller.= ; X) refrigerated 
insulated metal pan; E, evaporator coils; G, circulator; ff, baffle board. 


(schematic), 
alcohol level ; 


The drA-ing chamber is surrounded by a Avater .jacket formed by a cylinder 
of rastproof metal fixed to the flange of the inner chamber. The Avater jacket 
IS 30 cm. (12 inches) in diameter and 90 cm. (36 inches) overall in lemrth. It 
IS proA'ided Avith an electrical heater, fitted to the bottom and capable of main- 
taining the Avater at any desired temperature up to 80= 0. This heater is con- 
trolled by a thenno.stat and relay. The temperature may be adjirsted bv settiim' 
the thei-mostat. The Avater bath is connected by pipes to sources of 'hot and 
cold AA'ater. 


The dry chamber is fined with four copper ba.skets. Each basket is com- 
posed of an outer split cylinder of 24 oz. copper approximatelv 22 5 cm in di 
ameter (9 inches) and 20 cm. in height (7% inches). The lower border is turned 
m 12 mm. ( i, incli ) . This st rengthens tiie cylinder and holds the plasma bottles 
>n place. This large cylinder contains a series of six smaller .split Conner 
cylinders welded to the inner surface. The.sc are ll.S cm. high (I-al inche^A 
and are of the proper diameter to grip the plasma bottle timuh- Tim h li 
IS completed by a tvansvei-se bar and springs, which maintain piuper e.xpansion 
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of tlip oulrr cyliiKlcr. iukI hy :i .scrips of copper wedfres, wliicli iissist in iiitTOJi.s- 
ing lipfit poiulution ns m-pII ns llip conlncl of (Iip c<)pi)rr .slidls wilh Hip iidtllc.s. 

A roporditig tliprnuuiiptpr is provided lo dctpriidiip Hip l(“nipprnlnre of one 
of the popper shells of llii' lowi'r hnskel. It hiis ii range from iiiimi.s !(l° to plus 
80° C. Tlic Inilh of Hie Hiermomeler is fixed lo tlip hottoiii of Hie dr.ving ehniiihcr 
nnd is in direct eoninet willi two of tlie copper cylinders. Its rending is nficdcd 
hy the temperature of Hie hotth' of plasma in Hie copper cylinders. A dial ther- 
mometer shows the temperature of the water hath. When the temperature .shown 
hy lhc.se two thermometers remains within 42° for two hours nr more, the 
plasma may he considered dry. 



Flp. 3. — ^jVpiiaratu.s for drslns of pla.sriia (.seiiiLsclicinatlc), 

/jV, Inlet of evaporator; OUT, o"*’"'* • oil’, wall of coml('ii.--cr eliamber: 

G l-GZ-CS, portion.** of the evapor.ator ( ' ■ r, Jnlet for water vapor; F, fnnnrl- 

llke openInK conve.vInR water v;ipor.<i f: ■ (Ien.‘-’i;r cliainbor to the colrte.-st pop 

tion of the evapomtor coil. CZ ; II, ha.ve of the eonilenwr chamher; G, vacuum sauRe; AF, air 
niter' AI, air Inlet valve; V, vacuum line; VI’, vacuum luiinp ; II, T'lO 'Watt hentor; U’/i, 
water hatli : VC, UryinR elianiher; FI, plasma; .S', .shield of conilenser; T, bulb of recordhiR 
thermometer. 


One of Iho difficulties in tlie drying of jilasma from the frozen state is the 
proper ap]ilication of heat to the frozen pla.sma to eounterael. the cooling effect 
of rapid evaporation. If no heal i.s applied, the process will require several dny.s, 
while properly controned heating reduces the time to le.s.s titan twenty-four 
hours. Heat from the water hatlt around the drying chamher i.s eonducted to 
the plasma vciy satisfactorilj" h.v means of the eojijicr ha.skots just described. 

3 Condenser (Fig. 3). — In the construct ion of the condenser there arc two 
essential features : 
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1. The large water vapor inlet is loeatctl in the lowest part of the con- 
densing eliainher. 

2. The refrigerated eoils are so arranged that by means of properly placed 
cylindrical sluelds, the water vai)oi- is made to travel a long distance and come 
in contact with a large condensing surface. The last portion of the coil Avith 
which the vapor comes in contact is the coldc.sl. This assures condensation of all 
of tlie water vapor and jircvents any water from mixing Avith the oil of the 
vacuum pump. 

The AA’ater vapor enters the condenser from tlie bottom. This is very im- 
portant, because it allows sloAver diffusion of the AA-ater A'apor and alloAA's max- 
imal condensation on the first .set of coils Avith Aviiieh the A'apor comes in con- 
tact. Under ordinary conditions, the greatest portion of the A’apor is condensed 
on Coil Cl. Some vapor escapes Coil Cl and reaches Coil C2. Here the A'apor 
travels through a rather narroAv space betAveen the Avail of the condenser and 
the cylindrical copper shield S placed inside of Coil C2. If a trace of water 
vapor escapes Coil C2, it must travel through a narroAV funnellike tube (F) 
to reach Coil C3 which is enclosed in a copper box. The vacuum pump is con- 
nected to the condenser by means of an opening in the top of this box. The 
great bulk of the Avater vapor is condensed on Coil Cl, a smaller amount on 
Coil C2, and only a trace on Coil C3 (Fig. 4). No Avater escapes to the A’acunm 
pump. This has been determined by placing a copper U-tube 5 cm. in diameter 
in the A’aeuum line V during experimental runs. The U-tnbe AA'as imnrersed in 
a bath of carbon dioxide ice and alcohol maintaining a temperature of minus 
10° C. to minus 72° C. At the end of the nms no ice was found in the U-tube. 

A Servel P-12, four-cylinder, % h.p, compressor Avith dehydrator and oil 
separator is A’ery satisfactory for coolmg the coils in the shelling pan and in the 
condenser. The shelling pan and the condenser may be cooled simultaneouslv 
or indh-idually. The P-12 gas should be pumped out of the coils before heat 
is applied in the condenser to melt the ice at the end of each run. The coils in 
the condenser Avill be maintained from minus 35° C. to minus 40° C. Avithout a 
load, and fi-om minus 30° C. to minus 35° C. while the drA-ing is being ac- 
complished. Occasionally during the period of maximal condensation, the tem- 
perature may be a little higher. 

The condenser chamber itself is made of copper sufficiently strong to with- 
stand a high vacuvmi. The total length of the refrigerated coil is 13 m. (44 feet) 
and the inner diameter 1.56 mm. (% inch). A dial thermometer shoAvs the tem- 
perature of the “In” coil of the condenser. This greatly assists in checking 
proper operation of the refrigerating compressor. An electric heater is provided 
in the condenser to melt the ice from the eoils rapidly at the end of each diwin<^ 
run. The melted ice is then drained from the condenser through the opening 
in the bottom. "" ^ “ 


The copper box (S of Fig. 3) is so constructed that tlie ice formed on Coil 
U3 will dram out once it is melted. This is accomplished bv means of a self 
sealing A'alve surrounding the ‘•In’’ coil as it entere the bo.x. The A’alv ‘ 
of a short, length of copper tube insulated from the rest of the box and 
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imatcly 2 iniii. lar":cr in iliaiiu'lri' titan tlif ivfri.ticratcd roil passinir tiiroii"h it. 
When (lie dryin'^ inocess is initiated, \val<‘r vjipoi- very sunn freezes aruiiiid the 
refrigeriited coil itjissing tliron!.di tlie valve, and so seals it. When the iee is 
jnolted, (he valve is oiuai ttnd allows water from Coil Cd to drain from the eon- 
denser. 



Fig-. — Ice formation on tlie comlcnslng coll aflL-r n .stfimlaiil rim (aliout TL'OO c.c. ) 

4. Vficin/m Pimp ami Gtnujc - -I'ho large Weleh Diio-Seal or the Ceneo- 
j\regavae, with ^^-P- H'ntor luis proved adetjinite. The jniini) nui.st have a 
capacity sufficient to ev.-icuate the system to a ])ressuro of less tiuin 2000 microns 
in ten minutes and 500 microns in less than fifleeu minutes with the temperature 
of the condensing coils at minus 30° 0. to minus 40° C. 

A Pirani type vacuum gauge, such as the d'ruvac (Jauge, iModel 12, is satis- 
factoiy. It should he graduated from 2500 microns to 0 microns. A jracLeod 
type mcreurv gauge is also satisfactory. It is desirable to have, in addition, a 
roue-li dial type vacuum gauge, reading from atmospheric pi'cssure to zero, to 
he able at a glance to watch the initial rate of evacuation of the system when 
drvin" run is being started. This a.seertains, in the first minute or so, that all 
Ltlets have been properly closed. 




Fig. 5. — Standard shell freezing and drj'ing apparatus. In the rear can be seen the shell- 
ing pan ; in the right anterior corner the drj'ing chamber, and in the middle front the panel 


MECHANICAL SHELL FREEZING AT JIINUS 20° C. TO MINUS 35° C. 

We had previously found that the choice of low temperature.s in the neio’h- 
horhood of minus 60° C. to minus 70° C. for rapid prefreezing of plasma does 
not offer any practical advantage. A mechanical apparatus which gave good 
iTsults’=‘ was developed for shell freezing at minus 40° C. It was found how- 
ever, that shell freezing at temperatur&s higher than minu,s 40° C. was not pos- 
sible with continuous rotation, because plasma would become supercooled at 
minus 6° C. to minus 12° C., and ivould then “snap” freeze, with slushintr and 
lonnation of an irregular shell, with large lumps which greatlv interfered with 
diying later on. 


In attempting to shell freeze plasma at temperatures between minu.s ^0° c 
and minus 35° C., it was noted that if early initial local freezing oeeurred in con 
tact witli the inner .surface of the bottle, shell freezing continued thereafter 
without lumping. It appeared necessary in the course of e.xperimental work 
to produce a relatively rapid cooling of pla.sma to about plus 10° C from 
temperature followed by local freezing, to avoid supercooling of the entire 
and slushing following “snap" freezing. This is accomplished with the fol- 
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lowiiiq- lechiiiqiio ; Tlu* pl;is)n;i Ixitllc is i-oljifcd .sliiwly (yu to ] r.p.tn.) with 
12 iiiin. imiiiiMNion in olcoliol cooled to niimis ('. to tiiiims 2.’)° t,’. for ;i 
Itcriod sufliciciitly hoijr to hi-iinr tlic fcnipt'rjittii'c dou'ti to iiitoni j)!tis 10° The 
loii'rth ol time i'c(iuircd for this opcrntioii ih-)»ciid.s cliii-tly on: (ti) llic tcinjioni- 
lure of plasiiui. and (i)) the tcinjieralure of the hriiic. It varies from tlireclo 
ten luiniites. With plasma at j>lus '2:^^ (\ and the brine at niimis :i0° ahmit 
ten minutes art' suflieient. After the peritid of eotiline;, tin' rotation is slopped 
lono enouprh to cause the lower portion of tin* plasnm to ‘'snap” freeze to a 
dt'ptli ol about .‘1 to -1 mm. 'I’his re(|uires two to fo\ir minute.s. The pheiioineneti 
is, as a rule, clearly visibh'. It is im()orlant l<i remember that diiriii" tiiis period 
of time, the bottle of plasma must not be disturl<e<l. and that the de])th of ini- 
mci'sion of the bottle in tln' cooled alcohol must he 10 to 12 mm. oidy. tJeea- 
sionally, and lor no ;ip])arent re;ison, one liollle mav take considerably Ionizer to 
show initial "snap ' fi'ceziny;. It must not be <lislurbcd until "snap” frceziiiiz 
has occurred. It is desirahh' to obtain ji lem])cralurc of minus 0.a° oi' a little 
lower before i)lacin'z the bottles in the shelliniz j)an. 

When the local "snap” freezintr has oceui-rcd in all of the botlle.s. the ro- 
(ating motion is ri'sumed. and shell freeziim occurs ;il a regular rale and very 
evenly. A\ith a temi)er;iture varyinir between minus O.')® and minus 2o° C'., 
it reijuires one hour and filteen minuti's to om* hour and twc'nty-fivc Jiiinules for 
complete shell freeziniz of 200 c.c. of plasma. The ipialily of the material thus 
frozen is jiractically idc'nticjil with that olUaini'd from sh*‘ll freezing at minus 
70° C. The material thus ohtaine<l is is'adiiy rt'coiznizcd Jis it shows a lonizi- 
ludinal portion of microcrystalline, homofzeneous aK|ie<'t. liirhtcr in cedor, and 
about 4 to .’) cm. wide and 2 to 4 mm. thick. 'I’he n'lnaininir jiorlion .shows a 
nmcrocry.stallinc structure. This asix-ct is clearly retained after dryinir from 
the frozen state (h'ip:. G). 

When the plasma is shelled, the bottles are j»Iaced in a stor.'ifze cabinet at 
minus 20° C. to minus 30° to cool. It lakes .-ihout four hours for the frozen 
material to cool from about 0° (’. (o minus 20° ('. The pl.-isma thus shelled can 
remain in cold slorap-e for a?i indefinite period of lime.'" 

About one hour before initiafinii the drying jn'oeess, the coppor bji.sket.s are 
placed in the low temperature cabinet to cool. At the same time, the bottles of 
shell-frozen plasma are removed, one by otic, from the stor.-iyc cabinet and, under 
aseptic precautions, the rubber .slop|)crs are rejilaced by larfze sterile paiize 
cuffs formed ol two layci's ol 40-mesh izauze. The bottles are now placed in 
the copper ba.skets, ajid allowed to cool for about one-bid f houi' at minus 20° C. to 
minus 30° C. 

TESTING AND OPERATION OF THE APPARATUS 

Before each run the aiiparatus should be tested to be sure it will produce 
a satisfactory vacuum and low temjieraturo. The dryinj>' chamber and the inlet 
valve are closed, and the compressor is started and allowed to run until the ther- 
mometer on the condensing coil registens minus 30° C. or less. The vacuum 
pump may then be .started and a vacuum of .GOO microns (Truvac gauge) or less 
must be obtained in fifteen minutes or less. If this is accomplished, the viicuum 
pump is shut down, the vacuum is released, and the drying chamber opened. 
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TIic copper baskets conlainin" the siiell-frozcn plasma arc rapidly placed in the 
chamber, the lid is closed, and the vacunm pump started. This operation can 
readily be accomplished in about two minutes. A pre.ssure of .500 micron.s or 
lc.ss should be attained in fifteen minutes or le.ss to avoid danger of thawing. 
The water in the water .iacket of the drying chamber mu.st be cool, not over 25° C. 



Fip. 6. — Bottle of dried plasma showing on the left homogeneous aspect corresponding to 
the portion of plasma “snap” frozen, and on the right the gross crj'stalline structure prevailing 
m the remaining portion. 

The operation is allowed to proceed for one hour. The heater of the water 
.Iacket is then turned on with the thermo.stat set at plus 50° C. Drjing is al- 
lowed to proceed until the thermometer recording the temperature of the pla.sma 
has been for two hour.s or more within two degrees of the temperature of the 
water in the water jacket. The vacuum pump is then stopped, and filtered air 
is allowed to enter slowly through the inlet valve. This air passes throuirh the 
condenser before it enters the drying chamber and thus is dried. The opening 
of the inlet valve is covered with 40 to 50 layei-s of gauze to effect a good filtra- 
tion of air, sufficient per se to minimize danger of contamination. The air 
should be allowed to enter slowly, taking about five minutes for the entire op- 
eration. The copper baskets are removed one at a time, and the bottles promptlv 
sloppered.’^ The bottles are then evacuated, and the loibber .stoppers are covered 
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witli jrcl (‘.'ijiK. 'I'liis iiicilidd oi‘ closun* is siiflificiit for prcscrvnliuii up (<> flnw 
yoai’s. If tlio pivscrvat iiiii is to lit> for loii'ii'i- prriorls of lime, flic iiinlcrinl is 
vacmun-sealiHl in tin fans,'* 

The timo of i!ryin>,' wilh a fonliinions Ifiiipfraliiri* of of)" ft. in the svatfr 
.iafkft i.s loss Ilian fiuditffn lionr.s. Wlioii it is dfsirahlo to ri'diiff lla* (iryiii" 
time, tlio I fin para In IT of Ilia Avalm* jaakat may Iia iiian-asi'd up to f’. far a 
period of lima. 

Tlio ili'iad plasma olilainad with tlia ai»paratns and tafliniijna onflinnl 
aliovc is a lid])!, imrons malarial, udlli a distinal cryslallina siniatiira. and a 
volume sli.irlilly lo.ss liian that oaaupiail hy Ilia fror.an (dasma. It may lie readily 
rednaed lo a flnfiy fimvdar liy sliakinir, in wliieli ease il offii|iia,s alioiit one-tliird 
of Ilia orifiinal vohmia. Tlia powiler lliiis olilainad is readily Iraiisfarrad (o aii- 
otlicr rcacpiaela for purpose of residual nioislnra datarminalion or of aoiiiliiiiiair 
the eontonl of two or more lioKlas. Tlia aolor of Ilia dried pla.sma is li!,dil aniliar, 
when the oriirina! liipiiil idasnia had a liamoirlohin aoiilaiil of lass than o 1112. H 
i.s very soluble in walar. AVhen .solvanl is inirodnaad hy vaauum siielion. dried 
pla.sma aoiilainin,!' 17,0 li'm. of pla.sma jirolains (the eipiivalerd of ahmil .'Ihll r.a. 
of fre.sh eilralad plasma) di.s.soIves entirely in 2o0 e.e. of distilled water or 0.1 
pci' cent eitrie a<dd .solution in la,ss than one minute, ineludintc the time eoiisiuned 
by the inlrodiielion of the solvanl. 

The result in'! fluid is stable al room tamperal ure fm- nl leas! .several da.vs; 
il has a maximal eonlanl of eomplemanl. and a maximal eoiitent of iirolhroinhin 
if rcfienaraled wilh 0.1 par eeni eilrie aeid .solulion.'’ The ii.sa intravimou.sl.v of 
properly prepared malarial eau.ses no untoward reactions, .save an oeeasioiial 
(le.ss than 1 jiereeiil) urliearial reaelion. 

The .size of the apiiaralus here de.serihed i.s eoiisidered best for the pur{)o,so 
intended, namel.v, for lariro hospitals to dry plasma for their own use and for 
ncifrhborinir institutions, lloth .smaller (1S00 e.e. daily eaiiaeity) and larirer 
(21,600 e.e. dail.v eaiiaeity) units have been sueee.ssfully operated, however, 
■\Vhen larfier units for eommereial operation are built, it is desirable to institute 
automalie tcmjierature eonirol, for miniinum dryinir lime wilh the lea.st leehnieal 
supervision, by the installation of a eam-lyfie eombiiiation thermorefiidafor and 
recordinc; apparatus, sueh as the one furnished by the Foxboro Company. jras.s. 

In addition to human pla.sma, .serum, jruinea jiifi eomplement, baeterial cul- 
tures, milk, many fruit .iuiee.s, eulture media, and even meals and other 
products have been dried with the machine here de.serihed with excellent lU'C.scr- 
vation of all e.ssential projierties inchidin<>: flavor and vitamin content. 

The advantages of the ajiparalus here de.scribcd over other a]>paralus are: 

1. Both prefreezing in shell form and dr.ving from the frozen state are ac- 
complished by employing the same economical source of low temperature. 

2 The apparatus is very simjde in operation and almost entirely automalie. 

3 It yicbls conslantl.v a jiroduct in every way s:ilisfying the retpiiremcnls 
set forth liy the National Institute of Health. 

4 The time of dr.ving i.s considerably .shorter than that obtained with other 

methods. 

5. The total cost of operation per unit is very .small. 
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A AM'AV FIIIKIXOIA'TK' .Mi:Tllr)|) KOIJ TllK ASSAY OF IMJUTKASKS 
AXn ITS AIMM.K'ATIOX TO AX AXAIA'SIS OF ( '()A( JFliATIOX 
J‘JIFXo.Mi:XA IX IFMilUT I’.I.OOD^^ 


•lotix II, M.l).. Ann Al!i!ii!!. 


S lXX'l’j F'.T), tins I;il)()i"ifory lias lua-ii otiiili’ilmfiiiir oviilinicc for a now tlicoi'y' 
oi l>l(i(i(l-cl(if (iiiir, I)iiso<I II (Mill (lie (IfHiiiiiinif roll' itl’ .<criini-lry[)tasi‘. a pi’i'" 
U'olylic oiizyiiio, loii" r<‘('oyi)i;/ciI )iy liiiiciii-niisis ( 0])|)i‘ii!i<‘iiiu*r-). ICvaii in 
complete absence of formed (‘lements, (Ids plasma eiir.yme normail.v i>erforjiis 
actions wliicli wo are abb' to dujilicate witli rr.i/s/ol/i’nr (panci'catic) tiypsin. 
in vitro. '1 liese actions are (1) tiii'oinbopiaslic conversion of [irolbronibin to 
tlirombin"’’ " (wliciici' iIh' desi;ination ‘‘(liromlioplastic cnKymc”0, (’21 diiic'^tion 
of protlirombiir' ami tlirombiiF (wlicm-e flic term “progressive” aiditlwoinbin 
to (list inc'iiisb tiie latti'r from “immediate.” iieiilralizinir and revei'sible' 
inhibition of tlirombin, for ox.ample by liepai-in and its albumin-fraction ‘‘co- 
factor’’), (d) lysis of tibrinom'ti and librin" (whence (lie lenn “libriiiolysin” 
is snperlhious). ('lot retraction is probably just the initial phase of tryptic 
digestion of the clot, and natural fibrinolysis plays an important role in 
the resolution of (blood) clots in vivo.'- lA'i-^rnson 's claim that a jilasina 
deficiency of available tryptase is the true exjilaiiation of the coajndation delay 
in hemophilia,^ has been confirmed by Feissly.'" ^vith the aid of a frelatine 
Ibiucfactiou technique, (’ontimied search for a method whereby this and other 
problems rolatin.c- to the tryiita.se factor could be [oit to a quantitative te.st, has 
yielded a new a.s.say technique, a.s follows: 

.\.ss.\v OF TKVI'SIX liY FlimiXOI.V.slS 

(Rcladvc TurhUJimeiru With (hr Pholorhi friv {'(ilnrimctrr) . Method."—- 
Varying amonnt.s of tryjisin are rnbled to albaline (buffered) mi.vtnrcs of 
fibrinogen and thrombin and lysis of the clots formed is timed by the relative 
positions of the curves charted with (he aid of (he Fvelyn apjiaratus. 

Praarnl.t . — The (e.'!t reijiiircs a .slahle filiriuoueu .-ukI a slalile (Iiroiiihin. (’ifrato.I Wooil 
jilasiiia (’(intains a natural h-lir facti'r (mtiiiii lry()la.>-<‘). hut thi.s apparentlv ileterioialo.f ou 
keeping. Jlenee, the fibrbioiim (k’) i.« routinely prejaired hy three precipitation.-! with (Nil,);- 
(- 1 /, sat.), from refiltered (dog) pd.a.Miia, several days old. The preparation is suitahle if 
it shows no vi-'-ihlo ly.sis (in the eonlrol) during the eour.se of the e.xperiinent. An e.xcellent 
stahlc thrombin (T„) is obtained by a 1:100 dilution of Parfent.iev’.-ir' “rabbit clotting glo- 
bulin” (Lcdcrie Laboratories). In .-in optimal .series of trvp.vfn dilution.s, tlie highe.«t enr..viue 
roneentration used ctiuses fibrinolysis in one and one-half to two hours and tlio weakest in si.s 
to twelve hours (a nnittev of conveuienec). The stroiige.st typsin should not signiticantly 
interforo with clot formation. All reagents contain 0.0 per cent NkiCI (plus thymol) and 

■ MTi-nm the Pepartnient of Pharniacolosry, MeOic.al Scliool, Uuivor.sity of Micliienn. 
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the fiimnonen iV ImflVrod with !i;ir!»jtnr«t(>/’ honito, or otlinr fiiitable IniTirr. A routine pTI 
of 7..')-7.T.‘) ih- i-utVici('ii!!y ulknlino for tlie I'lizyiiie without in'Tcurintr tho triin.-luccn-:;.- 

(inipuiriii" tur!)i(lity) to tlio oxtciit Me.n witii iiniliily tilUtiliuo mixture?. Titc followin" ttmount.'^ 
of reaftentP are niixeil in tlie orAer lUteA; .'i <•.<■. huf^trn! filirinnoen -f- ] e.f. .saline {= control 
for experiment? cui inhiliitor or oilier ^' 0 |•nt■^ it i~ ile.-iretl to stinly) + '•> e.e. t'oromhin -t- 1 c.e. 
trypsin. In oriler to mininii/e h i-- of the filuinoe.'n ami thrombin, tlie enzyme i.s tiilileA 
five to ten seeomls before tlie on-^et of eioftinc;. 




DaUi.-lhc .iuta piv.seiiteil muphifully in Fi- j jv,,.,,, ^ 
stn-ies on a crystalline tryj.sin incj.aration. 1 m- of tvhie}! anahv.cd 4 ‘^4 v io-= 
Ll.L.]ni, by the Anson ami Mirsky methoa.’- Ten tier r-ent fraefinm; of i 
aoo „i. vJ. ,vZm° T, 

co„™,„.ntio„ v»vy fv„m 1 -.W.IUKl ,l„«-n ta , Tl,c ti'iri'o ,V 
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THi; .lotTfiXAi, or r.Aiton.vTotJV and ci.inicai. Mr:i)K!iNr. 


(10 jior ) is iiicoinpli-lc siiici' filiriiiolysis in liiis ciisi* n'(|uir<*<l Ifi to IG 
Iiotii'S, ;is compart'd \ti(li 7 Iiotiis, Ti hours. X hours, Ho minutes. HO iiiimitcs, 
110 miniilcs, 00 minutes. St) minutes, 7'2 minutes, for tlie tiO I'er cent to 100 
per cent, I'espeelively. ’j'lie eonti'ol was etiiupletely tniatlVeteti in 24 to 4^ Iioufs. 
lemp. 22'’ f’., p]I r-, 7 .;') (elieeketl in all tuhes, with jrlass electrode, at com- 
idetion of tilwiiiolysis). Clotlinu-time nVP.) 2.7 seconds: the same in tlio 
eonti'ol and all tlit* I'li/'.ymi'-eontaininii mixtures, 

IiiHtnimciit .intii,— Cr.-en filler (.'.tii). (nilnoioi.ii'ter f(V) valuer: tl) Tilank 
(10 f.e. Kiiliiie) — loiil); ( ) initial teailiii},' (jilI tiilx-s) i'.'IO; ("•) lina) reailiriir 
(all lalies, excejii eonlKil) — I'lo. 


The slight pt'rsisteiit turhitlity is thie to a very faint oiialeseenee. prohalily 
•issoeiated with tract's oi lipitls or thromliin imjuirities whieli are still jireseiit 
after (ihrinolysis. 

Comwea/.— The ahsenee of ( ’.T. ehantre is evidenet- that the (hroinhiii 
and iihrinogt'U are not signifie.-intl.v atlaeket] hy the trypsin ettneent rations 
used. However, the relative turhitlity is progressively lessened as Iht' enzyme 
strength is inereasetl (see Kig. 1 ) and (his is lu'ohahly a more sensitivtt indica- 
tion ol a minor degree til fihrinogen destruelion. .Smdi tihriimgeimlysis as may 
oeeiu enhances tht- seiisitivit.v ol ihi' Inrhiilimt'l rie tt'st, hut It'ssens the .sig- 
nificance oi the actual values. It is not thi' shape of (he curves which i.s 
significant, hut their relative positions ahing the timi' axis, simi>le charting 
oi gahanometer st'ale readings ((!) serves the jmrpose of (imintj liie fihrinoly.si-s 
just as satisfaetoril.v jis the eorresptmding *■ photometric dt'iisities” (L), which 
require compiUatitm hy the iormnla L 2 - log Ilotli methods arc il- 
lustrated in Fig, 1, The stct'[i tcrmimititms of lht> curves for the various 
mixlnre,s are clearly .separated hy marketl time difiereiiees. lienee, the slrenglh 
of anj unknown solution ol similarly-a<‘iing lytic agent (suitaldy diluted) 
can he assa,^ed from tlie |)osition ol its eiid-ciirve with r(‘fcrenee to those for 
the .'Standard Irypsin.s. good eommerciai tryiisin of known jmtoney is just as 
SCI ^ iceahlc as the crystalline cnz.vmc.*’ The 10 jicr cent “limit of error” is 
exli'cniely liheial, jiarticnlarly with the longer-ael iiig (i. e. weaker) trvpsins. 

In preliminarv testing lor .suitable dilution range, simjilc visual timing 
of fibrinolysis is adciinate and the pliotometer can ;dso he disjionscd with if the 
“lytic times” are sufficiently long and xvell sejiaraled. Turbidimefry is in- 
valuable, however, for enhancing the reliability of oh.servalioii and permitting 
assays to he made with the greatest po.ssihle ai'curae.v in the shorter lime- 
intervals. The ah.soliitc iiractieal sensilivil.v of the fibrinolytic a.ssa.v is of the 
order of 1:1,000,000 final crystalline trypsin (=4.24 x lO'" [T.U.]nt>), which 
makes the method espceiall.y aiiplieahle to quantities of enzyme too small 
to be assayed h,y all but the best (jXn.son and i\Iirsk,y''^) ju'otcol.ytic methods. 
It offers three improvements over the method used for haefoi'ial “fibrinol.vsin” 
by Christensen ;’■* (1) standard reference enzyme, (2) greater aecnracy of the 
photoelectric timing, (3) an absolntel.v stable (try-jiUise-free) fibrinogen is not 
essential. A trace (0.1 per cent) of citi'ate is not objectionable, hut tr.yptnse 
inhibitoi’s must be absent. 

•Further detail as to standard “units’* ^d reairents is eriven in a note to Federation 
Proc. (1943)' A Newer JMethod. by Lysis of Fibrinogen, Proc. Soc. Exper. Biol. & Med, 52: 
243. 1943. 
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Effrcls of Voriiinti Fihrh\o/ii ii Cnurrnfrnlinn. ilrlhmh — Five strcngtiis of a fibrinogen 
Fobition (v. sujira). \vb\i-b vielboii uon mg. of fibrin per 100 c.e. (dry weight, by a modified 
Gram method), were clotted by T,; (a.i above) in the prcHcnee of 1/10 volume of 1:4000, 
]:S00n, liirtOflfi, litKOiiO X.T., along with a control (without trypsin) for each series. 
Table I summarir.es both the clotting-times and the “lytic times," determined with the aid 
of the photoelectric colorimeter. 

Com writ/.— A.s expected, the rate of fihrinoly.si.s is .speeded tip by lowering 
the siib.strate (fibrin) eoneenlration. The elolting-timc.s indicate tliat the 0.2 
per cent fibrinogen was a little too strong for optimal clotting and gave slowest 
lysis with both strongest and weakest ctizyme eoneentration. The 0.0125 per 
eent fibrinogen was too weak, giving longer elotting-time (hence favoring 
fibrinogonolysis by the added enzyme) and in.sufficicnt turbidity. Nevertheless, 
the control remained stable for throe days and the tnrbiclimetric timing of the 
l.vsis seemed satisfactory. It was particularly noted that the weaker fibrins 
gave quicker lysis with Ijotli the strongc-st and weake.st enz.vme concentrations. 
The facts siigge.st a trace of natural inhibitor in the fibrinogen. ^Yith inter- 
mediate enzyme concentration (final cone. — 1:80,000, 1:160,000) the varying 
fibrinogen produced only minor differences in the lytic times. It may be con- 
cluded that a fibrinogen concentration of 0.05 to 0.1 per cent is optimal for the 
tiTpsin assay. With trypsin concentrations below 1:300,000 (final), somewhat 
weaker fibrinogens may he advocated. 

Effects of Temperature a7i(l pH . — Onr experience confirms the information 
given by Christensen, for bacterial “fibrinol.vsin.s,'’ and the data need not be 
presented in detail. We find it convenient to carry ont the lytic tests at room 
temperature (20° to 25° C.) and a thermo.stat water-bath is indicated only 
for timing lysis occurring more rapidly than two hours. Tryspin has a broad 
zone of optimal pH (S to 9. Northrop) and considerable activity is retained 
well into the acid side of neutrality. The fibrinolytic method is adapted to the 
assay of any proteolytic enzymes which are active between pH = 6.5 and 8.5. 
Too great alkalinity le.ssen.s the “photometric den.sity’’ of the fibrin gel, leading 
us to prefer a pH = 7.5 - 7.75 as the practical optimum for the method, 
albeit this i.s about the limit of usefulne.s.s of the barbiturate buffer recommended 
(.since barbituric acid tends to precipitate from the buffer mixture). 


1 X 


Effects of Yakvixo Fisr.ixor.Ex Coscf.ktk.vtiox ox As.s.vv op Trtp.six by Empivor 

“Lytic Time.s" .at 25° C., pH = 7..5 ’ -^‘“''.i.'voi.y.sis. 


FTBP.IXOOEX COXC. (%) 

0.2 

0.1 

0.05 

Trj-psin cone, (final) 

1 ;40,nno 

75 min. 

60 min. 

45 min. 

i:sn.ono 

2 hr. 

24 hr. 

If hr. 

1 -.ifio.ono 

34 hr. 

4 hr. 

3 hr. 

l:.320.nno 

9 'hr. 

7 ? Iir, 

5 hr. 

0* 

X 

X 

X 

Clotting-times 

«p<*. 

25 SIM*. 

25 -Fpc. 


0.02.5 


40 min. 
34 hr. 
." hr. 

5 hr. 

■X 

-0 .cec. 


0.0123 


3.5 min. 
14 hr. 
24 hr. 
34 hr. 

X 

33 Sec. 


.. 1 iiu- lonirois snoAvi*,! .my lysi? in 3 The rlntlin,. 

trol.«. but were not .^iRniflcantly nioilifii-il by the ailrlitidn of t-nyvnlo 'in S' con- 

• - *41 in»- manner 

Use Wifi, Other Protfo.sr.s-.-Tbe new metlmd obviously surrsch- annlico 
tion to tlie study of all '-Iryptascs” (Oppenheimer-) inclndino- thneo of 
leucocyte (and platelet), and tissue origin: also bacterial proteases andThe 
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proti'Jisos in tionlu' vi'iioiiis (wliii-h may ]((>ssil>ly Irivi- a Unvh'viul ovi'i'm). uwl 
papain. It is an oasy uay to control st<‘ps in llic purifa-ation of .sin-li ciizyiais 
and tlu'ir behavior \vith I'cspccI to small cliaiim-s in pll, salt conrciitiatiaii, 
athion of inhibitors, etc. 

sr.arM-'ii’vrT \ m; ano iti.oon-n-o'rnxi; is tui: irMtair 

The followinir materials \v<‘r<> tested: A, 10 e.e. eitrated (O.HS jier coat) 
rabbit plasma, diluti'd to ronliiie volume (2') e.e.) with thymol-saline; B. same 
(1:2 dilution) eitiateil plasma idotted by .ns of t'at'l., the fibrin beiii'- 
remov(>d by whippintr with a irlass roil, Ic.-ivim; the- ele.'U’ .serum for the ehloro- 
form treatment (infra); t (1 :2i eilraled plasma, elotled by 2 e.e. enzyiae-liw 
thrombin (1:100 ililution of Parfenljev's ndibit idobulin'), tin* fibrin lihewise 
beiii'T lamioved; i). the fibi-in from ('. w;is!ied thoroU'.:hly in thi'er* elian-f-s 
of saline and resuspende<i in ((intine v<thime (20 e.e.) of s;ilim': I'h teii-hmir-ohl 
serum fi'om elotled wliole blood. In ordtu- to |■emo\'e I rypsin-inhibitoi-.s (whieii 
will not be eon.sidered at this limei. we em]iloy<‘d the old method of Noll, et al. 
(Taenon'-'' ), shahinn with one-leiith volume of ehloroform. The (aO e.e.) bottles 
were eotitrifiiited iifler Ihree-fpiaiiers of an hour, the supernatant beinir lett 
in eontaet with the CllCl. and .s!im|>les reimna'd 1, (f, 21 hours from start of 
troatmetit. (’lottiim:-fesfs ami eontrolled iibianolyl ie studies (routine Irypsin- 
assay method) art- snmmaiazed in Table II. 
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TKVl’TASK Ti:ST.S 

Koom tomperatiire =- 23° C. ± 2° ('. {iir = 7.75 (barliituratc bnn'er). 

1 cc test-material in 10 e.e. fibrino.nen-cdtrate (0.03 per eon t ) -buffer mixture, 
gfuulavd trvpsius: X.T. (v. sujmi) - 1:500,000; 1:1,000.000; 1:2,000,000 
(fiml concentration) gave “lytic times” of 12y., 18, 24 hours, respectively, 
while the control (P) was stable for two days. Tests were made both witli 
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the onc-iioui’ :in<l Iho 24-l\our samples, tlie lallei' witli a weaker (1 :3) fibrinogen. 
Except for a very slight increase in enzyme activity in B in the 24-hour, as 
compared with the onediour sample, the data (including standards) were so 
.similar that only the tests with the one-hour materials will he cited (Table II). 

Diitii. — .4 and E showed no dise.stive activity in four days. Indeed, they 
woro more .stable than the control (F.) of 4S hours ‘‘lytic time,"' suggesting 
the ])resencc of an (ni/f-tryptase factor. In J), fii)nnoly.si.s was complete in 20 
hour.s, with C not far behind (29 hours). B (one-hour sample) was wealdy 
postivo, with digestion about half completed in 36 hours, and ejuite clear in 
40 hours (when the control was .iust beginning to lyse). All tests indicate very 
little enzyme and fall below the satisfactory working range of the method. 
Even so, the data arc valuable and, allowing for the plasma dilution (final = 
1:26), it can be stated with some assurance, that the rabbit plasma (serum) 
materials tested have a tryi)sin (X.T.) cfiuivalence (by the fibrinohdic tc.st) 
of less than 1 :40,000. This is equivalent to .02.5 mg. X.T,, or 1.06 x 10'' [T.U.jnt, 
per e.c. Comparison with dog, iuiman, and other pla.smas will be deferred 
for a subseciuent communication, but it may be stated that the rahhif data are 
signifiearrtly lower than in carnivorous species. This offers a rational explana- 
tion of the exceptional stability and enzyme-free character of Parfentjev’s 
“rabbit clotting globulin," which makes it so excellent a thrombin for the 
assay test and other purposes. 

Owing to the relative paucity of serum-tryptase, rabbit blood behaves 
somewhat differently from dog blood, in clotting experiments, under conditions 
similar to those employed by Tagnon.’' 

COAGCLATIOX TESTS 

Room temperature = 23° ± 2° C. Clotting-times for 1.0 e.c. weak fibrino- 
gen solution plus 0.5 c.c. chloroform-treated materials. Character of clot (in 
parenthesis, Table II); == complete (tube invertible); -r = incomplete. 
The .significance of the experimental data may be interpreted as follows : 

1. "When plasma is shaken with CHCl, and the tryspin-inhibitoi's thereby 
“neutralized.” small amounts of serum-tryptase are activated. By its ihrom- 
hoplasiic action ,^''- ' notwithstanding depression of the Ca-ions due to the 
citrate i)resent, the enzyme activates a part of the prothrombin to thrombin. 
This increases to a low “peak” level and then decreases. We do not wish, at this 
time, to diseu-ss the several possibilities which might account for the later 
decrease, but adsorption on fibrin, “immediate” anti-thrombins (i.e. “meta- 
thrombin” formation) and progressive thrombinolysis may be mentioned The 
persistence of such a weak thrombin at all shows that tryptic thrombinolv.sis 
is negligible. Considerable unaltered prothrombin persists in the I’Hr’h-freated 
plasma, as shown by (5-minutc) recalcification of a sample and adding to 
fibrinogen, when .solid clotting occin-s in eight minutes. The recalcifica"tion' 
produces no clot in the (.TK’L.-plasma itself; neither does added tlirombin Unis 
showing that the fibrinogen has all disappeared. It i.s. in fact, deposited as a' 
fibrin coagulum (llocculanti adjacent to the chlorofonn layer in bottle \ 
Xo such appearance is seen in B — E. The thrombin formed bv Die trvnfnse 
action IS sufficient to account for the fibrin depo.sit. The clots in’ the tests whl 
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fibrinogen, nltiiongb ineottiplcle, ivrrc pcrfiTrUy Kt.’ibb,* for (Jireo ilays. The 
imporlanl eonelusion is lliai scrnin {ryplnse, in nmonnfs too snuilJ (o be lieteeted 
liy any of its otlior aelions (viz., ly.sis of librin or ibroinbin, or tiieir jireeiir- 
sors) is, novorlbolo.ss, jihle to exert Ibe typienl Ibroinlioplastie aetioii in tlio 
convor.sion of jirotbroniiiin to tbroiiihin. 

2. In rcenlcified jilasina, tlirombin proilin-tioii jiroeeeds in the natural 
manner Imt is doubtless aided liy the tbromlioidasiie aelion of small (luantities 
of tryjitaso liberated by the < 'IK ’i,-treatnient. This might not be true if the 
eonversion of prothrombin to tlirombin were eompleled jirior to the addition 
of chloroform. In the jiresent experiment, however, llie conversion was definitely 
retarded and for an nnnsnal rea.son. namely, too great an e.xee.ss of ('a, oeea- 
.sioned by the inadvertent ii.se of stock (X '2) instead of the enstomary (X'/lb) 
CaCL. Thus the preliminary jilasma clotting reiinired twenty mimifes. instead 
of tlireo minute.s noted on repetition witii X 10 (.'at'!;. Tliinking that the 
experiment might be instrnelive, tin* lir.st sample was elio.sen for the fdiCK 
treatment and it did yield the iiertinenl oliservation that additional thrombin 
continued to form during the twenty-four hours of eontaet of the serum with 
chloroform. X^o evidence of tryptic thrombinolysis was obtained. The fib- 
rinolytic tost jiroves the paucity of trypta.se, but the assay is definitely positive 
and in the clotting-test (here was enough enzyme to produce clot retraction 
in tlii'oe and one-half hours and the clot had almost ly.sed by the end of the 
third day, when observation was diseontinui'il. 

3. Tlic addition of enzyme-free thrombin to eit rated plasma produee.s 
complete conversion of fibrinogen to fibrin and nncipii vocal liberation of 
tryptasc (sec l.vtic tests). There is no evidence of any immediate thrombin 
formation from the plasma iirothrombin. The slight exee.ss of added thrombin 
is sufficient to account for (lie weak (fiO-minute) clot after the one-hour CIIClj 
treatment. By the end of six hours no Ibrombie activity is left, proliably owing 
to destruction by the tryptasc formed. After twent\--four hours a (weak) 
thrombic action roaiipcars. This is attributed to the slow thrombojda.slie action 
of the enzyme on the iirothrombin of the serum. That an abundance of jiro- 
thrombin persists unaltered in the serum is clearly sliown by a test in which 
a (30-minutc) rcealcified sample of the twenty-four-hour .serum clots a test 
fibrinogen solidly in eighty scanuh. The lytic tests reveal the small quantity 
of tryptasc responsible for the.se effeet.s. Retraction of the weak oi-iginal clots, 
(A) and (C), occurred on (he .second day but ly.sis was far from complete by 
the end of the third day. 

4. That well-waslied fibrin contains traces of thrombin, M'hieh can bo 
eluted with saline, is (he basis for (he old Gaingee-IIowell metliod of thrombin 
preparation. The slight increase in tlio thrombin obtained after si.x lioui's 
is probably due solely to the longer period of extraction. Enzymic thrombino- 
lysis may account for the falling off in Ibrombie activity in the twenty-fonr-bonr 
sample The persistence of sueb a weak thromliin in the pi-esenee of tlie serum 
tryptasc revealed by tbo fibrinolytic tests is remarkable, liowovcr, and suggests 
that adsorption onto the fibrin profcels the llirombin (to some extent) from 
the di"estivc action of small quantities of enzyme, wliieli are obviously also 

dsorbed onto the fibrin clot and eluted with saline. The positive tests of C and 
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D show that the tryptasc liberated by the CllCla treatment is divided between 
the scrum and the clot. Ta<inou''- was, therefore, well advised in shaking the 
u'holc clotting mixture with CHCl^ in his fibrinolytic experiments and we pro- 
pose to continue this practice in the clinical examination for human blood 
tryptase. 

5. The serum experiments show a trace of persistent thrombin, which 
is to be expected in the absence of demonstrable tryptase activity.® The fibiin 
in the clotting tests was still solid after three days. 

The close parallelism between tiwptic and clotting activities, emdent in 
these experiments, suggests an autoeatalj'tic process of enzyme activation. 


D1SCUS.S10X 

We should like to point out the undoubted confinuation, which Tagnon ’s’® 
data aft'ord, of the views expressed in frequent communications from the 
iliehigan laboratories during tlic past three years. We have delayed full con- 
sideration of the role of serum tryptasc in fibrinolysis because of a con\iction 
that this is a minor and variable side-action of the role of the enzyme factor in 
blood-clotting. The present experiments with rabbit blood add emphasis to this 
view. 

In evaluating the experiments of Eagle and Harris,’® Tagnon is correct 
in pointing out that they compai'cd crystalline trypsin to Ca + “thrombo- 
plastin” u-ithout attempting a definition of the latter term. Eagle’s work 
must be credited with stimulating renewed interest in proteolytic enzj-mes and 
their relationships to blood clotting, although considerable older data appear in 
the literature and we must give a niche to the long-forgotten study of Colling- 
wood and SlacHahon, 1913,” sugge.sting a relationship of trj-psin to progres- 
sive antithrombic action. 

In extending Eagle's obseiwations, Ferguson (op. cit.) has sought to 
demonstrate that the natural serum tryptase (long known to enzyme chemists) 
actually is the chief thromboplastic factor of the blood plasma. While it can 
act under conditions of not-too-gi-eat depression of the Ca-ionization as shorvn 
by Eagle,’® Ferguson®-^ points out that Ca and cephalin are essential for 
optimal prothrombin activation. Particularly noted® in this connection is the 
“stability” of the clots obtained, which is a phenomenon again emphasized by 
Tagnon” in his rather obscurely presented mew concerning “inhibitorv” ac- 
tions of “thromboplastin” (and “prothrombin’"). Current studies of trvp.sin 
inhibitors are yielding very interesting data, which udll appear from the 
Michigan laboratories in due course. That a deficiency of serum tiyptase is 
the “bane of the Hapsburgs” Ls the Ferguson (1939)® theory- of the causation 
of hemophilia. 

St'MMAKV 


A new fibrinolytic method of protease (especially trj*ptase) a.ssav is de 
tailed. It can detect small differences within a range of (final) concentntion« 
of 1:40,000 to 1 : 1 , 000,000 crystalline trypsin (1 ms. X. T = 494 , 2 q--- 

[T-U.] tYhile the wide fields of usefulness of the nmv methods are mus^r-Twil 
only ;it the extreme limit by the rabbit blood clottimr experiments hr • 
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soiilcd, it is si”-i)ifi(‘jmt tluil this jniiin:)] yields scjriini fryplnse not in exco.ss 
of 1:40,000 (X.T.) ])or cubic eentiineter of iiuilei-ials tested and that apiu'ceinhlc 
nuantitu’s of enzyme lil)en.lion re(iuiro eoa"ulatioii{ !) whethei' by added tlironi- 
bin or by I'eealeifieation. IVith tiiese relatively small amounts of enzyme 
(probably a species poeidiarity ), “fhromboplaslic" conversion of prothrombin 
to thrombin yields stable thrombin am! stable fibrin clots. 
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EFFECT OF TOURNIQUETS ON VENOUS BLOOD SUGAR VALUES®’ 


Wl.VIFRKt) C. LoUOHLIX, ^I.D., HkRMAX 0. Mo.SRXTdAL, JI.D., AXD 
R\-th riAU’Knx. B.A., Nf.w York, N. Y. 


T he influence on the blood sugar level of a touniiqnel emploved to distend 
the veins in earrying out vcnepuneture has ncvei- been considered, and yet 
obvious possibilities exist. 

MF,THOD.S‘ 

The present determinations were eamcd out, nsiner a blood pre.ssure ciifi 
with mercury manometer attached as a tourniquet. A control .series of ob.seiwa- 
tions was made without the use of a tourniquet. The ten.sion applied to the 
upper arm was either above the systolic arterial pre.ssure, “.systolic tourniquet,” 
or at or above the diastolic pressure, but distinctly below the .systolic pre.s.sure, 
“diastolic toumiquet.” Each one of the three procedures was caiTied out on 
five normal subjects in the fa.sting state. An interval of several days elapsed 
between each of the three experiments. The blood .sugar deteiminations were 
carried out over a period of about six minute.s. 

The venous blood sugar estimations were made according to the method 
of Folin and Halmros’ as modified for the photoelectric colorimeter by Saifer, 
Valenstein, and Hughes.^ The determinations were carried out in duplicate 
on a carefully .standardized photoelectric colorimetei’. 


Table I 

CoSTP.or. Le\'els Of Blood fjeoAK Mg. Pet. 100 C.C., Cop.uespo.vdi.vc to CnAP.T 


1 

f'ASE 1 

CA-SE 2 

\ CA.SE Z 1 

CASE 4 

[ CA.SE 5 

Xo Tourniquet 

95 

JCS 

■linjQBM 

111 


.Arterial Toumiquet j 

SS 

9S 


102 


Venous Tourniquet 

St 

9?, 


12.5 

■EEHI 


RE.SCLT.S 

The blood sugar serie.s determined without a tourniquet -seiwe as a conti-ol 
for the subsequent ones. The variations from tlie initial blood .sugar in the 28 
blood .sugar e.stimations comprised in this group, varied above 6 mg, per 100 c.c. 
in only two in.stances: Ca.se 2, 10 mg. below the control level, and Case 4 10 
mg. above the control level. From the.se results it may be concluded that changes 
of 10 mg. or le.ss arc within the limits of error for the present procedure. 

The curves obtained when an arterial toumiquet was applied are distinetiv 
more variable than wiien no tourniquet was used. In only three blood .su"ar 
estimations, however, did the changes exceed the 10 mfg. limit .set as the limit 
0 ^ erro f: lo mg. per 100 c.c. deviation from the control in Ca.se 2, and two values 

•Spon?ored b>' the Now York Diabetes A550cIatlon. 

Iteccivcd for publication, November 1042. 
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of J1 ill Cjisr. M. It would srctii jiistifinlilr to «-oni‘lii(lt‘ tlial tlr* :ni(‘iT.!l 

toiiriii(jiiot cnVcts no vojw .siirni/iciint rJuiniros i)j Dio voiioiis olood snuar; the 
proalor vnrialiilify of the lilood sii<i!ir with liio ;irti‘riid loiiriiiitiiot, as oompared 
with tho venous lilood sU!,Mr values when no toiiniiijiiel was aii}died, may he 
aserilicd to the time reiiuireil to inflate the euff, wlieii for a few seconds tiie 
venous tourniquet would he tietive ami induce such variations as are discussed 
in the next iiara^n-atih. 

The results with the venous lourniiiiiel are distinctly ilifiVreiit. They show 
changes from (ho control Mood sugar varyitiir from to 24 mg. jier 300 o.e. 
In no ease was the variation le.ss than IS img. ]ter 100 e.e. ; in four instanees the 
blood sugar rose: in one the jn-im-ipal change was a drop; the most eoiisisteiit 
fluctuation was a rise in the Idood suirar followed by a droj). 
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DISCUSSION 

■\Vitbout a tourniquet the venoirs blood sugar level, olitained at niimite inter- 
vals over a six-minute period, shaw.s no variations that cannot be ascribed to 
the limit of error inherent in the procedure employed. Tlic results after the ap- 
plication of a venous tourniquet indicate Diat some adjustments occur that ivill 
cause the blood sugar to undergo fluctuations that are significant from the clin- 
ical point of view. Such changes deviate about 20 mg. per 100 c.c. from the 
cted value ; they generally take place within tAvo minutes after the appliea- 
t‘ n of the venous tourniquet. As a rule there is a rise of the blood sugar. 
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thoRgli in one insinncc (Case 4) there was a marked fall. The.se initial %'aria- 
tioirs in the venous blood sugar are transient, and are followed by a .shift in 
the opposite direct inn after the tonrniquet has been in effect tAVo or three min- 
utes. 

The increa.se of the glucose concentration in the venous blood while a venous 
touniiquct is acting may be ascribed to the forcing of arterial blood AAnth its 
higher sugar content into the occluded A-eins. 

El)ert and Stead" have .shoAvn that one of the effects of venous tourniquets 
on the extremities is a reduction of the pla.sma A-olume in the blood A-e.ssels, re- 
sulting from a transudation of fluid into the surrounding ti.ssue.s. Since the 
concentration of glucose is greater in the pla.sma than in AA'hole blood, such a 
diminution of plasma volume Avould account for a loAvering of the blood sugar 
AA'hen the amount of plasma Avas less and the red blood cell content Avas gi’cater. 

These Iavo factors, increased accumulation of arterial blood in the veins and 
diminished plasma A'olume, occurring at different inteiwals after the application 
of a venous tourniquet, Avould account for either a rise or a drop in the venous 
blood sugai'. The absence of the.se tAA’o influences A\-ith no tourniquet at all would 
explain the stabilization of the venous blood sugar under those circumstances. 

Venous blood sugai’s determined after the application of an arterial tourni- 
quet are slightly more variable than those AA'hen no touiTiiquet is used. This may 
be accovinted for by the transient phase of venous tounAiquet pre.s.sure in apply- 
ing the arterial tourniquet. It is probable that if the tourniquet Avould be ad- 
justed Avith great speed, the venous blood sugar figures derived from the use of 
the arterial tourniquet Avould duplicate tho,se obtained AA-ithout a tourniquet. 

COXCI.USIOXS 

Without a tourniquet, the A'enous blood sugar le\'els remain constant oA'er a 
period of five minutes. The application of a venous tourniquet results immedi- 
ately in significant changes in tiie A'enous blood sugar amounting to 20 or even 2.7 
mg, per 100 e.c. as either an increase or a diminution from the control value. The 
use of an arterial tourniquet causes some A'ariatioms in the venous blood susar, 
Avhieh, hoAvever, are much less marked than those obtained Avith the A'enous 
tourniquet. For the greatest accuracy a tourniquet should not be used in obtain- 
ing blood for A'enous blood .sugar determinations. 
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AX AI'PAKATCS FnlJ STDRAC.’F. OF CAS-FRHF SOLUTIONS FOR USE 
WITH Till-: VAN SiA'KK CASO.M FTLMO :M1-:TH01)S» 


]?. II. Ooin/.T M.O., C.MT. Town, Snt Tn Aruic.v 


V AlIIOrS .'ipparjitiis liavi* liaon llu- rcaufiil.'; for 

gasomctrie analysis uas-fri'a for some leiiirlli of lime. .Most oi tliom. liou- 
ever, as jminted out l>y (Juest atui I!<ilnu'.s,' liave the <lisa'lvaiita.ire that the 
alkaline sohition.s have to pass a ul.ass slopeoek,*' ' the fri’ease of wliieh (loe.s not 



I-’iK. 1. 


lioki afrainst the alkaline solutions ajicl leaknp:e.s occur easily. The ap- 

paratus of Holmes'' eliminates this tliftieulty, but it has the di-sadvantage of 
liaving to be made by an e.xpert glass blower. 

The following apparatus has been designed to lake the place of more com- 
plicated pipettes; it has at the same time the advantage that only mercury or 
paraffin comes into contact with the .stopcock. 


.Viom tlifc Department of Surgery. Univeriilty of Cape Town. 
tTneobus Steplianus Slarnis Re.search Assistant. 

I, „ krfaratus wns Wown for us by Mr. V. J. HinUle.v. 

TliC “PP' ‘ Qoverntnent Grant Committee for a grant covering the expenses. 

Received for publication, November IS, 1942. 
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As seen in 1, tlic vessel eonsists mainly of four pai’ts: (1) the upper 
storage eliambor for tlio mercury, (2) the lower storage chamber for the solu- 
tion, (3) an S-shaped tube connecting both vessels and provided with a stop- 
cock, and (I) a delivery tube which is immersed into a small test tube filled 
with mercury, providing the seal. 

Fillvig of ihc Apparatus . — Before filling the vessel with the solution, it is 
filled with liquid paraffin, in which process special care has to be taken that the 
paraffin does not contain any air bubbles. Following this, the paraffin is dis- 
placed by the solution in the manner indicated in Fig. 2. The delivery tube is 
fitted into the bottom of the cuj) of the Van Slyke, a .small rubber ring making 



the connection airtight, and mercury sealing the connection as well. With the 
stopcock of our vessel open, and the leveling bulb of the Van Slyke in the upper 
the rrpper cock of the Van Slyke pipette is opened and the gas-free .solu- 
tmn is forced slowly up the delivery tube of our vessel. It then drops through 
file paraffin to the bottom of the storage chamber, displacing the liquid paraffin 
into the upper chamber of the vessel. The solution is thus collcetod in the 
storage chamber without coming into contact Math the air. When all the solu- 
tion has been delivered to the storage ve-ssel. the .stopcock of the vessel is closed 
and the paraffin in the upper vessel is recovered. About 10 c.e. of mercutw are 
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then pourod into the upper ('Iniinlu'i*; juni of it is iiliowcd to fill tlio S-sliaped 
connection, jirovidins;; Ji si'ol. Tlic vt's.i»l niny then he j)l;iced in a convenient 
stand, its dclivco'y tube In'intr intniei’scd into inerciir.v ns shown in h’itt. 1. This 
j)rovidcs a coniplefe seal, and solutions have been store*! •ias-i'rce in this way 
by us for many months. 

The r.sT o/ ihr .•l/)p(fra/a.s'. — In order t*) "td tin* sr)lution into the Van Slyke 
diiriu!^ an analysis, the npjicr .sloratre ••liamher is filled with snnieieiit niofciiiy. 
(.)n oi)cnin,ir of the stopeoeic, the nierenry by its own trravity will flow from the 
njrpoi' into tin; lower stor;me eli.ambm', <iispbuMn.ti the solution via the delivery 
tube. After elosinir of the stopeoeic and after ri'tnrtdnir of the vessel into the 
stand, comphite sejilinn: is jifrain obtained. i\Ierenry has to be added iroin time 
to time in the upiier vessel, .as it is used btr replaein',: the solution. 

The (Umeusiotis of the appar.atus ean be eleai'ly si'en from the aeeoiniianyins 
figures. Aefually, any size for the v<’.ssel st<iring tin* .solnti<in is possible, but for 
practical purim.ses 100 e.e. capacity for the chamber hohlitig the .solution was 
found most .suitable. The upper (mercury) ehamber should eotnaaiiently hohl 
about, 30 e.e. in oialer to lake the parafiin which is being <lispl,aeed when filling, 
since 2;') e.e. of .solution may b(« made air-free at one limi! with tiic Van Sh'ke. 
Tlie delivery tube is made of capillary tubing having a bore of l.a mni. It 
constructed in such a way that the vertical j>art of it during fdling and delivery 
of the .solution is .sufficiently far away from the euj) of the \'au Slyko as to allow 
smooth operation of the latter's stopeoeic. 


.SU.M.MAltV 

A self-sealing apparatus for the storage of gas-free solutions is de.serihc(l, 
which has the following advantages: 

1. It eliminates the use of rubber j)arts and of glass slojwoelcs where the 
grease could be dissolved by the alkaline .solution stored in the ve.s.sel. 

2. It can be easily fdled. 

3. It provides a mercury .seal for the <lelivery tube. 

4. The apparatus is eliaraeterized by its simidieity and lliercforc can bo 
easily made by a moderately e.xpcrieiiced glass blower. It is mueli le.ss liable to 
break tban the more complicated vc.s.sels in use. 

The vessel lias been found most convenient, especially under such eondilions 
where gasomclrie analyses are undertaken only at long intervals. 
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A RAPID ]\nCRO ANALYTICAL 3IETH0D FOR LEAD IN URINE'' 


SiDN'HY Kayk,! Sax Juax, Puerto Rico 


A ^ilETHOD is herein desevilied for the rapid microanalysis of lead in urine. 

Auh and associates' mention the fact tiiat ammonium hydroxide quantita- 
tively precipitates lead as lead pliosphate from ui-ine. If such be the case, this 
would afford an excellent means of separating the lead from interfei-ing organic 
•matter in ui-ine. Experimentation, = however, showed that excess ammonia did 
not result in a 100 per cent recoveiy. FairhalP states that there is a 100 per 
cent precipitation of lead with ammonia at pH 10. This was found to he experi- 
mentally correct. 

Several excellent procedures have been described for the destruction of 
organic matter in urine in preparation of the sample for the determination of 
lead. These employ either the dry muffle heat below 500° 0. or the various acid 
oxidation modifications. Although fairly rapid, these methods are not as rapid 
as the phosphate precipitation, ffloreover, in the wet oxidation methods, the 
quantities of urine analyzed have been so reduced that slight de%'iations become 
appreciable and significant when calculated on a liter or per diem basis. Larger 
samples of urine may, of course, be digested, but then there is time consumption 
in concentrating the volume. 

PRIXCIPLE or AIETHOD 

The method is based upon the total precipitation of lead by the addition 
of ammonium hydroxide to urine. Lead phosphate is A'ery insoluble and is 
easily filtered out along with the alkaline earth phosphates of calcium and 
magnesium. Tins precipitate is subsequently dissolved Avith hot dilute nitric 
acid and is heated for a short time to oxidize any adhering organic matei-ial. 
Citric acid is added to keep the phosphates in solution during later neutraliza- 
tion, and potassium cyanide is added to form complex ions with interfering 
metals.** When the pH is adjusted between 9 and 10, the lead is extracted 
with dithizoneff to separate it from extraneous salts and interfering substances. 
Once the lead is separated, it is then split from the dithizone and titrated with 
standardized dithizone for an accurate determination. Under the above con- 
ditions only bismuth, tin, thallium, and lead react with dithizone. To remove 
the interference of bismuth and tin, these are previously extracted with 
dithizone wiiile the solution is yet acidic. Lead is not extracted in this acid 
solution. Thallium, as a source of interference, has not been removed but 
its occurrence is rare and unlikely. 

•From the Puerto Rican Department Laboratorv. San Juan P p t 

Cornell. M.c., Commancllnff. ’ ' V- H. 

••Ctl. Zn. Cu. Co. Xi. 

tCnptain. Sanitarj- Corps. Cliemist anil Toxicologi.st. Armp of the United States 
1 1 Dithizone is the abbreviated name for diphenylthloearbazone. 

Received for publication. Dec. 3, 1912. 
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U!;a(:i:nt,'< 

All sohitioiis shoiilfl lie ill jiynw liottlcs, Wjitrr is liisliilrd 

I'l'oiii ;in ;iJl-|iyr(>.\' still. Aiiiiii'inia ua(i-r aiifi iiilric arid .slioiild liavc low leail 
rniifrid. 

Paiiissiuvi ('i/oindr Si/!iili<i)i; 10 (Uu. oj' potassiiint l•ya)!i<i(f (low in lead) 

dissolved ill water jo laalte lOiJ ml. 

(’ilric Ar'uJ StijuHoii: 2t)t) ti'ni. ni’ cjlrir arid (low in lead) dissolved in 

water to n-alce .' 1(10 ml. 

Slduditvd L<(i(f Siihiliiiii: 1(1(1 attr. < 11 ' i<-ad nitrate dissolved in l.dfK* Jnl- of 

water. One miliililer is ei|iiivalen( to ](((( e.uu- 
iiia*^ of lead, 

Dillnzont / fill- /’n fhtiuiiirif l-Arl rdctinn: 2.7 mo. rtf ditliizom* dissolved in 

-too e.r-. of eldoi'ofonn. 

I)illn:inu 2 for Tit riilio)i : 10(1 ad. of rlitldy.oiie I rlihiteri witli Idd nd. 

of rddrtroform. 'I'lds is stamlai<iized airainst 
known learl. Aiipro-vimale value is 1 e.c. 
o oamma lent!. If kf']>t in a Itrown Itotfleaiid 
in a r-ool place, (lie (iter will not eliaiifro lor 
several iiioiitlis. 'I'liis (iter is salisfartory for 
anmmd.s of lead ne.-ir normal valiie.s. Tfow- 
ever. if iarjirr amounts of lead are e.Nin'etod 
(IhKs is determined ai>pioxinmtely liy ll'e 
amount of dilliizonr* rerpiired for tlie 
liniinary e.xtraeiioii ). a strunj^er titer may lie 
prepari'tl. Ditliizoiie 1. nlien standardized, is 
a;>/)r«.\'imaleJy J e.e. 10 •raiiima lead. Tlie 
liter .slnnild ho ealeiilaled to at least one deci- 
mal unit. 

All 'glassware sliould lie of [tyrex rpialily. 

.wicnion i.\ niiTAin 

Drscviplion . — The total 1 weiily-foiir-Jionj' s/a-rdmen of urine is eoileeted and 
the volume measured. One-lliiid of (his volume is taken for analysj.s. A few 
dro])s of phenolphtiialein and tlieii dropwi.se ammo/utnii hydroxide are adrieci 
until tlie urine turns jiink (pll 9 to JU). This is woll .shaken and slojipei'eil and 
the jireeipilate which forms is allowed to .settle for ahoul lJ>ir(y ininute.s. The 
precipitate is then .separated hv hein'>' filtered throu.irh a Buchner funnel with 
suefion and rcfiifoi’cd if noce.s.sary. TIu* jireeijiitate is washed with several small 
portions of alcohol. Tlie filler paper i.s then inverted so (hat (he ])reei])i(a(o now 
faces (iie perforations of the funnel. Approximately SO to .'50 ml. of hot 3 per 
eonl nitric acid are .siiece.ssively poured over (he preci[)i(a(e until i( either 
dis.solvcs oi- is completely transferred Avilh the (illrate (o (he tlask. This is 
more easily aeeomplished Avithoul suction. The total redissolA-ed lu-eeipilate 
is then gently boiled for approximately lAventy minutes. It is ad,iusted to a 
pll of from . 3 ' to 3.5 (loAVcr range of methyl orange) Avilh (lie dropAvise addition 

= 0.001 mS. 
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of ainiRoniuin liyflroxide and ti'ansferrcd to a Scjuibl) .separatory funnel. It is 
then .shaken out with 5 to 10 ml. of dithizone 1, and the dithizone-chloroform 
layer is discarded. Tins extracts and eliminates the po.s.sihility of either tin 
or bismuth appearing later as an interference. Lead is not extracted at this 
pH. Then 15 ml. of citric acid are added and the solution neutralized with 
ammonium hydroxide. With the addition of 2 ml. of potassium cyanide, the 
solution is ready for the lead extraction. In an ammoniacal solution and in 
the presence of pota.ssium cyanide, dithizone has a selective affinity for lead, 
forming a chen-y red complex of lead dithizone which i.s soluble in chloroform. 

A small cpiantity of dithizone is run into the solution from a burette and 
vigorously shaken. The rapid appearance of a eheriy red chloroform layer 
indicates the presence of lead. After each addition of dithizone. vigorous shak- 
ing is necessary and the colored chloroform layer i.s separated carefully and 
transferred to another separatory funnel. The last traces of lead dithizone 
are washed through with several small portions of chloroform. These are also 
collected and saved. The proximity of the end point (complete removal of 
lead) may be roughly estimated by the diminution of inten.sity of the cherry 
red color. If it is very red. a larger amount of dithizone may be added and 
again shaken and separated. After each shaking, the funnel is inveided and 
the stopcock opened to relieve the pressure. This is continued until all the 
lead has been extracted, which is indicated when further addition of dithizone 
does not impart a cherry red color to the ehloi’oform layer, but on mgorous 
shaking a green color persists due to exce.ss dithizone. The presence of many 
extraneous salts prevent a sharp end point (cheriy red to green). Therefore, 
the first titration-extraction is not a reliable indication of the quantity of lead 
present. The end point is difficult to see because of the lag of the transition 
of colors (cheny red, pink, violet, blue, green). To rectify this, the several 
portions of extracted lead dithizone should be carefully collected and saved. 
These combined chloroform extracts are shaken with 15 ml. of 1 per cent nitric 
acid which quantitatively separates the lead into the aqueous solution. The 
green chloroform layer is discarded. The aqueous layer is washed by shaking 
u'ith a fresh portion of chloroform to remove any residual dithizone. To the 
solution are added several drops of phenolphthalein and dropwise ammonia 
until alkaline, then 2 ml. of potassium cyanide, and lastly dropwise citric acid 
until the solution is just faintly pink. If the end point is overrun, a drop of 
dilute ammonium hydroxide will ad.)ust it. 

The solution is now titrated uith standard dithizone 2. The dithizone 
may be added in one large portion to within 5 ml. of the total amount required 
in the fir.st extraction (when cheny red color started to change). The .sepa- 
ratory funnel is thoroughly shaken, allowed to stand until the layers .separate, 
and the rod chloroform layer is then removed. From this point, the titration 
co7Uimies carefully. The dithizone is delivered in successive .small quantifie.s 
iappi-oximately 0.5 ml. portions), and it is ncce.ssary before each .shaking to 
add approximately 1 ml. of chloroform so as to have enough volume to see^the 
color. After each addition, the solution should be ngoj-ously .shalren. allowed 
to settle, and then the ehlorofonn layer run out and discai-’ded. This is eon 
knued until the end point is reached, which is a persisiinir light green color 
ni the chloroform layer. - - „ 
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J''<»r .sldDfl/u'dizatioit ;i Icoou-ji Ic.-id .so)ii(io;i i.s tidvitcd ndtli Die ditbizoiie 
solution lisiii'' the in-oeedure jircvicuisly ileseriiied. Since the lend is in imrc 
solution, the preliminiiry tit nition-extniction is not neeessney. The (niantity 
o£ le;id in the standard used. <]ivided hy the nuiiiher of milliliters of dithizoiic 
solution I'Ofjiiired, represents tin* dilhizone lead erjiiivah'iiee. 

A lead blank is determined for the reafients. However, since the reascnls 
should be of hifrhest fpiality or are previously deleaded. the blanks should he 
i-clatively low. 

Taiiia: I 


Asai.vhik or ."iao mi.. ISistio.v.s or ria.s'i: 


i.r.Ait Annan 
(GAMMA) 

TOTAL i.KAP i:i:covki:ki> 
(«amma) 

i;v.\i.i'.\Ti<is or Tin: .vMor.vT 

or i.r..\n Aninai 
(gam.ma) 

00 

*»'# 


00 



2;'> 

\7 

25 

2.') 

•17 

25 

60 

7.*) 

51 

50 

70 

•IS 

100 

IDS ' 

96 

100 

123 

101 

150 

169 

M7 

150 

172 

150 


212 

190 



202 

HIHHHiuJHHHil 

505 

.(S.l 


Tabic I indicates that, this method for lead is applicaliie to urine, u.siny 
dilhizone as a .standard solution. The ma.ximum eri‘or was d.o per cent. 


SU.MMAKA' 

1. Exce.s.s ammonium hydro.xidc as pre.scril)ed by Aid) and associates for the 
precipitation and absorption of load is iin.satisraetory. 

2. The lead may be totally sejiarated from urine at pH 10 as su"^'e.sted by 
Pairhall. 

3. The lead is quantitatively determined b\' an e.stract ion-til rat ion pro- 
cedure with dilhizone reasont. 

4. Tin's method for detci'miniiifr lead in urine is rapid, sensitive, and reliai)le, 
and the maximal deviation is ± 5 jier cent. 


1 . 


3. 


4 . 
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THE VERIFICATION' TEST IN’ THE SEROLOOY OP SYPHILIS* 

Rkubex Ij. K.vhx, D.Sc., Axx Akbor, ^Iich. 


IXTRODUCTORY 


I Tlie Verification Test — The Search for Characteristics yvhich Differentiate 
• Specific From Nonspecific Serologic Reactions . — Studies in progress in 
this laboratory' aimed at tlie detection of differential characteristics of true and 
false positive serologic reactions have thus far led to two obsenmtions tvhich have 
afforded a basis for several practical procedures. The obsejn'ations are that, 
Yuthin certain limits, (1) specific sei'ologic i-eactions tend to become stronger and 
nonspecific reactions weaker as the reacting temperature is increased; and (2) 
specific serologic reactions tend to become stronger and nonspecific reactions 
weaker as the salt concentration of the reacting sj'stem is increased. The prac- 
tical procedures are (1) differential temperature technique, (2) triple quantita- 
tive technique, and (3) salt dispersibility technique. 

2. Occurrence of Biologic False Positives . — The nature of biologic false 
positive reactions is still obscure. It is believed that the following two factors 
largely determine the occurrence of these i-eactions with serodiagnostic tests : (1) 
a tendency to give such reactions on the part of certain indhiduals, and this 
tendency maj* be constitutional in natui-c; and (2) some pathologic disturbance 
(fever, cancer, etc.) or biologic imbalance (pregnancy, vaccination, etc.) ser%in<T 
as tlie immediate cause of such reactions, although the reactions are encountered 
also in individuals apparently free from pathologic disturbance or biologic im- 


•From the CUntc.iI I-iboratories, L'nivcr.'ity of Slichlpan Ho.ipital 
from the United States Public Heaith .Sert'ice. 
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This article is not a review on faise positive.s and their detection The nwi-i, 
oniy the present st.atus of the verification te.st. The experimental studies’ ^ 

article i.s based were tarried on in this iaboratory in a.ssocmtion with Elir-.Vfr-tK*’?/’ 
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baliincc. Tlio oeciim>n<’i‘ (if jio.sitivc nwfioas in liu’ absciu’c of syjiliili.s is unique 
m that minty huVtvidnuk who shau- no U-mhimy to '/tvo. tlmsv roiwtkm irifJi 
serocliagnostic tests bc^^in to ^ivc' them with tlie inemise in the sensitivity of tlie 
tests, indieatiiifr that seroncfrativt* persons possess latent potentialities for inani- 
festinu: siK'h reactions. 

3. Rddtion liitivrtn Uinlnuic False Fositivis and Serolof/ir- Riactims Given 
btj Lower Animals. — Studies earned oti( in this laboratory indieati' that false 
positive reactions jiivon by human heinus and tlie positive seroloiiie reactions 
friven by iiiirs, horses, raiibits, and other aniiinds possess similar elinraeteristic-s, 
Tims, these two ty]K's of reactions are most marked (1) when the tests are per- 
formed at cold temjicrat nre (1° and (2) when the .salt eoneeiit ration of the 
reactin'^ .sy.stem is redm-ed t<j a minimtim. Thc.se findtnum si}yi:c.st that a close 
relationship exists hetwiTii hninaii and animal reactiotis of nnnsy]ihililie orieiu 
given by .serodiagnostic tests. In this laboratory, indeed, animal .sera arc com- 
monly used for studies of false posit iv(' reactions. 

4. Basis (tf Biolofiir False Fo.sitires. — Tissm- extract anligcjis of excessi\e 
■sehsitivity can be jirejiared which will give about At) jim- cent of po.sitive serologic 
reactions in nonsyphilitie person.s. If the .serologic f(\sts with excessively .sensitive 
antigens Jiro performed at cold temperature, tlie nonsjiecifie sensitivity can be 
raised to about 80 per cent. If the tests with e.xee.ssively .sensitive antigens arc 
perfonnod at cold temperature with unlumted sera (instead of with sera heated 
for 30 minutes at oG® C'.). the nonspeeitie smisitivity reaches about OS jier cent. 
Certain lower animals (horses, jiigs, chickens) also give 100 per cent of po.sitivc 
reactions when the tests are performed under the .same conditions. These find- 
ings .sugge.st that there exists a *‘imiver.sar' serologic (non.syphilitic) reaction, 
given by human beings and certain lower animals, which is best manifested under 
conditions of low temperature. It was shown before that the biologic false posi- 
tive reaction given by serodiagnostic tests is similarly best manifested under 
conditions of low temperature. Hence, it would seem reasonable to a.ssume that 
the two reactions are related to one another and llial the nnivei'sal ri'acfion may 
be the basis of biologic fakse jiositives. 

5. Biologic False Po.sitivcs in ihc Presence of Biniliilis. — Biologic false posi- 
tives may be given by persons with .syphilis. Thus, a certain pcr.son has a tend- 
ency to give false jiDsitives, let us .say, when he contracts a cold. In due time, he 
becomes infected with .sy])hili.s and he begins to give sjjeeifie reactions. Then, 
Avhen he contracts a cold, he is likely to give at the same time both .specific and 
nonspecific reactions. Should lie become .specifically sei'onegative following 
therapy, he will give onh’ the vionspocilic reaction when from time to time he 
has a cold. Also, certain ncurosyphilitic patients treated with malaria 
give specific serologic reactions before malarial thci-apy, both siiccifie and non- 
specific reactions soon after the therapy, and in due time only specific serologic 
reactions again. 

6 Technical and Biologic False Positives, — False positives are generally 
classified as either technical or biologic, but it is not always possible to draw a 
line of demarcation between them. A false i^ositive given by a supersonsilive 
test for example, may be interpreted by some as leelmieal. because the antigen 
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in this lest sliows a lendeney to give, let us say, 5 per cent of false positive re- 
actions. But the fact that 5 particular pei-sons in 100 gave these reactions would 
indicate that the sera in these pei-sons differed biologically (biochemically or 
physiochcmically) from the sera in the remaining 95 pei’son.s, thereby rendering 
those reactions biologic false positive.s. Experience indicates that any sero- 
diagnostic reaction suspected of being a false positive, whether biologic or tech- 
nical, may be investigated with the verification test. 

7. Ycrifiaitinn Results aud Cliniced Findings . — The dependability of labora- 
tory results in a given infection is generally determined by the extent to Avhich 
these results are corroborated by clinical findings of that infection. Unfortu- 
nately, verification reports of false positives cannot be corroborated by a defi- 
nite clinical indicator. Negative clinical findings of syphilis represent the 
clinical indicator of false positives, and negative findings cannot have the same 
value as positive findings. Yet. in the diagnosis of false positives, the e.stab- 
lishment of negative clinical findings of .syphilis is obvioinsly of first impor- 
tance. “When such findings cori-oborate verification results of false po.sitives. 
the significance of these results immediately becomes fortified, just as the 
significance of positive Widal reactions becomes fortified by clinical findings 
of tj-phoid fever. The verification te.st. like other lalioratory methods of an 
immunologic nature, does not lend itself to mass testing. Even Avith sero- 
diagnostic tests having a record of use for over a generation, mass te.sting is 
acceptedly m-ought with difficulties. Briefly, in the application of the verifi- 
cation test to the detection of a false positive reaction in a given case, it is 
assumed that thorough search for clinical evidence of sA-philis had led to nega- 
tive findings and that the examining phy.sician had concluded that the patient 
was most likely free from syphilis. A verification report of a false positive 
reaction in a case such as this may thus be said to be corroborated by clinical 
findings. 

THE '‘typing” of SERODLVGNOSTIC REACTIONS 


8. Reporthig Ycrification Results to PJigsicians . — The fimction of the A'eri- 
fication test is to tj-pe positive serodiagnostie reactions on the basis of their 
specificity. Hence, the results of the verification test are reported not as positive 
or negative, but only in respect to the specificity of the serodiagnostie reactions. 
To illustrate: (1) A physician receives a report of a positive serodiagnostie 
reaction in a given case. (2) He believes this reaction to be a false positive and 
requests a verification test. (3) The A*erification test deteimines AA'hether the 
serodiagnostie reaction shows characteristics of a luetic tjqie or of a nonluetic 
type of reaction or perhaps of both types. 

9. Tgpes of Serodiagnostie Reactions Encountered Y'ith Yerificaiion Test. 

(1) “General biologic (nonluetic) type"® is the designation employed rvhen 
according to the verification test, a serodiagnostie reaction shows characteristics 
of a false positive. (2) “Type of reaction similar to that obtained in lues” is 
the des ignation employed when, according to the A'erifieation test, a serodiasnostic 


U'’’" ae.-=iKnation, it is believed, is more de.sirablc than the purely negative doci,-,.,*!..- 
Of falpe positive," since in addition to indicatinj; absence of svphiHs it 
of a reaction whiclt in many instances accompanies a pathologic disturbance or 
balance. The term "general biologic" is being employed because of the 

this reaction, especially among lower animals. The term we ^ ’^'ide.spread 

able to "biologic" in designating false po5itives. .Mnce FvnhiHUc reactfnnQ' also prefer- 

are also biologic reaction?. hi., jmiuiic reactions or 'true positives" 

terms "luos" and "luetic" are employed instead of svphili<= '>n /7 , 

Kilter terms are loo obvious to the laity. ' '■ philitic because the 
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rciiction sliow.s ('Imnicti'i'istics ol' a sypliililic I'caction. (iJ) “Nc'irativc type” is 
the designation einjiloyed when t!ie n'suils of tiie veritieaf ion ti'sl arc iic'riitive. 
(4) “Ineonelnsive” is the term used when the veritieaihm results are ntypionl. 
(d) Oeea.sionally. a positive* seroiiiaunostie reaction einhodies, aecordiii'i to the 
vorifieation test. Iiolh the syphilitic ami nonsyphililic tyoes of reactions. 

10. Pniirdurcs <if tin- Vi rifunliun 7V.s7.— -(I) The* triple quantitative teeli- 

ni(jue, deserihed later, is cniploy<*d in typin'^ stronirly ]io,silive .scro- 

diairnostie reaetion.s on the basis of th<‘ir spceifieity. Three lyix-s of reactions 
arc prcnerally encountered: the liiclic type, tin* "■cneral hioloiric type, or a com- 
bination of both typt's. (2) 'J'hc <liffercntial tenip'-raturc tcelinique. also dc- 
.seribed later, is employed in the tyiiiiii: of mo<ler:itcly and weakly positive 

-! and serodia^nost ic reactions. Here also three types of reactions are 
p;enerally encountered: the litclie type, the general biolo'ric type, and a eoinbinn- 
tion of both types. (!i) 'I’lic .salt dispi-rsibility technique, due to its sinifilieity. 
is employed with all sovn. (4) The standard Kahn test :ind a modified Kalin 
procedure (Method H) :ire also cmploy<*d in jn'i-formini; verifii-ation tests. 

Tin: vniiii iCATiox ti:.st ix known casks or svrini.i.s 

11. 7'hc 1 cnfiatlioii Trs( in Ifn: Vnrions SIn/iis of fii/philix. — The vast 
nia.ionty of syphilitic ea.ses <,dve the luetic type of reaction with the verification 
test; a relatively small number "ive both the luetic type and the ^^eiieral biologic 
type. In a small iierecnlagc of ea.ses of early syjihilis, only the general biologic 
type of reaction may be encountered. In repeated examinations, as the serologic 
reaction becomc.s stronger in this staire of .syphilis, the luetic typo of reaction 
is obtained. Thi.s tcmjiorary oeeurreiiee of the general biologic type of reaction 
in earl}- .syphilis must be kept in mind when this type of reaction is reported in a 
case in which there is the .slightest po.s.sibility of the jire.sence of early .syphili.s. 
Repeated verification tests at intervals of a week or more are neces.sary. These 
tests \nll indicate the trend of the serodiagnosi ie results and will determine 
whether the general biologic tyjic of reaction persists. In the various stages 
of syphilis other than early .syphilis the luetic type of reaction is generally ob- 
tained. 

12. The Verification Text in 'Treated Casex of Sitplntis. — The common re- 
action obtained is of the luetic f.vpe. Occasionally, the general biologie type 
is obtained. Preliminary studies of verification reactions in treated cases have 
led to several observations which ijromise to jirove of clinical value. Thus; 
(1) The general biologic type of reaction is occasionally encountered following 
treatment, in addition to the luetic type, in persons who presumably show a 
tendency to give the former type of reaction under conditions of pathologic 
disturbance. It is believed that the toxic ctl'ect of the anti.syphilitie treatment 
may result in sufficient pathologic disturbance as to be the immediate cause 
of the general biologic type of reaction. If so, it is reasonable to assume that 
a higher degree of toxicity will call forth this type of reaction to a greater 
extent than a lower degree of toxicity. The verification tost may thus indicate 
variations in toxicity of different methods of therapy. (2) The verification 
test in certain seropositive treated eases is capable of indicating in advance 
tl at they Avill in due time become seronegative. This finding is based on the 
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observation that tbe formed precipitates in verification reactions show a change 
in stability as these cases begin to approach seronegativity. The precipitates, 
at first stable and indispersible, become nnstable and dispei’sible. The tendency 
toward dispersil)ility may become manifested weeks or months before sero- 
negativity is reached. This capability of the verification test to indicate sero- 
negativity in advance may be of value in the study of the efficacy of various 
methods of therapy. (3) The verification test in certain serologically fast 
cases following adequate therapy may e.stablish that the reactions are not of 
the luetic type hut of the general biologic type. 

THE ^T.R1FICAT10X TEST IX SEROXEGATHT. CASES 

13. The General Biologic Type of Reaction in Seronegative Cases . — Some 
persons who are clinically free from Bjiihilis and who give negative serodiagnostic 
reactions, nevertheless give the general biologic tiTie of reaction ivith the 
verification test. Indications are that these persons are “cari-iers” of false 
positives. Thej’’ may be seronegative with one test but seropositive with another. 
Or they may be seronegative today and seropositive a week later. Then again, 
some nonsjqihilitie persons, negative ivith serodiagnostic tests, are positive with 
supersensitive tests. Verification studies of persons giving negative sero- 
diagnostic reactions reveal three main gi-oups: (1) those giving the negative 
tjT)e of reaction, (2) those giving the general biologic tj-pe, and (3) a very small 
group of treated cases of syphilis giving the luetic type of reaction. 

THE VERIF1C.\TI0X TEST IX CASES IX WHICH FALSE POSITHES -ARE SUSPECTED 

14. Routine Applicaiilitg of Verification Test to Cases in 'Which False Posi- 
tives Are Suspected . — Experience gained with the verification test during the 
past several years indicates that the greatest value of the test lies in the investiga- 
tion of the specificity of positive serodiagnostic (precipitation or complement 
fixation) reactions in such cases in which all clinical indications point to the 
absence of sjqihilis. When the verification test is applied to such cases, the 
general biologic type of reaction may be said to corroborate clinical findings, 
while the luetic type of reaction may be said not to corroborate clinical findings. 
It is with this view in mind that the interpretation of these two types of reactions 
is considered. 

15. Interpreting the General Biologic Type of Reaction . — A single i-eport of 

a general biologic (nonluetic) type of reaction can be interpreted as a false posi- 
tive with reasonable safety, promded the donor gives a historj’- of fluctuating or 
weak serodiagnostic reactions extending for some weeks or months,- in the face 
of strongly positive serodiagnostic reactions, repeated verification studies are 
indicated to make sure that the results are persistently of the general bioloo-ic 
tj^e. A general biologic tj-pe of reaction in the absence of a serologic history 
(i.e. w-hen a person gives a positive serodiagnostic reaction presumably for the 
first time) should be checked preferably in a week or two before establishing 
a diagnosis of a false positive. * 

16. Interpreting the Luetic Type of Rcnction.—A luetic ti-pe of reaction 
obtained in a case in which clinical indications point to a false positive requires 
additional clinical studies and repeated verification tests. In our experience these 


1180 


Tin: .loritKAi. nr rAumiATOHY anu cmnicak MKirnTNi; 


clinical and vorification sliniics liavi* led lo llic r-slalilislintcnl of sypliilis in most 
instances. In a few instances clinicians have exprcssi'd tlic helief that they were 
dcalinj; with false ])osi1ive.s in .spite of jwi-si.stcnl verification reports of the luetic 
type of reaction. A transient luetie tyjje of nmelion has hee.n observed in an 
isolated nonsyjihilitie ca.se of postinfciditni or post vaccination, flic reaction he- 
cominp: of the frenera! hiolof;ic tyja* in the course of sonic weeks, AVcakly posi- 
tive serodiagnosfie I'oaetions, wliich accordiii" to the verification le.s't are of the 
luetic type, are especially diflicnlt to interpret. Itcjicaled c.vaniinntions at pro- 
longed intervals are often necc.ssary before a final diagnosis can he cstahli.shed. 

rHoci:m:ui>: 

/. Triplv Qiunitiludvt Ttrlinifinr 

AppUcahilHi /. — Tliis teehni(|uc is ajipiicahlc to sfia wliieli give strongly 
])ositivc (-;■-!-■•■+) serodiagnostic (coinjilcincnt fi.vation oi‘ pi'ecipifafion) reactions 
suspected of being false positives. 

Technique . — The technique involves the use of fiirce inianf italivo Kahn pro- 
cedures; in the first, the sei'ial dilutions of seriiin are made with distilled water; 
in the second, tlie serial dilutions are made with O.it p(>r cent .sodium chloride .solu- 
tion, and in the fliird, the .serial dilutions are made with 2.5 per cent .sodium 
chloride .solution. Dilution ratios of 1:5, 1:10, 1 ;2(), 1 .-.‘lO, 1:40, and 1:50 arc 
generally ample. Standard Kahn antigen suspension (prejiared wifli 0.9 per 
cent salt .solution) is n.sed in 0.025 e.e. amounls, and eaeli of (he .serial dilutions 
of serum in 0.15 e.e. amounts. After permitting the .st'rmii-aiiligen niixlure.s to 
stand for three to five minute.s, (lie tubes are .shaken for three minutes in the 
usual manner. Distilled water or salt solution of liie <>oncentration correspond- 
ing to that used in the .serial dilutions of serum is (lien added to the tubes in 
0.5 e.e. amounts; after agitating the tuhe.s for about ten .secotuls to mix the in- 
gredients, tlic precipitation results are read. 

jRc.uiU.s.i — Known .syjihilif ie sera generally give a higher quantitative (iter 
wdth the .serial dilutions of scrum Avith 2.5 per eeni salt solution than witli 0.9 per 
cent salt solution (luetic type of reaction). Ivnown non.syjihilitic .sera generally 
give a liigher quantitative titer Avith the serial dilutions of .serum Avith 0.9 ])«• 
cent salt solution than Avith 2.5 per cent salt .solution (general biologic type of 
reaction). 

The quantitative tiler Avilh the serial dilutions of serum Avith AA-ater throAA'S 
additional light on the type of tiic reaction in question. Thus, this (iter in a 
luetic type of I’caction is loAvcr, and in a general biologic type of reaction is 
higher, tlian the titer AA’ith 0.9 per cent salt .solution, unless both the luetic and 
general biologic types of reactions arc prc.sent. Tlicn, (lie titer Avith the serial 
dilutions of serum Avith 0.9 per cent .salt solution is loAA-er than either Avitli 
Avatcr and AA’ith 2.5 per cent salt solution. Table I presents typical reactions 
given by the triple quantitative technique. 

jyrpfc. — Sera of Ioaa’ quantitatiA’e titer are also examined in this laboratory 
Avith the differential temperature technique. The sera are first diluted AA’ith an 
equal amount of 0.9 per cent salt solution or Avith half the amount (depending 
on the quantitative titer given by the serum) before employing tlie differential 
temperature technique. 
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2. BijjcrcniM Temperature Technique 

Applicabilitu—Thm technique is applicable to sera giinng moderately and 
ivcakly positive (+ + +, , + and ±) scrodiagnostie (complement fixation or pre- 

cipitation) reactions, suspected of being false positives. 

Technique.— {!) Kahn racks with test tubes are placed in a 37° C. water 
bath for fifteen minutes before perfonuing the tests. The pipettes nece.s.sarj' in 
performing the test arc kept at 37° C.*' (2) The serum is heated for thirty 

minutes at 56° C. and is then placed in the 37° C. water bath for fifteen minutes 
before using. (3) Standard Kahn antigen is mixed with salt solution at room 
temperature in the usual manner according to the titer, and the antigen su.spen- 
sion is immediately transferred to a Kahn tube and placed in the water bath for 


Tabi.e I 

iLT-USTr.ATIVE Rf.SVI.T.S OF TrICLE QUAXTIT.VnVE Techxique 


SEUIAI. PERCEN'TAOE OF .SODIUM CHI.ORIDE .SOI.UTIOX EilFOI.YED 

Dit.uTioxs m- pREPAP.i.N'c the sep.iai, dilutions or sep.uji 

OF SF.P.UM 0* 0-9 2.0 


Luetic type of reaction 


1:5 

4. 

•f T “f 

X-^X-i- 

1:10 

- 

+ 'i' "f -r 


1:20 

- 

-f 4- 

-f-f-F-f 

1:30 

- 

- 

xxxx 

1:40 

- 

- 

4-xx-f 

1:50 

- 

- 

- 

1:00 

General biologic (nonluetic) 
type of reaction 


1:5 

+ + + + 

f-f 4"r 

t 

1:10 

+ •4- + + 


- 

1:20 

+ + T-!- 



1:30 

r + + + 

- 

- 

1:40 

4- + + + 

- 


1:50 

Ft 

- 


1:60 

Luetic and general biologic (nonluetic) 
tj-pes of reaction.s 


1 :3 

+ + ”}■ 'i' 

x-f-r + 

X X X ^ 

1:10 


X 

xxxx 

1:20 

•f -h-f-J- 

- 

xxx^ 

1:30 

'b 4- ■i* x 

- 

xxxx 

1:40 

i ^ ^ X 


XX 

1:50 

± 



1:00 

- 




nf... water. The same antigen .suspension (prepared according to titer with 0 9 

per cent salt solution) is employed with each of the serum dilutions. 


fifteen minutes. (4) The amounts of antigen suspension (0,05, 0.025, and 0.0125 
c.e.) are then deposited at the bottom of the Kahn tubes, followed by the serum 
(m 0.15 c.e. quantities'), and the mixtures shaken for ten seconds \vithout re- 
luoving the rack from the water bath. The rack remain.s in the bath for ten 
minutes and is then shaken for three minutes at room temperature. (5) Ph-vsio- 
logic salt solution kept in a 37° G. water bath is then added to each tube in the 
usual amount (1, O.o, and 0.5 c.c.) ; the tubes are agitated .STiffieientlv to assure 
proper mixing and the results are read immediately. (6) A microscope mirror 
or a slit lamp is used in the reading of results. 

*' ' j 

water bath., for this technique are .supplied by A. .S. Aloe Co., St 



1182 


Tin; .TouitXAi, or i-,vito«ATouv ani» (Tjnk'ao m!;i»utnt: 


The leclniigiie al 1® reijiiii'cs a refritreraleil Imfli at 1° V., and if not avail- 
able, an ice waier bath with claijijicd ice. 'Die .steps in ilie Icchnirpie a.s carried 
out in the 37° C, water bath are ap|die<l to tlie leehniqiie in the 1° €. water hath. 
The temperature of the Keruni and anlii'en .susjtensioii is Iminnlit to 1° (J., and the 
serum is added to the anliumi suspension and nii.v'ed at this tempernturc. Tc.st.s 
performed at 1° C. reipiire special care in readiinr the results due to the film of 
moisture eondonsed on llie outside of tlie lubes. This film tii.sappeai’s hy dipping 
the tubes in a .solution of cold aleolnd. Not more than ten tests .should he carried 
out at any one lime, either at warm or cold teniperal tires. 

Results . — Syphiiitie sera generally give more niaihed precipitation at 37° C. 
than at 1° (’. (Inetie tyj)e of reaction), while iionsyjdiilitie .sera generally give 
more marked preeiiutation al 1° (k than at H7° (general biologic type of 
reaction). 'I'ypieal illnstralioiis of lhe.se types of rea<-lions are prc.sen1ed in 
d’ahle H. It is noted tliat similar precipitation ri'sults at all Icnijicralures arc 
considered as inconel nsiv<-, 

Tahi.i: It 

li.m-.sTii.wivr. Itf.sfi.Ts or inrnie.r.STi.M. Tcmci it.erna; TreiiNiQi'K 


i:r..M"rise. Ti:MiT.i'..\Ti’i;r, 
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I-tietic type of reaction 
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tieiieral biologic (iionluelic) 
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IneoiioUisive reaction 
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+ -f 4 r f J -f 

- 

( -r + 1 
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T.\ni,r, in 


Ii.i.e.sTKATivK Knsrj.T.s OK Sai.t in.si'Ka.siiiii.n v Ti;<-nXK}es: 


niiST KKAW.VO OK f.-K.SUI.T.S OK .'STA.YIl.lUO K.IH.V TI.'.ST I.V WIUVU inlU'riOS as JfOliKCATEl.V r o.siTivr. 

Tulie 1 Tulw' C 'I'lilic 

— K + K ■! K K 

Addition of .‘>0% XnCl solution 
0.15 0.1 0,1 

Shake rack 15 seconds and jdnee for 5 ininules in water hath at 57° C 



Luetic type of reaction-— precipitates 
arc not dispersible. 

Tube 1 Tube 2 

■k t+ 


Tube ,a 


Gencral bioloyfic (nonluctic) t.vpc of 
reaction — preeipitate.s are di.spersible. 
Tube 1 Tube 2 Tube 3 


3. Salt DispersibUity Technique 

Technique 1 . — When applied to weakly positive sera suspected of giving 
false positive (precipitation or complement fixation) reactions. 

Procedure; A 30 per cent solution of sodium chloride of “reagent” quality 
is employed in this technique. The standard Kahn test is performed and the 







KAHX: VF.KIl'ICATIOX TEST IX SEKOEOGY OF SYPHILIS 


1183 


results read in the usual ■way after the addition of 0.9 per cent salt solution 
to each tube. Immediately, 0.15 e.c., 0.1 e.c., and 0.1 e.e. of the 30 per cent 
salt solution are added, respectively, to the thi’ee tubes ; the rack is then shaken 
by hand for fifteen seconds, placed in the 37° C. -water bath for five minutes, 
again shaken for fifteen seconds, and the results read. 

Besulis.— In the case of syphilitic sera, the precipitates are generally either 
the same as before the addition of the concentrated salt .solution or they are 
more pronounced. In the case of nonsyphilitic sera, the precipitates become 
dispei-sed and the results appear negative. Table III presents tj^iical reactions 
given by the salt dispersibility technique. 

TccJimgm 2 . — ^Wlien applied to all sera suspected of gi-ving false positives 
and to the several verification techniques. 

Procedure ; Due to the simplicity of the dispersibility technique, it is being 
applied in this laboratory to the triple quantitative and differential temperature 
techniques in addition to its application to the standard Kahn teclmique. Thus, 
after reading the results of the triple quantitative technique, 0.1 c.c. of 30 per 
cent salt solution is added to each tube showing a precipitate, shaken fifteen 
seconds, incubated at 37° C. for five minutes, again shaken for fifteen seconds, 
and the final results read. Similarly, after reading the results of the differential 
temperature technique, 0.15 c.c., 0.1 c.c., and 0.1 c.c. of the 30 per cent salt 
solution are added, respectively, to each set of the three tubes sho-wing pre- 
cipitates and the test is completed as in Table III. 

Results . — As a general rule, pi-eeipitates in nonsyphilitie reactions become 
dispersed on the addition of the 30 per cent salt solution, while precipitates in 
sjqihilitie reactions do not become dispersed. In early s^Tihilis and in highly 
treated cases of this disease, dispersibility of the precipitates may be noted. But 
iu the absence of clinical indications of syphilis, the dispersibility of precipitates 
indicates false positive reactions; 

Discussion of results. — (1) Dispersibilit]/ technique applied to four plus 
Kahn reactions. A definite relationship exists between the strength of non- 
specific serologic reactions and the concentration of salt solution required for the 
dispersion of precipitates. Since different four plus reactions may be of different 
quantitative titers, the precipitates in such reactioms may require different salt 
concentrations for their dispersion. In the case of nonsA-philitie sera of high 
titer, precipitates which are not dispersed in the standard Kahn test by the 
usual dispersibility teclmique -R-ill often disperse by a second addition of 0.15 
C.C., 0.1 e.c., and 0.1 c.c. of 30 per cent salt solution to the tubes. In some in- 
stances even this second amount of concentrated salt solution -will not disperse 
the precipitates of the strongly positive reactions. Hence, nondispersibility of 
the precipitate in a strongly positive reaction cannot by itself be interpreted as 
a sjTihilitic tj-pe of reaction. The dispersibility of the precipitate is a common 
property of weak nonsyphilitic reactions and is occasionally noted also in non- 
sj-philitic reactions of high titer. 

(2) DispersibilUrj technique applied to the triple quantitative procedure 
Generally precipitates in syphilitic sera do not dispei-se on the addition of 30 
per cent salt solution. Now and then a serum is encountered which gives a hir^her 
quantitative titer in the serum dilutions uith 2.5 per cent salt solution than in 
the serum dilutions with 0.9 per cent solution (suggesting a luetic tvpe of reac 
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tioii), hut wiiicli shows (lisjH'rsiiih* piTcijtifntrs in nil l\ihcs on llif addition of the 
30 per rent salt solution. It is helieved that sucli dispei-sihility is strou'jly .su"- 
frestivc of a false jiositive reaelion. In instances in whieli only the })iTeipitat€.s 
in the hi<rhe.st serum dilutions .show dispeJ'sihilily wliih- the precipit}ile.s in the 
low serum dilutions d<j not .show dispersihility, the reactions are "ctiendly of 
the .syphilitic type, noted jiarlicularly in treated ca.se.s. 

(3) Di.spcrxihiliti/ IrclntiqiK (ippUtd to Ihr rniliiil inupcntlurt procr- 
durr. l)isi)ersil)ility of jirecipilntes in reactions obtained at 37* and 1* C. is 
tlio common jiicture ]>resenled hy false po.sitives, In .syjdiilitic cases, the 
preeijiitatcs are ■renerally not dispensed in reactions obtained at 37* C. hut are 
dispersed in reactions obtained at 1° altlamyb they may not he dispensed also 
in the latter reactions. 

/. Mtlhod n 

Method B consists of performing the standard Kahn te.st as usual with the 
e.xception that, after the Iliree-mimite shaking' jieriod, .sodium chloride .solution 
of 2.5 per cent concentration instead of O.i) per cent is added to tlic tubes in the 
regular amounts of 3.0, 0.5, an<l 0.5 e.c., respectively. AVlnui this method is 
applied to doubtful .scrodiagnostie reactions, it is fre(iuently ob.servcd that in 
nonluetic cases the results are weaker than those given hy tin; standard Kahn 
te.st, while in luetic eases the results are the .same or stronger. 

5. Combined L'ttc of the Serrnil Vcrifieotion 7Vr/(niV/»nv in Practice 

'When a blood specimen reaches this laboratory for a veiification te.st, the 
scrum i.s separated from the clot in the usual w.-iy, cheeked for clarity, lieatcd 
for thirty minutes at 5G° C., reeheeked for clarity, and witliin about ten minutes 
after the lieating period, the following preliminary tests are performed: 

1. The standard Kahn test. 

2. Method B, which consists of the standard Kahn lost, in which the 
diluent added to the tubes after the three-minute .shaking period (3.0, 0.5 and 
0.5 e.c.) consists of 2.5 jier cent salt solution instead of 0.9 per cent. 

3. Salt dispcrsibiliiit technique. The results of the .above two tests arc I'ond 
and recorded, and without waiting fifteen minutes foi- rereading, 0.35 c.c., 0.3 e.c., 
and 0.1 c.c. of 30 per cent sodium chloride .solution arc .added respectively to the 
three tubes of each test, shaken fifteen seeomis, ]>laeed for five minutes in a 
37° C. water bath and for two to thi-ee minutes .at I'oom temperature, shaken 
again for about fifteen seconds and the i-esults read and recorded. 

The results of tlic above three tests arc taken into consideration before pro- 
ceeding with the additional techniques. 

In the case of wcaldy positive reactions: If Metliod B gives weaker results 
than the standard ICahn te.st, it is indicative of a false positive reaction; and in 
such a case, the salt di.spcrsibilit.v technique will lead to dispersion of the pre- 
cipitates and to negative results. The differential temperature technique is then 
performed for confirmation and is likely to give a nonluetic t.vpe of reaction. If 
Method B gives results which are the same or stronger tlian those of the standard 
test the precipitates are generally not dispersible and the differential tempera- 
ture technique is likely to give a luetic type of reaction. The application of the 
d' ersibility technique to completed differential temperature reactions eommonl.v 
o'ives additional confirmation of either the luetic or nonluetic types, as the case 

may be. : 
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In the ease of stronglij pnxitivc rcnctwns: The ix-sults of the standard Kahn 
test and of ]\[ethod B arc equally four plus and the preeipitates may or may not 
be dispersed by the concentrated salt. The triple quantitati%-e technique is then 
performed, the results read, and the salt dispersibility technique applied to the 
completed reactions. Typically nonsyphilitic patterns Yuth the triple quantita- 
tive technique are "cnerally confirmed by complete dispersion of the precipitates. 
Inconclusive patterns with the triple quantitative technique which show dis- 
persibility of the pi’ccipitates indicate nonsyphilitic tj^pe of reactions. Rarely 
one encounters a syphilitic pattern in which the preeipitates become di.spersed. 
It is believed that in such in.stances (in the ab-sence of clinical eridence of 
sjphilis) the reaction is in all probability of the nonluetie tATpe. 

In the eaxe of ncfjntivc reactions: The differential temperature technique 
is employed to determine if a reaction is obtained at 1° C., generally giA’en by 
“carriers" of false positives, or at 37° C., occasionally obtained in highly treated 
cases of .syphilis.® 

AX EXPLAXATORY STATEUEXT TO PHYSICIAX.S OX ATniFICATTOX REPOKT.S 

In this laboratory-, the folloAving statement on interpretation is submitted 
to physicians with each verification report : 

The verification test is a supplementary procedure to serodiagnostic tests; its function 
is to "type” positive serologic (precipitation or complement fixation) reactions on the basis 
of their specificity; in practice, the test i.s applicable to cases in -srhich physicians suspect 
false positive reactions vritli complete lack of clinical indications of syphilis. 

1. “Type of reaction similar to that obtained in lues’’ is reported when, according to the 
verification test, the positive serodiagnostic reaction shows characteristics of a specific reaction. 
This type of reaction is commonly noted in known, cases of sypliilis. 

2. “General biologic (nonluetie) type of reaction” is reported when, according to the 
verification test, the positive serodiagnostic reaction shows characteri.stics of a false positive. 
This type of reaction is commonly noted in non.syphilitic cases. 

(1) General biologic (nonluetie) type of reaction in seronegarhe cases. Cer- 
tain nonluetie persons, although giving negative reactions with serodiagnostic tests, 
may give the general biologic type of reaction with the verification test. These per- 
sons are looked upon as potential "carriers” of false positive reactions, giving 
such reactions off and on with serodiagnostic tests and more frequently with super- 
sensitive tests. 

(2) General biologic (nonluetie) type of reaction in treated cases of syphilis. 
Persons who have a tendency to give false positive reactions may e.xhibit the same 
tendency after they contract sj-philis, and the verification test will then demonstrate 
the presence of both the luetic and general biologic types of reactions. Pollowing 
therapy, as these persons are approaching seronegativity, they miiy give the general 
biologic type only. 

3. “Negative type” is reported when the re.-^ults of the verification test are negative. 
This type of reaction usually accompanies negative serodiagnostic reactions. 

4. “Inconclusive” is reported when the verification results are atypical. 

5. Exceptions: 

(1) In isolated instances, physicians have claimed nonspecificity for a given 
positive serodiagnostic reaction in .«pite of persistent verification findings of the 
luetic type. 

(2) Transient reactions of the luetic type have l>een observed in a small per- 
centage of seropositive (nonluetie) e.ases following infection or immunization. 

(3) Tramrient reactions of the general biologic type have been observed in 
a small percentage of known cases of early sy-phili.s. 

hate. verification test with super.-=en.ritive antigens wHl be reports at a later 
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InOri'df rf ((■,‘cfiiii;, \Vlifi>i'V(>r vcritii-atum ri“'Hlt.s <I<» luit cfiitfurw ('i ('litiic.'i! oji'mion or 
whoiicvcr tlioro i.'i n <ni('<-tiriii nf t!i(> of it i' of itiijxiOnneo to rf- 

peat tile venficntion test at itifervals of weelax iii«i«':iil of ilays. Interval reie-tiriK 'vill estab- 
lish the serdloffie trend in (jiie-tirmrilde eases uifli far fjri-ater deneiidahility than irnmeliate 
retest inf,'. 

Sr.MMAUV 


Koiispocifie tijitl sjirciflc sefoloiric rcacfioiis .show .similar clinr.'ielcriHlic.s with 
modovn Kcroditifriiustir (prt'eipihitioii jm<l {•oiiijrU'iin'iif lixtilimi) tests for syiihiVis; 
liciK‘0, lliese lest.s do not offer a praclietil mean.s for the delectioii of ftilse [losifive-S 
in rotilino .soroloeie ])r;ieli(>c. Slndie.s earried ftiK in litis laitoratory on dif* 
ferentinl eliaraetcrisfies of nonspeeititr ami speeifie .smadoyie retietions led fn 
the observation that the.so reactions have difiVrenl lem|)er:iliiri‘ ami electrolyte 
roqnircmenls for optimal re.-ielivity. This ohscrv.-tlioii, in turn, led to the de- 
velopment of .several jtroeedttres eapalile of delermininir wlndher eerlaiii .sero- 
diaernostic reaetions posse.ss (‘haraeleristie.s of .speeifie or mmspeeifie mictions, or 
of both types of reactions. 1’hese procedures (termed verifietilion fe.st) “typo 
scrodiiidno.st ic reaetions on tin- basis <if their .speeifieily ami are of praetieal value, 
especially when tipjdicd to iht' typiofr of .sentposifive cases that arc? free from 
cliniettl indications of .syphilis. M'hon applyimr the verifietilion lest to sneh ca.sc.s. 
nonlnefie type of reaetions mtiy he looked upon as heiny eorrohortitcd by clinical 
opinion, and tlie diafrnosis of “fal.se positive’’ can then he made wilii rea.sonahic 
certainty. 
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CLINICAL AND EXPERIMENTAL 


THE PRODUCTION OF CHRONIC HYPERTENSION IN DOGS 
BY PROGRESSIVE LIGATION OF ARTERIES 
SUPPLYING THE HEAD* 


H. R. Fishback, Sc.D., ]M.D., Fr.vxk E. Dutra, H.S., M.D., ano 
Edwin- T. MacCamy, ]M.S., M.D., Chicago, Iia.. 


T he puzzle of the etiologic relationships of high blood pressure has provided 
the impetus for quite varied and extensive research. The trend of this 
work has changed through the years, but there have been two conditions under 
investigation quite constantly ; namely, arteriosclerosis and kidney disease. 

^Yhile arteriosclerosis is commonly found with chronic hypertension, it is 
not invariably demonstrable. Furthermore, there may be quite extensive 
sclerosis, especially of the large vessels, without elevation of the blood pres- 
sure. Sclerosis of arterioles has been stated to be quite generally present in 
chronic hypertension. Gull and Sutton^ believed this to be the essential patho- 
logic change, alterations of kidneys or other structures being considered as 
secondary to it. Several studies on the distribution of arteriosclerosis have 
been made on autopsy material with varied interpretations of the significance 
of the findings.^’ ^ 

Clinical investigation has been carried out by sections of specimens from 
the skeletal muscles,® from the standpoint of correlating sclerosis of arterioles 
ivith hypertension. Study of the retinal vessels is easily carried out, and often 
the changes found are not only diagnostic of hypertension but may indicate 
definitely the type of hjqiertension.® Such changes may be found to indicate a 
former hypertension even though the pressure at the time of examination is 
found to be lowered.' 

Pathologists have long noted, at autopsies of individuals Avith hyperten- 
sion that gross evidence of arteriosclerosis often is marked in one organ and 
absent or only slight in other organs. Sclerosis of the aorta or its large 
branches is not necessarily associated u-ith organ changes. The three impor- 
tant structures involved frequently are the kidneys, brain, and heart. In 
explanation of this association it rvas usually said that these were “vital” 
organs and that arteriosclerosis in any such organ was accompanied by in- 
creased blood pressure, in order to drh-e sufficient blood through it to main- 
tain life. 

This simple mechanistic explanation is disputed by the work of Pa^e® and 
lus co-workers, who interpret their results as indicating the formation'" of the 
specific substance “renin” by a damaged kidney, the renin then being ehano-ed 
by a b lood activator into the effective antiotonin, which increases blood pres- 
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sure. As a result ol liis extensive an<l important work on hyperteiiKion, Gold- 
blatt,' also, believes that the iniliatinu prinei))le tierives from the kidney.s 
exclusively. 

Only one short note'" lias i»een fonml eoneerniii” the production of elironie 
hjportension by operative noluetion of blooil (low to the brain. Ob.servatioii.s 
of the acute rise ot blood pre.ssure with .sudden decrease of the eerehrnl blood 
supply” have lotif; been on leeord. The in.ieciion of kaolin int<i the eistenia 
niagna has been found to result in hypertensi(*n.'- This is believed to he as- 
sociated with a conununieatinfr tyj)e of hydrocephalus, with impaired drainage 
of the corcbrospinal fluid throufrh the }»erineuial atid j)erivaseular lymphatics, 
although in rats the tlui<l content tif the brain ti.ssue was not increased.” 



KIk. 1. 


Wc have been interested, over a period of four years, in the effect on the 
blood pressure of a scries of arterial li«rations in dogs planned to lessen the 
blood supply of the brain. The ligations wei'c done in stages, the sequence of 
operations being changed from time to time. Tlie total series included the 
ligation of both common cai'otids in the region of the sixth cervical vertebra, 
and their di.ssection upward including the dissection, ligation, and excision of 
all branches as far out as possible from the bifurealion. Both carotid sinuses 
Avere completely removed. Also, the vertebral arteries were ligated just distal 
to their points of origin, and in the suboeoipital region just before they enter 
the vertebral canal. Afterwards, various exploratory operations were per- 
formed for the ligation of any anomalous or collateral arteries Avhich could 
be found. 



I'ISItBACK ET AL.: CHKOXIC HYPERTENSION' 


1189 


As might be expected, the mortality in such a long series of operations 
Avas quite high, but decreased ■with knowledge of when and how to do the 
ligations. A total of 47 dogs has lieen used, with 10 of them successfully car- 
ried through the series. 



Fig. 2. — Dog 1. 



Blood pressures were taken by direct puncture of the femoral arterv with 
a twenty-gauge needle connected through a three-way valve with a "lass 
syringe and an aneroid manometer (Fig. 1). Five per cent sodium citrate 
solution was drawn up into the syringe and forced out into the rubber tube 
so as to fill the glass bulb about one-third full and raise the manometer pres- 
sure to about the expected blood pressure of the animal. With the .stopcock 
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turned so as to allow blooti to show in llie citrate of the syritifrc, tlic needle was 
inserted into the iVinoral artery and the stopcock then turned to eonneet the 
needle witli the pressure system. The iiiarKtmeter pointer oseillateil from four 
to six points on the averairc, and the midpoint «)f the oscillathms was taken ns 



fjk. r.,~DoK: o. 


the mean blood pressure. With a period of training the clogs became accus- 
tomed to the puncture and would lie quietly while it was carried out. Large 
dogs, usually of the police dog breed, were used. 
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The type of blood pressui-e response to the ligations, together wth the 
time relationships, are shown in the accompanying graphs. Eight of the ten 
animals carried through the operative series showed a definite, and some of 
these a marked, rise of blood pressure. This ranged from controls of 100 to 



Fig. 6. — Dog 7. 







120 mm. Hg usually, up to high points somewhat over 190 mm. H" The 
Illustrate the somewhat irregular curves, with variables up to 20 mm TT^ 
Such variations occurred from day to day. often for no acermtitnUi ' 

Two of the ten dogs showed no sustained rise of prc.ssure. ^ I’eason. 
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Several -workers have reported acute experiments with the production of 
hj'pertonsion bv section of the aortic depressor nerves”’ ’■” together Avith 
denerA'ation of the carotid sinuses. Chronicity of this hypertension has been 
reported but others^^'- -= haA'e failed to produce chronic hypertension by 

this means ; this result is shown in our work also. 

In four of our ten animals we completely removed the sinuses before the 
vertebral arteries were sectioned in the occipital region, so that the circular 
tion to the brain ivas not diminished by their removal. In the graphs of Dogs 
2 and 4 the blood pressure is shoAvn to be uninfluenced by removal of the 
carotid sinuses, Avhereas hypertension rvas established later, after the A'ertebral 
arteries had been occluded in the occipital region. Experiment on Dog 8 ivas 
started by denervation of both carotid sinuses as a .single operation. This 
was done on each side by stripping all nervous and fascial tissue from the 
common carotid and its branches for a di.stanee of two or more cm. from the 
bifurcation in all directions. Xo rise of blood pressure occurred rvithin six 
Aveeks. Over a period of five months the series of ligations Avas performed on 
this dog, Avhich developed a heightened blood pressure a Aveek after the last 
operation. Experiment on Dog 9 Avas begun Avith removal of the right carotid 
sinus, complete denervation of the left one, and ligation of the left cranial 
thyroid artery. Xo rise of blood pre.ssure occurred Avithin tAvo Aveeks. Both 
vertebrals Avere then tied in the occipital region. After tAvo more AA-eeks both 
vertebrals and both common carotids Avere operated Ioav in the neck, and a 
pronounced blood pressure increase deA'eloped. 

We believe that denervation or removal of the carotid sinuses has no sus- 
tained effect on the blood pres.sure.^* 

The rise of blood pressure Avhich occurs after multiple cerebral artery 
ligations appears to be directly associated AAith the interference Avith cerebral 
circulation. 

In the dog, cerebral ischemia is difficult to achieve and still more difficult 
to maintain. Andreyev” has studied the development of cerebral collaterals 
formed after interruption of the ma.jor arterial supply to the head. By injec- 
tion and x-ray he demonstrated quite .strikingly the large number of collaterals 
promptly formed and the arteries involved in their formation. Multiple ex- 
ploratory operations on our dogs revealed that ncAvly formed arteries de- 
veloped Avith a falling blood pressure curA-e. We are led to belieA’e that once 
a high blood pressure has been dcA-eloped by our method, a sustained drop of 
pressure in an otherwise healthy dog indicates the formation of collateral chan- 
uels supplying an adequate amount of blood to the brain. 

The mechanism by AA-hich hypertension is produced by arterial-ligation 
ischemia of the brain is not knoAim. Either a neiwous meehani.sm or a humoral 
one may be aetiA'c. Anrep and Starling-^ demonstrated that a neiwous mecha- 
nism can initiate hjqiertension in acute cerebral ischemia. This hypertension 
Was prevented by section of the cord betA\-een the A-asomotor centers and the 
sympathetic outfloAv. The humoral factor had been ruled out. 

Page and his co-Avorkers have brought foi'Avard CA-idenee to indicate that 
constriction of the renal arteiy causes the kidney to produce a humoral medi- 
ator of hypertension.^ Similarly, the liA-pertcnsion produced by cerebral arterA- 
ngation may re.sult from a hA'perten.sive substance formed in the ischemic 
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lirain. To date no woric beariiij,' on the i)re.senee or i(Jentity of .such a sub- 
stance has l)eon ])eii'oniuHl. 

SCMMAItY 

Chronic liypertcnsion lias licen produced in dops liy libation, in scne-s, of 
tlie arteries supplyine: tlie liead. 

Kenioval or manipulation in situ of the carotid sinuses alone has no ino- 
lon^cd efiVet on the blood ju'cssurcof dctfis. 
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THE HUJIAN SKIN AS A CONDUCTOR OF 60-CYCLE ALTERNATING 
CURRENT OF HIGH INTENSITY, STUDIED ON 
“ELECTROSHOCK” PATIENTS* 


Haxs Lowexbach, jM.D., axd Jasper E. jMorgax, Ph.D., Durham, N. C. 


T he human skin as a conductor of alternating- currents has been the subject 
of many studies,* and it was soon shown that it does not act like any ordi- 
nary conductor, either metallic or electrolytic. These studies, however, were 
limited to currents of ten to fifteen milliamperes or less, partly because of the 
pain produced and partly from fear of causing lasting damage. While cur- 
rents of higher intensity have been used on the skin of corpses, these experi- 
ments were unsatisfactory because of the probability that lining and dead 
skins behave differently. Some infm-mation has come from indu.strial and 
domestic accidents, but it is far from precise and is frequently -vutiated by 
er-roneous computations.* 

A method has been recently developed of treating mental patients with 
strong electric shocks applied directly to the head, so as to produce a minor 
or major convulsion.* This has provided an opportunity for extending these 
experiments and making more precise measurements. 


METHODS 


The apparatus used for treatment is very simple, consisting of a mechanical relay to 
make and break the circuit, the timing of rvhieh is controlled by a condenser.-* Round copper 
plates, 5 cm., serve as electrodes and are attached to the head with even pressure, after a 
small amount of electrode jelly (sodium chloride, glycerine, tragacanth, and water) has been 
rubbed into the skin. In some experiments the jelly was omitted. In the first series of experi- 
ments the skin resistance of 31 patients was observed during 98 single treatments. Before 
the “shock" current was passed, a potential difference of about 20 microvolts was applied 
through the electrodes, and the resulting current was recorded with an ink-writing oscillograph. 
The impedance, that is, the potential difference divided by the current, was easilv determined 
from a calibration chart. 


The impedance-testing circuit was then disconnected, and a voltage varying from 50 to 
120 volts Was applied through the same electrodes for intervals of i/j,, to of a .=econd. The 
“shock” current was recorded by another ink-writing oscillograph during the time of current 
dow. The ink-writing oscillographs were adapted from tlic Grass electroencephalograph bv 
using only the final power amplifier for each section. 

After the relay had broken the current, twenty microvolcs were again ajjplied to the 
electrodes as quickly as a hand-operated switch would allow. The impedance was then recorder] 
for various times, sometimes extending over 15 minute.-;. In a second series of e.xperiments the 
“shock” current was recorded by a Matthews oscillograph capable of following frequencies up 
to 15,000 cycles. This was done in order to see whether the form of the current at anv time 
deviates from the sine form. 


. ‘From the Department of X'europsj’chtatry and the Department 
Ulilversily School of Medicine, Durham, N. C. 
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itisin.TS 

In ngrccniojit with previous workers who niiiile oljservnlions with Imllislic 
instruments, “ we liiul that the current resulting from the application of voltages 
between 50 and 120 is much higher than expected from the impedance orig- 
inally found. Almo.st immediately after the tnirreiit is made, the inipcdntice 
falls and remains at a low level during the entire time of current flow. 
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Fi^T. 1* — Skin re.*?l.stnnce to SO volt^ A.C. X'vprr jmrt: OdfrlnaJ tmcInjr.M of itkln rOvSlstnncc 
to 20 microvolts before nnrt after “shock** and tracing- of ciirrent during “shock/* Loxerr part: 
resistance curve as derived from these tracings. 


If the initial impedance is 2,000 olims or less, it drops to a value between 
300 and 120 ohms (Fig. 1). Tlie exact value dc])onds on how many volts arc 
given, the lower values occurring after liiglier voltages. WJien tlie current is 
broken, the impedance rises again. Frequently tliere is an initial sudden ri.se 
of the impedance of SO to 150 ohms, but in other cases the rise lakes place 
gradually. It then increases slowly over a period of many seconds, and finally 
approaches the original value a.symptolically. After lower tensions tlie ])re- 
"shock” impedance returns 3vit.liin a shorter interval of lime tlian after higher 
ones. A second shock, given bcfoi-e tlic impedance lias reached the original 
value produces the same current as the previous one ; that is, no .further drop 
of the impedance occurs. If all other components are the same, the drop occurs 
almost instantaneou.sly, and during the next 2 to 3 cycles only a slight further 
decrease takes place (Fig. 25). If, however, the resistance is liiglier than 2,000 
ohms to begin with, as for example Avhen mo electrode .ielly is being used, the 
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2. — Oscillograms (Matthews’ oscillograph) of 100 volts A,C. (a) passing through 250 ohm 
wire-wound resistance; (b, c) passing through human skin. 
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Fip. 3. — ^\’'olla.ge/current for G patients ^ vuju'^es iv»rT»ea 

90 hours; corpse 2, for 21 hours; corpse 3. for 3 hours. Thf* dron nftHo t>een dead for 

higher tensions are applied is larger in the living skin than in th^ d\'in^«iff« ■when 

rent cun,'c of the latter tends to approach a straight lln^ ' ’ -Kin. The voltage/cur- 
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curroiil iiicrciisrs vory »ni(]u:illy. and assuinin}: llio saiiu' tinio of l•url•f■nt flow, 
it may novor reai’li lln> saino Jiiuh Irvfl as olhrrwiso (Fit:. ‘2r:). 

No deviation from tlie sine form wa.s ohservi'd in tliese experiments, aiKi a 
few roeordiiif'.s wifli a eatliode ray oseillo*rrnp)i [)oiiil in tiiesame direelion. 

The livin" skin tlien heliaAVS like an eleetmlyfie eomlenser uliieli liroaks 
down when tensions above .oO volts are applied. The impedam-e of the miin- 
.iured dyinp skin of the corpse is of the same order of mai'iiitude as that of 
livinpr .skin for tensions ii]> to of) volts. If hitrher tensions are applied, tlio 
impedance of dyiiijr skin does not dnvp to such h>w values as are observed 
under livinfr eojiditions. The !ontr<‘r the time after death, the le.ss the drop, 
until finally the voltafre/mirrent curve approaelies a straight line (Fijr. 8), 

Thus, it seems obvious that the .sometimes elaborate attempts to measure 
the resistance of the skin before an electric .sho<-k treatment are not nece.ssary. 
With electrode .jelly and the electrodes in [rood contact, the resistance will 
usually bo beloAV 2,000 olims and. dnrin” the lime of current flow. Aviil be be- 
tween loO and 2.00 (dims. 

.str.M,MAKV 

The reactions of the liviii>r human .skin ns a conductor of (iO-c.veie altenial- 
inp current up to 1,000 millianiperes was studied on .‘il mentally ill individuals 
in 98 experiments. When 00-120 volts are <riven for 0.1 -0.4 see., the impednnec 
drop.s in.stantaneousl.v to a value between 270 and 120 ohms reKardle.ss of the 
original impedance, jirovided this is kept at or below 2.000 ohms. Under tlie.so 
circuni.stancos there is no further change of the impedance during the time of 
euvreut flow. When the current is bridceu. the ini])edance — to 20 microvolts — 
rises suddenly 80-1.90 ohms, depending on the “shock” tension applied; it then 
increa-se.s over a period of many .second.s. approacliing the original value 
a.symptotieally. The skin of human corpses ivacts similarly to that of living 
individual.s, but the impedanee drop is le.ss the longer the interval between the 
time of death and of examination. 
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SOME NEW ASPECTS OF }*IORPHINE ACTION; INFLUENCE OF 
PROSTIGMINE ]\IETHYLSULFATE ON EXCRETION* 


Doxald Slaughter, C. R. Treadwell, Ph.D., axd J. We-Sley Gales, M.D. 

Dallas, Texas 


I T IS now well knoMTi (Gross and Thompson') that the greater pai-t of an in- 
jected dose of morphine sulfate can be recovered from the urine and feces of 
accustomed and nonaccustomed dogs. The.se authors pointed out, however, that 
a large part of excreted moiphine was bound or conjugated and had to be 
hydrolyzed before it could be recovered. 

Further, there is evidence- which indicates that prostigmine methylsulfate 
alters the aceustomingf (tolerance-inducing) properties of moi-phine in dogs. 

Recent work^ suggests that prostigmine methylsmlfate enhances the analgetic 
effects of morphine in cats. If this is true, the reason for the enhancement may 
lie in the action of prostigmine methylsulfate on the conjugation, destruction, 
and excretion of morphine. 

For these reasons it seemed adm-sable to determine if the excretion of 
moi-phine was influenced by prostigmine methylsulfate. We were particularly 
interested in ascertaining whether prostigmine methylsulfate altered morphine 
excretion during withdrawal of morphine, comparatively, in acciLstomed and 
nonaccustomed animals and to note if the amounts of free or combined morphine 
were materially changed. In order to test such a hj-pothesls, both accustomed 
and nonaccustomed animals were used. 


TECHXIQXJE 


The animals used in this study were all healthy female dogs. They varied 
in weight from 8 to 17.7 kg., but animals of similar weights were paired so that 
the difference in a pair (one accustomed and one nonaccustomed animal) was 
never greater than 2 kg. Five accustomed and five nonaccustomed animals 
Were studied. A routine as outlined by Pierce and Plant^ was followed in main- 
taining the dogs on a con.stant water and caloric intake. During a 6- to 7-day 
control period and during a 6 day excretion period, the normal body weights of 
the.se animals were not materially altered. The accustomed animals had prern- 
ously been receiving 20 mg.Ag- of moi-phine sulfate daily for 10 months or 
longer. 

As mentioned above, one point of intcro.st in thi.s .study was to compare the 
level of morphine excretion during withdrawal in accustomed and nonaecu.stomed 
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dogs !nul In Dote wlijil iiifiiR-iico, if ;iiiy, {»rostiuiiiiii<* niotliylsiilfalo lind on the 
aiiionni and foian of inorpliiiio rxcrcfod. In <ird(‘r to adiMjuatcly afroini^lisli this, 
the following jiroeediire was used: each animal, whetlicr accnslomed or aon- 
accnstonied, received snhcntaneons doses of 2t) intr.. K'lr. of morphine sulfate diiily 
for an arbitrary three-day jieriod. Then each animal was withdrawn for three 
days following the last dose. 'I’he morpliine (‘Xcrelion over this period of six 
days constituted the control v;dnes. With these values wen; compared the 
amounts of morphine excreted after the .s-amc sidicitlancous dose of moridiiiio 
and over the same j)eriod hut with the addition of prostigmine methylsiilfatp 
in subculaneon.s doses of 0.2 m<r./kg, administered In cmijnnelion with the 
morjdiino as avcII as during the withdrawal period. The 2-t-hour output of A'rcs 
was collected once daily. The animals were cathelerized twice dail.v, and the 
urines were pooled, comprising the 24-hour output. The 24-hour sami)le of urine 
was analyzed individually for free and comhined mori»hine, and the 24-hoiir 
.sample of feces wn.s analyzed for total morphine. 

The extraction of free and of comhined morphine after hydroly.sis in the 
urine and the analysis of total feeal morphine was carried out as dc-scrihed 
by Gross and Thompson.* The morphine was rh-termined tsdorimetrically by 
the diazotizntio!! i)roeedure originally oiitlined by J’ierce and J’lant.* Known 
amount.s of morj)hinc Avorc added to urine and feces. We weie. easily able to 
detect such known amounts and thus c.stabli.sli the validity of tlie method em- 
ployed. Control diazotization e.xperiments showed that prostigmine mcth.vl- 
sulfate did not in any Avay alter the dctcrminalion of morphine by this method. 


nnst'i-T.s 

Table I summarizes the efi'cct.s of prostigmine metliylsulfalc on morphine 
excretion in accustomed and nonaceustojned animals. It is obvious that the 
total per cent of in.iccted morjihine excreted in urine and feces is reduced when 
prostigmine mcthylsulfale is administered with the morpldnc sulfate. This 
total dilTcrcnce is about the .same in both groups of animals although there is 
a tendency for a gi'catcr di.sjmrity in tlie accustomed dogs. If the le.ssenod excre- 
tion of moi’phinc is broken down into component parts, the decreased urinary 
excretion in the nonaccustomed dogs is retlcctcd almost two to one in the com- 
bined, as compared Avith the free form as .slioAvn in the folloAving analysis. 


ANALYSIS OF TAULK I. UKINAKV .ArOKCHINM OUTPUT 

Under prostigmine mcthylsulfate the total percentage reduction in the 
urinaiy morphine excretion in nonaccustomed dogs (NA) Avas 17.6 per cent; 

in accustomed dogs (A), 17.2 per cent ; 100 17.6 per cent and 

69.1 - 57.2 


69.1 


X 100 = 17.2 per cent. 


oa.J. 

From Tabic I avc .see that the actual percentage reduction of urinary mor- 
phine output under prostigmine is; For NA dogs, free 4.2 per cent; cowl). 7.6 
per cent; for A dogs, free 5.0 per cent; cojh6. 7.0 per cent. (Since fecal excre- 
tion represent.s only a small percentage of total excreted morphine, it ls not 
considered in this analysis.) 
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The difference betAvcen tlie reduction in free and the reduction in combined 
morpliine outputs Avas gi-eater in NA dogs than in A dogs. Expressed as per 
cent of the reduction in free form for NA dogs, this difference Tvas 81 per cent 
of the reduction of free form, ndiile for A dogs it Avas 40 per cent of the re- 

duction in free form ; i.e., ■ ' x 100 — 81 per cent, etc. 

The percentage reduction of excreted morphine after prostigmine methyl- 
sulfate AA’as for Free Jlorphinc in NA dogs, 28 per cent ; in A dogs, 34 per cent ; 
for Comlined Morphine in NA dogs, 14.6 per cent: in A dogs, 12.8 per cent- i e ' 

15.0 - 10.8 ^ .t ? • V 

X 100 = 28 per cent, etc. 


Table I 

Effect of Pkostigmixe AIethvlsulf.ite ox Mop.phixe Excketiox ix Xox.\ccr.STOiiED (XA) 

AXD Accustomed (A) Dogs 

(Values Eepresent Average Per Cent Recovery of Total Dose of Morphine Administered) 
(All Animals Received 20 Mg./Kg./Day of Morpliine for .3 Days) 


:>umbee OF 
.AXniALS 

PF.OSTIG- ! 

MIXE 

JIETHYL- 

SULF.ATE 

MG./KG./DaVT 

TOTAL 
UTJXE + 
FECES 

1 

TOTAL 

% 

URINE 

1 FREE 

1 % : 

i 

COMBINED 1 
% 1 

FECES 

% 

NA 

A 1 

NA 1 

n 

NA ! 

A 

NA 

A 

I .XA 

A 

XA 

A 

NA 

A 

5 

5 

0.0 

0.0 

71.8 

75.8 

67.2 

69.1 

15.0 

14.7 

52.2 

54.5 

4,6 

6,fi 

5 

5 

0.2 

0.2 

61.1 

62.4 

55.4 

57.2 

1 10.8 

9.7 

44.6 

47,5 

5.0 

5,2 


Table IA 


OUTPCT OF PPXE AXD COMBINED MOKPHIXE IX Tep.MS OF TOTAL DbixaP.T OUTPUT AS 100 

Pee Cext 


“PROSTIGMIXE” 

TOTAL % 

free % 

COMBIXED % 

NA A 

XA A. 

XA A 

0.0 

0.2 

100 100 

100 100 

21.3 21.2 i 

1 19.5 17.0 j 

78.8 

S0.5 S3.0 


The percentage reduction in amount of excreted, free morphine is slishtlv 
greater in A dogs than in NA dogs but is probably not significant. Tbe'per- 
centage reduction in amount of excreted, combined morphine is .slightly less in 
A dogs than in NA dogs, but the difference is also probably not siraificant 

If the figures are expressed as fractions of total iirinaiy morphine found 
instead of fractions of the administered morphine, the urinam- fimires of TiWa t 
are as folioAvs : { See Table IA.) ' " ^ 

Belafive changes: Free morphine output reduction bv* pro-stimnine methvl 
^^a,e NA vs. A NA dogs, S.5 per seat, A dogs.'l^S por^ Hot.' 

on a basis proportional to the total morphine found, relative reduction of f.!! 
moi-phine output iiy prostigmine methylsulfate is 2 to 3 times as -reat in 4 rlni. 
as m NA dogs after prostigmine methylsulfate. There appears to he e ,* i 
mcrcasc of output of combined morphine after prostigmine methvlsulfate^ 

A dogs, 3.6 per cent ; in A dogs, 5.3 per cent. . sulfate: m 

By way of explanation, the thought arises that T>erlinr.c .• 
sulfate has less action on the csctctoiy mechanism than it Ss' m' 
stage of morplune action and metabolism. That is, that the pr^onion oltZ 
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and coinhined inorpliiin? is itn indcficndiTif fiictor ns fur its jiroslipniiic larlbyl- 
.s’tilfafe is conrornrd, and tiiaf any variafion is niorr ii J'lnn-lion of the totnl 
amount oxcrriod ratiicr than total dt)S(* adminiKl<Tcd. Wlirii total cxciTtcfl 
inorpldno of cillKT ucciisfonicd or nonact'iistoim'd ariiinals is (‘onsidoml, w see 
that after pro.sliomiiie metljylsnlfate, 17 |ier rent less is exereted, 

niscj-ssioN" 

Tliese results elearly indicate that |tr<is(i';minc liietiiylsiilfale decreases tin* 
excretion of morphine in accnsl<micd arnl nonacciistoincd doi;s. It seems fair to 
assume that such an c-fiVcf demonstrates llic alniity of prosliiimine melliylsuliato 
to alter the jiotenliai eft'eciivcncss of morphine in the animal body. We hsie 
loiifr felt Hint ju'ostij'inine nn'thylsnlfate iirerenteil the development of tolerance 
in animals,- and clinical oliservafions' iisiioj eornbi/iations of morphine and 
proslifrmine methylsnlfate siitriresl a similar crfcct. 

The jrreati'st iietiml decrease in exerelioji of tnorphine follmvinf,' jirostig- 
mine melhylsnlfali' administration is relleeted in the eonihined form. Tiiere is 
also, however, a mluetion of output of the free form. In either ea.se it seenis 
pos.sil)lo to .snupresf that firostiymim* methylsidfate alters the efi‘eelivenc.s.s of 
morphine in the body, either hy ean.sinfr retention of hath forms or by incrca.sing 
the rate of de.strnetion of both forms in the body so that less can afipear in Ih® 
nidno. In proportion to (hat amount of each form exeretisl wiliiout }irostii.unme 
mctbyl.sultate, the •rrcaler jirojiortional decrease of ouljiut is in the free nior- 
phine output; this is also evident in the relative shift in proportion of free and 
combined urinary inorpliino shown in Table lA. 

Gro.ss" lias simjre.sted Ibal the combined form of morphine may be rc- 
.sponsible for hypnosis and iwnlpcsin. If this is true and if retention of both 
forms of morphine in tlie body is the meebanism of prosliirminc nietbylsulfate 
reduction of urinary onfjuit of morphine, one wi^'hl thus explain, at lea.st in 
part, the potentiation of morjiiiine hypnosis and anal.nesia by prosti'rmine methyl- 
sulfate. The retention of free nior{iliine mi<rht lead to a ^renter formation of 
combined morphine, which would still further iioloiitiate the hypnotic action 
under Gross ’.s hypothesis. Ketention would re.sult in a hijrher concentration of 
the effective form rcaeliinfr flic loci of action, and tints would .simulate the elTeci.s 
of higlicr do.s-e.s of morphine. 

suMJfAnv 

1. Prostigminc niethyl.sulfato in suitable dosc.s deci’ea.sos the total urinary 
c.xcretion of morphine in aecuslomed and nonaceustomed dogs. 

2. The bulk of the decrea.scd morphine excretion is reflected in the combined 
form. 

3. There is a relative shift in proportions of free and combined morphine 
in the urine, in the direction of a liigher proportion of liie combined form. This 
shift is greater in nonaccu-slomed dogs than in aecu.stomed dogs. 

4. In the light of a retention of morphine in the body jiroduced by" prostig- 
minc incthylsulfate, the mechanism of potentiation of morpliine hypnosis and 
analgesia by prostigmine methylsidfate is discussed. 
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BBIUNOLOGIC AND TOXIC PROPERTIES OF CASEIN DIGEST AS 
PREPARED FOR PARENTERAL AD^MINISTRATION* 


Ho\v.vrd C. Hopps, jM.D., and Jame.s A. Campbell, B.S., Chic.ago, III. 


A lthough hypovitaminosis eontinues to receive preponderant emphasis in 
studies on malnutrition, the effects of protein deficiency are not to he 
minimized. In addition to such obvious effects as inanition, failure of growth, 
anemia and nutritional edema, protein deficiency (hj-poproteinemia) affects both 
quantitatively and qualitatively the regeneration of tissue; it predisposes the 
liver to injury by toxins, and it seriously interferes irith the sAmthesis of anti- 
body globulin. Hypoproteinemia is an important cause of delayed wound heal- 
ing and wound dehiscence.' An increased susceptibility of the liver to injum.- 
by such toxic substances as chloroform and arsphenamine during a state of pro- 
tein depletion has been shoum, and the fact that feeding of protein exerts a 
marked protective action against injury has been demonstrated.' The effect 
of protein depletion on resistance to infectious disease was the subject of discus- 
sion in the presidential address to the American Association of Immunologists 
this year.^ EAudence was presented to shoAv that hypoproteinemia in animals 
markedly decreased their ability to synthe.size antibody globulin, thus interfering 
Avith one of their most important defense mechanisms against infectious di.sease 
— the ability to dcA'clop active immunity. 

The treatment or prevention of the protein deficient state is often difficult. 
Administration of protein by mouth may be impossible, or dige.stiA'e disturbances 
may preA-ent assimilation of fed protein. Associated AA’ith these conditions there 
is often a marked increase in protein requirements either from abnormal loss 
of protein or from increased metabolism. Parenteral therapy to relieA-e a con- 
dition of protein deficiency AA’ould be of especial importance in preparation of 
patients for surgciy as Avell as in helping to maintain their nutritional .state 
during the early postoperative period. In a di.scu.ssion of h.ATJoproteinemia and 
its relation to surgical problems. Ravdin' .states, “No consideration of fluid and 
electrolyte loss and their restitution is sufficient unle.ss the pla.sma protein is 
simultaneously considered.’’ 

•From tho Dopartment of r:itholop:>-. University of Chienpo, Chicaco 
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For these reasons a sonroo of protein whirh may he safely adminisfered 
parcnterally is inneh to 1)C‘ desired, to .supplement or complement .solutions of 
carbohydrates, .salts, and vitamins. 

Over thirty years aizo oxperiment.s were first ilone to develop sueh a source 
of protein. Sucec.ss has come only recently, however. The tiradiial aeeimnilation 
of facts leading to the demonstration tliat ]»ntlcin reqninmionts could he com- 
pletely or almost comj)letely met hy .suj)}dyin!r ten “e,s,sentiar' amino acids 
was probably the most, influential factor in this respect. In a Harvey lecture 
in 1934° Kose .said, “Indeed it is not wholly improbable that methods may ho 
developed whereby this ideal mixture (amino acids) may he employed for 
parenteral administration to luunan subjects when the prevention of undue 
lo.ss of body structure is an important consideration.” 

This “ideal mixture” of amino acids has beeji closely api»roaehed in recent 
years although it comes not from a synthetic mixture of purified amino acid.s 
as Rose had posttdated, hut from the hydrolysis of a eomidete protein. Rapidly 
accumulating experimental (bun*"'. indicate that such preparations arc 

utilized for protein .synthesis and that when given luirenterally, as a .sole .source 
of nitrogen, they serve to maintain nitrogen cquilihrium and supi)orf normal 
gi’owth and tissue repair. 

A commercial proi)aration of ea.scin hydroly.sate dcsiirned to serve as a 
parenteral source of protein food has been available for experimental n.se and 
has received mucli study during the pa.sl five yeai-s.® Experience with now 
drugs (c.g. amidopyrine, dinitrojihcnol. sulfanilamide, etc.), has indicated, how- 
ever, that although initial eximrimcnfal trials reveal no significant toxic action, 
there may be decided deleterious ofieets when sueh drugs are subject to wide- 
spread or general use. For tin's reason, new drugs should always be subjected 
to thorough experimental study exi>re.ssly <lcsign(.'d to detect or to determine 
the nature of po.s.sihlo toxic cfi'eet.s. The demonstration of such toxic or dele- 
terious action of specific drugs need not re.sult in absolute contradiction to their 
use; yet the Imowlcdgc of such untoward ofi’eels may allow for intelligent, 
directed caution or for tlic application of ooriTctivc measures. With these 
thoughts in mind experiments were undertaken to determine whether or not 
amino acid solutions prepared from hydrolyzed e;isein were toxic. 

In preparations made from proteins and intended for intravenous admin- 
istration to human beings the possibility of allergic reaction must always be 
considered. Since casein is an antigenic protein, there is the po.ssibilit.v that 
a product derived from casein might retain .some of these antigenic properties. 
The first consideration, therefoi’c, is to determine whether or not ea.scin hydro- 
lysate is antigenic. Since it is generally accepted that complete hydrolysis 
destroys the biologic speciation of native proteins, demonstration of nonanti- 
<>-enicity in these products would be .strong evidence tliat complete hydrolysis 
had been accomplished. 

Two commercial preparations of casein hydrolysate were selected for test- 
in" These will be referred to as products A and B. Concerning product A, 
its^mamifacturer states that efforts have been made to sensitize guinea pigs vnth 
A and to shock milk-sensitive pigs with A solution and that all such studies 
have been negative, indicating the absence of antigenic properties; however, no 

VA.m!scn, un enzymatic hydrolysate of casein, prepared by Mead Johnson & Co. 
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details of tliese experiments are available in the literature, nor are there experi- 
ments specifically directed toward the detection of pork protein which might have 
been introduced during the course of hydrolysis, a process accomplished hy the 
action of ground pork pancreas. Concerning the antigenic properties of product 
B, an acid hydrolysate of casein, its manufacturer states that “biologic specia- 
tion in most instances is due to the prosthetic groups attached to the protein, 
ilost proteins sho\™ to he antigenic .substances are de.speeiated by enzj-matie 
hydrolysis.” The product in question, however, is not an enzymatic hydrolysate. 
The works of Hill and of Altshuler are cited to substantiate further claims that 
this particular casein digest is nonantigenic. Neither Hill nor Altshuler used 
the particular preparation under consideration. Hill' maintained infants aller- 
gic to milk on casein digest for periods up to three months. In about half of the 
eases eczema was relieved. Altshuler, Hensel, and Sabjuin® injected two rabbits 
with an acid hydrolysate of casein and were subsequently unable to produce 
anaphylactic shock in these animals. These findings are ineonclu.sive, however, 
because of the unsuitability of rabbits for anaphylactic tests. 

EXPERIMENTAL 

ANTIGENIC PROPERTIES OF CASEIN HYDROLYSATES 

The first series of experiments consists of determining whether or not pre- 
foi-med antibodies to casein react with hydrolysates of casein and whether 
or not hydrolysates of casein are in themselves capable of stimulating the forma- 
tion of antibodies for themselves or for casein. Three groups of normal adult 
rabbits were given repeated injections of preparation A,® preparation B, and 
purified casein (Casein-Harris). Multiple doses of these .substances were ad- 
ministered by intramuscular, intraperitoneal, subcutaneous, and intravenous 
routes. In addition, ten intramuscular “depots” of the test substance adsorbed 
upon alumina gel after the method of Hektoen and "Welker® were produced. 
After 65 days serum precipitin titers were determined in all groups by the 
collodion particle method of Cannon and Slarshall,^® as well as by the usual 
antigen-dilution method. Precipitins for casein digest were not found in any 
case; neither did the animals treated with casein digest exhibit antibodies for 
casein. Skin tests were performed using cows' mUk, 10 per cent A, and 10 
per cent B. Casein-sensitized animals gave positive reactions only to milk. 
Animals treated with casein digests gave no positive reactions to casein nor to 
the casein digest with which they had been treated. These animals were bled, 
and the pooled serums of each group were injected intraperitoneally into cor- 
responding groups of noi-mal ISO- to 200-gram guinea pigs. Two days later 
anaphylactic tests were performed. Two c.c. portions of the test substances 
were given via the jugular vein to the unanesthetized pigs. Casein-sensitized 
animals were divided into three groups. To group one, casein was given and 
these animals died of typical anaphylactic shock. Group two received \ (10 
per cent solution) u-itli no reaction. After several hours these .same animals 
were again injected, this time unth casein, with resultant death from typical 
anaphylactic shock. Group three was treated in essentially the .same manner 
as group two, except that solution B was substituted for A. Identical results 
were obtained. 


•KlntUy fumiyshed by Mead Johnson & Co. 
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Twonly-cif'lit virgin U'lDair guinra pigs weigiiiiig IGO to IHf) grams were 
•'l)assivdy sfiisilizcd” with })oolt‘d sortiiiis from raldtils fivalcd with casein, 
A, or B. Tlic.sc iiidmals were sacrificed at three (o four days, and muscle strips 
(uloriiie liorii) jircparalioiis wau’e stu<lie<l for passive sensitization using the 
Scliultz-Dale technique. I'ig. 1 shows the tyjiical reaction of a nmanal uterine 
muscle sti’i]) to A, to B, and to casein. These test solutions faqneoiis) had hcen 
ad.insted to a j)!! of (i.S to 7.0 I)y the careful addition of 0.1 N' Xaf)II. li) I’i.e- 
2, however, the pH of test solutions A and B was unaltered (approximately 4.a). 
Tlie.se differences in reaction to A (eom|mre Figs. 1 and 2) are ai»parently the 
result of some change in state that oceuis svilh neutralization of .solution A, a 
change that is marlced hy the gradual formation of a rather ahnndant cloudy 
precipitate. 



Fipr. 2. 


The reaction of normal smootli iiui.selc to these hydrolysates of casein indi- 
cates the presence of some liistamine-likc substances, iieidones, or lyramiue, 
which may explain the frequently ob.served I'cactions of flashing, sensation of 
wamth and nausea observed in patients wlio arc administered casein digest by 

vein.”’ ” . . . , . o A 

Tvpical reactions of the easem-sensitized group are shown in Fig. 3. An 

anaphylactic response has occurred to casein. The reactions of this group to 
solutions A and B are essentially similar to those o.xhibited b,;’ the control ani- 
mals. 
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Fig. 4A shoMS a typical reaction of the A-“ sen.sitizcd group to casein and 
to A; these are normal reactions. Fig. -iB illustrates the reaction of a B-“sensi- 
tized” animal to casein and to B. This reaction to B is the most marked of any 
exhibited by this group; it is not a typical anaphylactic reaction, however, and 
the reaction to casein is as in the normal. Other animals of this group gave 
an essentially “normal” reaction to B. 

These studies adequately demomstrate that the two preparations of hydro- 
lyzed casein tested are incapable of stimulating antibody production, nor do 
they react to preformed casein antibodies. 



Fie. 3. 


A second series of experiments concerns only product A in the preparation 
of which hydrolysis is accomplished by means of .ground pork pancreas. The 
nonantigenieity of substance A has just been demonstrated, but there remains 
for investigation the possibility that modified pork protein exists as a partial 
antigen or haptene, incapable of .stimulating antibody formation, but capable 
of reacting with preformed pork antibodies. To explore this possibility, rabbits 
were sensitized to swine pancreas and swine scrum, as demon.st rated bv the 
presence of specific prccipitins and by positive Arthus reactions \nimals 
treated with A failed to show prccipitins or positive skin reactions to swine 
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serum or swine imnerons. Inlcewise. nriiinals sensilizcd Mill) swine piimTeas or 
swine scrum failed to show i»rcei[)ilins or positive shin tests a^minst A. Anaphy- 
lactic tests were iicrformed with passively sensitized jr'iinea pics in the same 
manner as previously dcscriliod. There was no detnonstrahle anticenic relation- 
ship between pork proteins and ]jroduct A. 




Fie. 4 . 


f 

I 

i 


TOXIC VliOVmTlKS OV CASKIN H YDUOLYSATJ-:^ 

Table I shows the hydrogen ion activity and liydrogen ion conconlration of 
the two preparations tested. It can be seen Hint these solutions liavc a liydrogen 
ion concentration comparable to 1/16 to 1/32 N II Cl. Tlioir effect on the pH 
and CO., combining power of human plasma in vitro is also shown. The pro- 
portions of hydrolysate and plasma in these mixtures i.s comiiarable to that 
which would he attained in a 65 kg. patient given inti-avenously, at a single 
dose 1500 c.c. of a 10 per cent solution of amino acid mixture. This is ad- 
mittedly an artificial comparison in that amino acid mixture introduced into 
a patient would not all remain in the blood stream for the period required to 
administer this large quantity. From these observations it was thought that 



HOPPS ET AL. : IMMUNOLOGIC AND TOXIC PROPERTTES OF CASEIN DIGEST 1209 


casein hydrolysates might have a marked tendency to produce acidosis, espe- 
cially in those patients M'ho Avere seriously ill and who received repeated large 
doses of the substance. Experiments were done to evaluate this effect. Blood 
plasma was obtained from two patients® just before the intravenous administra- 
tion of 1500 c.c. of 10 per cent amino acids (product A). This material was 
given over a period of eight houi’s and was accompanied by 1500 c.c. of 10 
per cent dextrose in saline and 1500 c.c. of 10 per cent dextrose in water. Im- 
mediately upon completion of this infusion a second specimen of plasma was 
obtained from each patient. In patient No. 1, the CO, combining power dropped 
from 59.2 vol. per cent in the first sample to 50.5 in the second sample. In 
patient No. 2, the decrease was from 58.7 vol. per cent to 52.6 vol. per cent. 
These changes may well represent only the dilution of blood plasma resulting 
from administration of a large amount of hypertonic fluid. Pla^a pH did not 
vaiy significantly. Similar observations were made on a third patientf to 


Table I 

Hydrogen- Iox Activity axd Coxcen'tpj^tiox of Casein- Hydrolysates axd Thetr Effect 

ON' Human Plasma 


SOLUnOK 

pH 

i 

0.1 N.N'a OH added to bring pH TO; 
i (10 C.C. SAilPLE) 


7.2— 7A 8.1— 8.2 

10% 

4.6 

5.39 c.c. 12.82 c.c. 

10% B 

4.33 

8.15 c.c. 13.98 c.c. 

CO. Combining PoAver 

Vol. % 

Plasma + Saline 


60.9 

Plasma + A 


6.9 

Plasma 4- B 


5.8 


whom 400 c.c. of 10 per cent amino acids was given intravenously during a 
period of two hours and thirtv- minutes. Variation in CO, combining power 
and pH of plasma did not exceed the limits of experimental error. 

From these in vivo studies it is apparent that hydrolyzed casein, in spite 
of its very appreciable hydrogen ion activity in vitro, has but little effect on 
the acid-base balance in the body. Since but a small proportion of this sub- 
stance, given intravenously, is excreted as such in the urine, and since there 
is but little immediate destiuction of the sub.stance, as measured by increased 
ammonia excretion, it appears neeessarj- to postulate the very rapid conjugation 
of parenterally administered amino acids in order to explain how the aciditv 
of sueh solutions is nullified without affecting the alkaline reserA-e of the blood. 
That such conjugation of amino acids results in the immediate formation of 
complete proteins seems hardly likely although such a step may be a major one 
in the sj-nthesis of protein. This conclusion is in harmony AA-ith direct observa- 
tion on the rapidity AA-ith Avhich the blood stream is cleared of injected amino 
acids.’-' 


To further test for toxic action of casein hydrolysate, post-mortem studies 
Avere made on seventeen patients Avho had received casein digest by intravenous 
route d uring the course of their terminal disease. Of these patients, ‘the maximum 


•Tho.«50 intllvlilual? wf-ro both nrlult WorrK'n. PitJr-nf Vn i t . ? 

tomy. and ratknt No. an aprfndr.ctoniy. tha procf-dlnR- d.aS' Thr-V- 'I Sholecy.«tec- 

rccovarlf ■?. Thc.-c patlf-nt,* wero on tho ."=r-n,-ico of Dr. AV-x.andor BranAohSf!.' uneventful 

tA r.c-year-0.d ndUte n,an ruIf.-Hn. fr„„ Upoid Elon,en.lar-„ephrit.? (;epDrot,c nephriU,,. 
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amount admiiuKtci-cd was 2,100 ttni., as ,1(1 per cf-iit solulioji (over a 21-tlny 
jieriod). Time of admiiiis! ration of anniio aidds in llit'sc iiatienis varied from 
twenty da.v.s to one lioiir hefore death. In Jio ease were lliere morjdiolo'/ic 
ehanjjes in tissues which eould he deliiiitely attriinited t<i a toxie eficet of 
casein hydrolysate. In Imt one instanee was there any reason to suspeet Hint 
amino acid tlierajiy was a fael<ii' in eansinir death. This was in !i man with 
carcinoma of the cystic hile duet who had uinlerjione an operation in which 
tlie gall bladder and cystic duct were resected, the common hile duet ligated, 
and the hepatic artery limited and severed, I’ostoperatively, this patients 
cour.se was one of pi-ourcssive failure. There was jaundice and, two days before 
death, a precipitous fall in serum protein. In an attempt to ameliorate this 
condition amino acid therapy was instituted. Following the inlntvcnoii.s ad- 
ministration of 2()f) e.e. of 10 per cent amino acid .solution, the patient e.x- 
perienced a .severe cliill. Tlie vemius infusion w.-is stofiped, hut the [latient 
died an hour later. At necropsy severe hepatic damage was evident. 

That the liver is the nnijor org;in eoinsu'ned with the .synthesis of protein 
.seems evident from the work of Whipple, Mann, and others-, in fact, the dis- 
appearance curve for injected amino acids lias been used with some success in 
evaluating liver function. Tin- stinly of intermediary protein metabolism with 
the aid of i.sotojics by .^ehoenheimer and others al.so lends support to the view 
that amino acids, plasma proteins, and li.ssues proteins, especially those of (he 
liver, exist in a state of very dynamic equilibrium. In a i-eeent fiaper,” gladden 
and Whipple summarize such experimental evidence and conclude. “The pre.scnt 
evidence .speaks in favor of the liver as the .site of production of albumin and 
much of the globulin." 

The case last cited may well repre.sent a situation in which hepatic damage 
was so severe that rajiid conjugation of amino acids, as a preliminary stej) in 
the .symthe.sis of protein, could not occur, with the result that amino acids 
given intravenously exei-ted (he same effect on the acid-base balance of the body 
as was observed in in vitro experiments with human {ilasma (.see Table I). It 
suggests that nnirkcd liepatie insunieioncy may be a very serious eonfraindiea- 
lioii to the ]iarentcral administration of amino acid mixture.s, 

.SU.AI.MAlfY AXO CO.XCI.U.SIOXS 

It has been demonstrated that the two ju-ejiarations of easein liydrol.vsatc 
tested arc nonantigenie. Keaetions of normal smooth muscle strips to easein 
digests have indicated the i)rc.scnec of some lii.staminc-likc .substances, i)eplones, 
or tyi'aminc, Avhieh ina.v e.xjilaiu the frequently observed reactions of flushing, 
sen.satiou of warmth, and nausea, in patients administered ca.sein hydrol.vsale 
by vein. It lias been shown that although casein hydrolysates have a high 
li 3 'drogen ion concentration and aclivitj', this docs not ajiprceiablj' affect the 
acid-base balance in those persons with adequate liver function. This is pre- 
sumably due to the very rapid rale at which amino acids arc conjugated by 
the liver. Post-mortem studies of seventeen individuals who had received casein 
digest parenterally failed to diselo.se significant morphologic changes as a toxic 
manifestation of amino acid therap.v. The suggestion is made that patients with 
noor-Tiver function ma.y be unable to conjugate ])arenterall}- administered amino 
acids at a sufficiently rapid rate to escape severe acidosis. 
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IJoitKiiT II. D(!i:isi)a(:ii, Pn.I.)., ani> Caih. Pj'kh-i-ck.t Pm.!)., .M.I)., Chioai.o, lu.. 


’’“P’lII'^ i)rof.luctioii fil the (*.v[U'riii)i'ii|:il J>t‘jKl;ii'Iif‘ for inv(‘.stii;ntive i>iH'i>osp.‘; was 
A jniliiilod by llin oljsorwitions of l>o(.v<.|iliar(- atid Iiis co-workrr.s in 3!)27, who 
found that niti’iti' lif.-adaidii's wore acoornj)anicfl by a dilatation of flic nieninccal 
blood vp.s.scTs, Pi(;lc(.'rin;i ■ in .‘•'tu<li(‘d Iicadaciifs produced by tiio intravenous 
injection of small amounts of histamine. These studios were eidarped by Clark 
el al. in 1934 and by Wolfi et al.- in 1!140, who denionstrat('il that this e.\'i)cri- 
mental headaehc was ae('onipaTiied by an inereased exeursion of the een“hral I)Ioo(l 
AC.ssel.s, Ca7'bon niorioxifle hea<laehes hav** been .slinlied in ii few individuals 
(Cobl> et ah. 1924),” but the toxie nature 7>f <’arhon mono.xide does not lend itself 
to liuman c.xjjci’imentatifui. 3'he e.xperinnmljd heailaelies studied thus far do 
not simulate any of the so-ealled comnjon he.'idaehes in niod(! of onset or diu'a- 
tion. The hisliunine lieadaehe, however, is by far the most eonstani and may 
be produced in almo.st all subjects. 

Because many people Jiseidbc an occasional lieadaehe to lack of tiioir inoni- 
intr coffee, aiul because eonsid<‘rablo “letdown” must rc'sidt if this stimulant 
drug i.s ^\ithdrawn from habituated individuals, an attemjit to jirodiice and 
study such a headaehc wiis undertaken. In a recent sui’vey of one hundred 
and twentj'-eight migraine imtionts, tAventy-five stated that lack of their usual 
colTce intake would result in lieadaehe. Five jialiouts voluufeered liic infoz'ma- 
tion that the lieadaehe wa.s not of the migraine tyjio. In fids study we liavc at- 
tempted to produce headache by administration of caffeine over a snifnble period, 
usually a weelc. and Iben abruptly withdrawintr tlie drug. 

Data obtained in tins laboratory ha%’c indicated iJiat there is a relative 
hcmoconcenfiation accompanying migraine. Hence, it was thought advisahle 
to dctciminc total piotoims and hematocrits during the course of the experiments. 
Several invc.stigalor.s^ ” have rejiorlcd that the serum ealeiuin is decreased in 
migraine patients. TJiorefore, it was thought possible flint electrolyte change.s 
in the blood might also bo correlated with any period of Jicadaelic produced by 
caffeine withdrawal. 

ExmcniAiKNTAr., 


Caffeine, 0.120 Gin. eapsulc,s (gr. ii) a.s the sodium benzoate or citrate salt, 
was administered to normal .subjects in an increasing daily dosage up to 0.78 
Gm. (gv- xii), usually given in the morning. Twenty male and two female 
subjects (graduate and medical sludenf.s) were used. Their ages varied fi'om 
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20 to 33 years. They ivere not liospitalized, but tliey -were obsen'ed and had 
their sjTnptoms recorded daily. No regulation of food intake was attempted. 
Only three of the twenty sul).ieets were normally total abstainers from caffeine- 
containing beverages. In order to add to our knowledge of the migraine syn- 
drome, five of the subjects were particularly chosen because they had had fj-pical 
periodic migraine headaches for at least two yeai-s. The subjects were given a 
series of ten or more dated envelopes, each containing the same number of cap- 
sules, placebo capsules and caffeine capsules being mixed in such a way that 
the subject would start with a small dose of caffeine the fii^st day, but increasing 
daily so that by the sixth or seventh day the subject would be receiving 10 to 12 
grains of caffeine per day. On the seventh or eighth day placebo capsules were 
substituted without the subject’s knowledge, so that no caffeine was received 
thereafter. During the experiment the subject abstained from caffeine bever- 
ages, and in most cases the subjects had no caft’eine beverages for the 24 to 48 
houi-s preceding the beginning of administration. The experiment was post- 
poned if the subject had a lieadache, and this oeciured in five instances when 
habituated subjects discontinued their customary daily coffee intake. 

Five blood samples were taken during each experiment. An initial con- 
trol sample was taken before administration of caft’eine was started, a second 
at the height of the caffeine stimulation, a third on the day before withdrawal, 
a fourth at the height of the headache, and a fifth on the following day when the 
subject was free of headache. In tabulating the results, the first three samples 
on each subject have been averaged, since they were found to be uniformly the 
same. At the time the blood samples were taken, blood pressiu-e and pulse were 
recorded after the subject had been supine for five minutes. All control ob- 
servations and samples were taken between 4 p.m. and 8 p.ji. after it was found 
that this was usuallj’ the time of maximum headache. 

Serum calcium, sermn inorganic phosphorus, sei’um potassium, serum pro- 
tein, serum and blood specific gravity, and hematocrits were determined as in 
prerious studies.'^ The calcium samples were stored at a stable phase of the 
analysis, so that fifty to one hundred samples could be disinterestedly titrated. 

RESULTS 

During the first two or three days of caffeine administration, all subjects 
reported stimulation with slight muscular tremois and a lessened sense of 
fatigue. Two subjects noted insomnia immediately upon retiring, but this was 
never severe enough to require sedation. Later they noted no stimulation but 
did report that they slept longer and more soundly. Approximatelv onedialf 
of the subjects reported diuresis during the early period of the administration 
The lack of stimulation on repeated doses agrees vrith the findings of Eddv and 
Downs," who noted an increase in the reaction time in habituated subjects* 

In twenty-one out of thirty-eight trials, headache resulted which was as 

severe as the subject had ever had. In eleven trials the headache was definite 

but not severe enough to nece.s.sitate treatment. In six experiments on four 

subjects very slight or no headache resulted. The headache-resistant »roun d' 1 

not include any of the original abstainers from caffeine Tn ^ 

Ail iiiiee ot tne.se re- 
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sisliinl subjects, tlie icteric index was above I lie noniial nni^or''' and the 
selerao of Itl. Jl. with an index of 22 were yellow-t indu'd. These three .siihjeet.s 
have noted that tliey are .irenerally free of headache <if any ty])e. However, .sub- 
jeel M. B. with idiopathic jaundice had a tyjdcal histamine hcadaclie of 12 niiii- 
utes’ duration when uiven 0,1 iii'r. of liislaniiiic dijiliospliati; intravenously. Both 
of the two fcnialo sulijocis di'velojied .severe lieadaelu' wliich reijuircd treatment. 

Characteri.stics of the lloadaciu;: The ,syjn|)lomato}of,'.v of the headaehe 
is reinarkahly con.slant aiui may he sumiuarized as follows; On the day of 
withdrawal, lethai'fry was usually nolieeahlc in the mornin'.:. while a fceliiiu' of 
ccrehral fullness occurred ahout noon. -Actual headache usually heyan in the 
early afternoon and reached a peak three to six hoiir.s later. The .subjects lo- 
calized the headache as occipital or centra! at the onset, which then in most cases 
heeame generalized and throbbing in character. In six .subjects the headache 
was consistently acconijianied by some <leg-ree of nausea, and in two .snbjcd.s 
vomiting occurred. In four subjects the headache was consistently accom- 
panied by a .serous rhinorrhea of .such severity that they at first thought that 
an acute upper respirator.v infection was impending. .Sub,iecl.s also conijdaiucd 
of mental depression, drowsiness, yawning, and disinclination to work. 

During the incipient .stage of the headache the jmtients’ eai-s were imti- 
all.v inton.sely h.vperemic, but later if the patients became nau.seated, the cal's 
would jiale and generalized pilomotor activity was ob.served. The headaidie, 
when well established, was intensified by bending over or by .straining, a.s at 
stool (Val.salva’s experiment ), Helaxation, such as napping, made the headache 
worn', while violent iili.vsical e.xercLse (running uiwlaiis), with the o.xception 
of one subject, intensified the headache. .Jugular vein comprc-ssion with the 
resultant increa.se in cerebrospinal fluid pre.ssure produced the usual feeling of 
cerebral fullnc.s.s, but did not intensify the headache. 

Treatment of the Ileailache; Headache produced by caffeine withdrawal 
was found to respond to treatment by cafleine or acetylsalicylie acid. AVhen 
caffeine was used to relieve the lieadache, the subjects .sometimes complained of 
secondary headache the next da.v. While benzedrine .snlfatc gave relief for two 
to six hours, in four of six subjects the headache recurred in an intensified form. 
Amyl nitrite afforded temiiorary relief in one subject, but this was tlien fol- 
lowed b.v a short period of exacerbation, after which the headache continued as 
before. In severe headaehe with nausea and vomiting, o.xygen inhalation af- 
forded definite relief in two subjects. If given earl.v enough in the eoui-sc of the 
headaehe, the most effeetive treatment was caffeine. 

Blood Findings; In Table I arc given the i-esults of dctermination.s of 
scrum calcium, scrum inorganic phasphorms, .serum protein, and hematocrit 
duriu" the normal and administration period.s, at the time of the headache, and 
on the day following when the subjects wore free of headache or had received 
caffeine in treatment of a secondary hcadaclie. Under each column are given the 
averages and standard deviations of all the data. A^alues obtained during the 
administration of caffeine are not tabulated separately because these values 
tore comparable to the normal values. The serum protein and the hematocrit 
\'ei’e found to be generally loAver at the time of tlic headache in all bnt three 
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experiments. The serum calcium wa.s lower in all but one experiment, and serum 
inorganic phosphorus was .slightly higher during the headache period. The 
change in serum calcium could be ascribed to the liemodilution except that by 
the same reasoning the rise in serum phosphorus would be even greater than is 
apparent from tlie data. Since calcium fluctuates inversely nith phosphorus, 
the calcium may still be indirectly involved. 

Graphs of changes in blood constituents in one subject during three dif- 
ferent experiments are shown in Figs. 1 to 3. It should be noted that at the 
time of the headache, significant, but not consistent, decrea.ses occuiTed in the 
seraun calcium, protein, hematocrit, and blood specific grarity. An elevated 
serum phosphorus was consistently present at the time of the headache. The 
blood pressure and pulse changes were frequently marked, but were in general 
uninterpretable. 

Table I 


SUBJECT 

CALCTO.M 
MG. PER 100 
1 2 

c.c. 

o 

o 

PHOS. 

MO. PER 100 C.C. 
12 3 

PKOT. 

GM. PER 100 C.C. 
12 3 

1 

■ HEMATOCRIT % 

( 1 2 3 

D 

10/7 

9.6 

9.3 

10.0 

3.2 

4.6 

4.2 

8.2 

7.6 

8.3 




P 

10/17 

9.6 

9.2 


4.3 

4.2 


l.l 

8.1 

7.6 

1 47 

48 

49 

B 

10/27 

9.S 

9.4 

9.5 

2.6 

.3.6 


S.l 

7.8 

8.3 

48 

45 

48 ■ 

EA 

11/10 

9.0 

9.2 

9.0 


3.2 

3.1 

8.8 

8.5 

8.2 

49 

48 

49 

ES 

llAO 

9.0 

8.1 

8.2 

2.7 

3.4 

3.2 

8.0 

7.5 

7,5 

47 

46 

49 

BF 

12/9 

9.6 

9.0 

8.1 


3.8 

4.1 

8.3 

s.o 

7.9 

47 

44 

46 

D 

12/1 

9.6 

9.0 

10.0 

2.9 

3.2 

3.4 

8.3 

8.7 

8.9 

47 

46 

51 

B 

12/29 

10.3 

9.3 

10.9 1 

3.6 

3.1 

3.4 

8.8 

7.7 

S.S 

51 

4S 

49 

E 

1/19 

9.9 

9.3 

9.8 

2.6 

2.9 

2.7 

8.7 

8.4 

8.7 

48 

45 

47 

P 

2/23 

9.3 

8.9 

9.5 

3.0 

3.2 

3.6 

8.0 

7.1 

8.7 

50 

46 

4S 

D 

2/23 

9.4 

9.1 

8.9 

3.6 

3.6 

2.8 

8.2 

7.8 

7.6 

52 

48 

50 

BF 

4/6 

9.2 

9.0 

8.6 


3.3 

3.4 1 

7.6 

7.4 

7.2 

43 

45 

44 

DH 

4/15 

9.9 

9.5 

9.7 


2.8 

3.7 

8.1 

7.9 

8.3 

50 

49 

51 

ES 

4/23 

8.9 

8.9 

8.9 

3.6 

3.8 

3.0 

8.2 

7.7 

7.8 

47 

46 

43 

ES 

6/14 

9.2 

8.5 

9.1 


4.7 

3.6 

S.4 

8.4 

7.0 

48 

45 

49 

DB 

5/6 

9.6 

9.3 

10.8 


Km 

mtfm 

s.o 

7.9 

9.6 

49 

48 

47 

CL 

6/29 

9.0 

8.8 

8.8 


El 

WM 

7.2 

7.0 

7,4 

48 

51 

47 

Average 

9.5 

9.1 

9.4 


■ata 

3.4 

8.2 

7.9 

8.1 

48.2 

46.7 

47.9 

Median 

9.6 

9.2 

9.3 

3.2 

Z,o 

3.4 

8.2 

7.8 

8.2 

48 

46 

48 

S.D. 

±.4 

±.4 

+ 8 

±.5 

±.5 

±.4 

±.4 

±.4 

^.5 

t2 

±2 

±2 


The first column in each series represents the average of all determinations taken before 
the headache. Column 2 represents determinations at the time of the lieadache, and colnmn .3 
represents determinations 24 hours after the headache. Tlie mean of 12 control calcium 
samples taken daily at 5 p.m. on 4 subjects for 3 days Tvas 9.4.1 ± .57 mg. per cent. 


mscussiox 

It was tmifoi-mly noted that the headache following caffeine withdrawal was 
quite different from the migraine syndrome in the five migraine subjects studied 
altliough the eaft'eine-tvithdrawal headache was accompanied by nausea in four 
of the migi-aine subjects and vomiting in one. In two s-ubjects whose migi-aine 
is tj-pically unilateral the caffeine-withdrawal headache was generalized In 
two subjects the headache occurred on the opposite side of the head from their 
usual migraine. One subject has left-sided frontal migraine, but three eaffeine- 
uithdrawal headaches were bilateral and occipital in distribution. Three of 
these five subjects regularly have scotomas with their minraine headaches but 
no such visual phenomena preceded or accompanied this experimental head 
ache. Two migraine patients, however, had migraine headaches at the hei-ht 
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of the Stimulant action of carieine, and in one of tlicsf? .subjeefs tliis a^aiii oc- 
curred when another cafreiiuMvithdrawai lieadachc was altcmplcd. It would 
thus appear that the true mifirainc lieadachc is ajit to occur during flic iicriod 

CArFEtNE-WITHORAV/AL. HEADACHE 



Klfr. 1. 

CAFFEINE-WITHDRAWAL HEADACHE 



Pie-. 3. 


of caffeine overstimulation,*^ while the withdrawal of caffeine results in a dis- 
tinct type of generalized headache. In a recent study' of migraine lieadache, 
we found no consistent changes in the serum calcium or phosphorus. A slight 

^hls led to an erroneous statement in tlie original Proceedings report.’ 
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rise iu hcmaloerit a\^d "total pi-otcms was pvesetvt at tl\e time of the keadache. 
The change in blood chemistiy and blood A'olume found in tliLs study would, 
hence, be another point of dissimilarity between the two tj'pes of headache. 

That the caffeine-withdrawal headache is due to changes in cerebrospinal 
fluid pressure or volume is doubtful, since bilateral .jugular compression which 
raises cerebrospinal fluid pressure does not intensify the headache. Amyl 
nitrite, however, relieves the headache during the short period of relaxation of 
the peripheral and splanchnic vascular tone. While the present data, due to the 
inadequacy of present methods, must necessarily be inconclusive, there are 
numerous findings that would be in accord with the hypothesis that this head- 
ache might result from an increase in effective arterial blood volume ^\^thout a 
con-esponding diminution in pertpheral vascular tone, namely, the gradual onset 
of cerebral fullness, hyperemia of the ears, lowered serum proteins, the occur- 
rence upon withdrawal of a diuretic drug, and the response to drugs and phys- 
ical measures affecting headache. 


CAFFEI NE- V/ITHDRAV/AL HEADACHE 

FtS 11-10 




It is known from the work of Wolft”- that many headaches, ineludin"- 
histamine and migraine headaches, are accompanied by an increased excursion 
of the cerebral blood vessels. This may occur reflexly or pa.ssively by ehanses 
in the volume or pressure of any one of the three semifluid media within the 
cranial vault, namely, the cerebrospinal fluid, the brain substance, or the blood 
Since the first two media are relatively constant, and since the functional 
pathology- of most headaches is known to reside in the va.scular wail, the cause 
of tlie pain must be either a reflex dilatation of the blood ve.ssels or an inci-eksed 
exem-sion of the ve.ssels due to the two other factors which could affect the caliber 
of the cranial blood ve.ssels. namely, the arterial blood vohimc or the nressnre nf 
the surrounding media. Bar.ett- has estimated ll.e nrUnnl blood volume from 
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anatomic nieasnroniont.s of the nicscnlcHc vessels, and Ids ohservalions indicate 
that the arteries j)rohai>ly contain a ivlatividy small jtroporlion (j)erliaps less 
than 20 per cent) of the total hlo<id in a fiiven reudon of the eirenlnfion. Thus, 
wldle the ehantjes in blood volume demonstrated in this study are small, they 
may liavo exatrfrerated siirnitieanee when eoml»in«-d with ehaii'jes in cardiac out- 
put and perijdioral vascular lone. 

Since all factoi's must he considered, there remains the possibility that this 
lieadacdie mi<j:ht lie due to direct or reflex <li!alation of the cerebral ve.ssels by the 
withdrawal of caffeine. Ilirselifelder’* has .shown that eaffeiiu' lends to dilate 
the cerebral vo.ssels if "iven intravenously. Oral caffeine i.s, hi>wever, la'lieved 
to constrict the cerebral vessels, and this has been eorn-lated by Sutheiiand and 
AVolfi*'' with the observation tluit catTeine deeicases the (‘xenision of tJic cere- 
bral blood ve.s.scls when u.sed in the treatment of mipraine headache. 

Tlie caffeine-withdrawal headache tu'obably lypifii‘.s one of the .so-called 
“common headaches.” In this respect it may be of value as an experimental 
iicadachc. It may also juovidc a mcjins of stiulyinu analgesic drtms by afford- 
ing a method of producing predictable hea<lach(>s. This study also provide.s a 
plausible explanation for the hitherto empirical ad<lition of caffeine to many 
headache vcmedics. 

The authors wish to express gratitude to the numerous subjects who aided 
in thc.sG experiments. 

SWIMAHY 

In 55 per cent of Ihirfy-cight trials on twenty-two subjects, headache as e.v- 
li'omc in severity ns the sidjject.s had ever ex/)erienced was j)rodueed by the sud- 
den withdrawal of cafl'cinc. In 29 per cent of the trials the headache was defi- 
nite, but did not re(|uiro treatment. In IG i)er cent of the e.xperimenfs little or 
no headache resulted. The headache is without scotomas, .slow in on.set, central 
in origin, becoming generalized after four to six houi-s; and it may be accom- 
panied by nausea and vomiting. In migraine subjects the headache dift’ci-s from 
their typical migraine headache. The blood studies indicate that a lowered 
serum calcium, an elevated scrum pho.s]diorus, and possibly an increase in blood 
volume accompany the headache. 
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THE ETIOLOGY OF THE jNHGRAINE SYInDRO^NEE— 
A PHYSIOLOGIC APPROACH® 


Carl Pfeiffer,! Ph.D., M.D., Robert H. Drelsbach, Ph.D., 
Charles C. Roby, Ph.D., .and Howard 6. Gl.ass, B.A,, Chic.ago, III. 


T he possibility that blood volume changes might participate in the etiology 
of migraine headaches has not hitherto been investigated, although Lennox 
and Leonhardt* in 1937 suggested that alterations of “blood concentration” 
might play a dominant role in migraine headache. Established factors in the 
migraine syndrome Avliieh might be correlated w-ith changes in blood volume are : 

1. Onset at puberty and frequent relief at the menopause (correlating 
with onset and waning of cyclic aethity of the se.x hormones with their salt- 
and water-retaining properties). 

2. Greater incidence in the female than in the male due to greater salt- 
and water-retaining power of estrogens compared to androgens.- 

3. :Menstrual migraine (perhaps due to sudden decrease in the estrof^ens 
with their salt- and water-retaining activity). 


4. Relief of migraine by pregnancy due to the normal, concomitant in- 
crease in the blood volume with a high, maintained estrogen level. 

5. Partial relief of the headache by the coal tar analgesics- and thyroid'* 
therapy, both of which are known to produce a relative hydremia. 

6. Marked relief by long-aeting vasQconstrietor drugs, such as ergotamine 
tartrate and benzedrine sulfate (amphetamine). 


^ 'From tlie DcpartmenUs of Pharmacolopry of Wavno TTnlvf-reiti- 
Chlcaco Medical School.->. ' 

tLIeutcnant (M.C.). U.S.N.P.. 
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Tin: .louiiNAi. (ir lanouAToitv and (t.tstcai, mkdtctni: 


7. M’Ik' occurn'iicc of (lie licjidiK-hc with ri-lnxiition nr :i relative “let down” 
in aetivity. 

Tliese J'aetors initilit he aserihed to an aeeonipanyiirj: relaxation of iioriiili- 
eral-vaseiilar tone without an inerease in hlooi! voltinie. .Any altered jiliysi- 
ology due to hereditary anomalies of the eerehral arteries would he pi'eeipitatocl 
at this time lu'eause of the decreased hlootl supply to flu- ei'aninl area. It was 
the ]mr])ose of this stmly to determine whether headache of the migraine typo 
is aeeomjianied hy ndative ehang<-s in hloml vidume; at the same time other 
data, such as the hlood ju’essure. jitilse, serum ealeium. jihosiihorus. and potas- 
sium, were obtained. 

r..xi*ia:i.Mi;NTAn 


1. Iti Iti.ralinn llauhtt lu . — 'I'lie typical Sunday morning hea<iaehe of the 
business man, tbe Monday he;tdaehe of the eb-rgy, the day-otT headache of the 
nurse, and the imsl-examiuation hea<laehe of the student may all come under 
this ela.ssilieat ion. In order t<i detc'rmiiie if blood \’oium(! or eleetrolyti* ehangc.s 
were involved in ladaxation headaches, medical and irraduate students were 
asked to come to the lalmratory for blood samjiling whenever they had a 
spontaneous headache. ,\t that time a careful history was taken of the pre- 
ceding seipienee of sleep and activity to correlate any jmssible relaxation fac- 
tor. In a series of twenty-six lu'adaehes studied, niiie-eoubl be definitely cor- 
related with relaxation (such as .sb-epiiig late). IMood samjiles were taken and 
analyzed for serum ealeium. jmtassium, inoreanie pbosiihoiais. and jiroteins. 
The ])Ul.se. the reclining iilood iire.s.sure (average of If to 4 trials), and hema- 
tocrits were also deteriuine<l. A second si'ries of oliservations and samples was 
taken alter relief of the headache by (raffeine and aeetylsalieylie acid. H 
this therapy did not relieve the headache, the seeond blood sample was not 
obtained until one or two days had elajised. Table I summarizes the findings 
in the nine headaches in which tin* subjects g.nve a historv of relative relaxa- 
tion. Ordinarily the serum jiroti'ins are tbe Iiest index of idianges in the blood 
volume, .since they are usually con.stant. .A rise in the serum ju-oteins indicates 
a decrease in the blood volume at the time of the headache. Conversely, a 
lowered serum protein indicates a hcmodilution. The hematocrit is much less 
reliable because it is changed by mobilization or .storage of the rod blood cells. 

It is of interest to note that half of these subjects with relaxation head- 
ache have an appreciable rise in diastolic blood pressure at the time of the 
headache. AVith only two exce])tions the change in the serum proteins indi- 
cates a relative hemoconeentration at the time of the headache. In the ease 
of B. A", the first headache followed sleeping late after a hurried week-end 
motor trip. Accordingly, the same degree of sleejilcss aetivity was again arti- 
ficially simulated, and the subject again .slept late. Except for the blood pres- 
sure and the degree of the headache, the findings were almo.st identical. The 
fii'st headache Avas, hoAvever, more severe, Avhich happening might in some way 
be associated Avith the higher diastolic blood pressure. 

2. Migraine Ucadaclic. — In a similar fashion, blood samples were obtained 
from migrainous patients suffering from typical migraine headache. Table II 
summarizes the findings in ten such headaches. These observations differ from 
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the findings in the relaxation type of headache in that five subjects shoved a 
marked hypotensive level of blood pressure at the time of the headache with 
a return to normal on relief of the headache. The other six .showed higher 
serum protein levels, thus indicating relative hemoconcentration at the time 
of the headache. In those eases that had no actual volume change, a relative 
inadequacy of the effective arterial blood volume is suggested by the decreased 
blood pressure, indicating a decreased peripheral-vascular tone. There was 
eridence of a lengthened blood-clotting time during the headache. 


Table I 


EET.AXATIOX Head.vche 



CA 

MG. PER 
100 C.C. 

P 

MG, PER 

100 C.C. 

K 

MG. PEP. 
100 C.C. 

PROP. 

GM. PER 
100 C.C. 

BLOOD 

PRESSURE 

1 

PULSE 

HEMATOCP.IT 

% 

1. B.V. 






I 



6/27 




8.52 

130/94 

1 92 

50.5 

Headache 



— 

— 

8.31 

134/84 

88 

50.6 

formal 

2. B.T. 






I 



7/2 

9.4 




8.60 

122/76 

92 

47.5 

Headache 


9.2 

__ 

— • 

S.30 

116/78 

96 

49.2 

Xonnal 

3. L.l. 









2/7 


3.8 

16.0 

9.10 

140/94 

1 88 

t 47.4 

Headache 



— 

17.5 

8.17 

138/98 

82 

48.0 

yrormal 

4. S. S. 









12/6 

S.8 

2.2 

1 — — 

8.30 

. 122/90 

72 

47.5 

Headache 


9.0 

2.3 

— 

8.60 

110/88 

68 

48.3 

Normal 

5. E. S. 


i 

1 






6/22 

9.8 

i 3.6 


8.10 

, 152/102 

88 

46.0 

Headache 


8.7 

2.6 


7.70 

122/85 

68 

44.2 

Normal 

6. 1. 1. 









4/20 

9.8 


15.6 

8.20 

Kc 1. » 

96 

54.6 

Headache 


9.8 

— 

17.9 

8.00 


102 

45..5 

Normal 

7. E. D. 









11/19 

9.9 

3.2 



8.50 

108/78 

62 

50.5 

Headache 


9.6 

3.7 

— 

7.75 

114/78 

60 

47.0 

Normal 

8. P. S. 




i 



i 


1/24 

9.9 

3.5 

16.0 

9.50 

150/100 

SS 

49.0 

Headache 


9.6 

3.0 

16.0 

8.80 

126/SO 

54r 

43.5 

Normal 

9. E. D. 


t 





i 


1/5 

9.3 



— 

8.10 

122/70 

SO 

48.0 

Headache 


9.4 

3.5 

— 

S.IO 

112/68 

56 

47.1 

Normal 

Mean 

9.6 



8.55 

132/89 

84 

49.0 

Headache 



9.4 



8.19 

122/83 

76 

47.0 

Normal 


3. ilensirual Migraine . — A few patients with menstrual migraine have two 
types of headache. The first is a dull, generalized headache which may occur 
during the week preceding menstruation at the height of the estrogenic salt 
and water retention and may be due to a relative hemodilution. tL second 
type, a tj-pical migraine sjmdrome, occurs around the first day of men.sfrnation 
and is perhaps due to the quick rebound phenomenon de.scribed by Harrop = 
Table III summarizes the findings in five menstrual migraine headache.s It is 
evident again from these data that the only common factor at the'timc of the 
menstrual migraine headache is a decreased hlood volume as indicated bv 
relatively higher serum protein level at the time of the headache. The .subject 
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Table ni 


Mexstkcal Migilmxe He^vdache 



CA 

MG. PER 

100 C.C. 

p 

MG. PER 
100 C.C. 

K 

MG. PER 
^ 100 C.C. 

PKOT. 
GM. PER 1 
100 C.C. 1 

BLOOD 

PRESSURE 

PULSE 

HEifATOCRIT 

% 

1. 

A. U. 
2/27/39 

9.3 


19.1 

8.00 

94/74 

84 

42.0 

Heatlaclie 


9.5 

— 

19.9 

7.70 

100/74 

76 

40.5 

Hormal 

2. 

A.U. 

3/22/39 

■ 9.9 

3.0 


8.00 

98/68 

92 

42.0 

Headache 



9.7 

3.7 


7.90 

105/75 

84 

41.0 

Normal 

3. 

E. S. 
11/22/38 

8.5 

2.8 


7.85 

122/82 

68 

43.2 

Headache 



9.1 

~ 

18.7 

7.10 

115/76 

64 

43.3 

Normal 

4. 

W. 

2/8/39 

9.0 


17.5 

8.70 

118/80 

76 

1 42.2 

Headache 



9.0 

— 

— 

8.00 

120/72 

88 

40.3 

Normal 

0, 

M. S. 

12/16/39 

9.8 

.3.8 


8.94 

120/85 

SO 

42.0 

Headache 



9.2 

4.4 



8.30 

1 114/85 

SO 

46.0? 

Normal 


Mean 

9.3 



8.30 



42.3 

Headache 



9.3 



7.80 



42.2 

Normal 


T^vble R'’ 


CojiPAEisox OF Blood Fixdin'gs — CAFFEI^■E-■\TITHDP^■^7AL Headache Migp^xe Headache 


1 

BEFORE I 

DURING 

1 AFTER 

Serum 

C. IV. H. 

(17) 

9,5 

±.4* 

9.1 ± .4 


Calcium 

Migraine 

(15) 



9.5 ± .6 


Serum 

C. W. H. 

(17) 

3.2 

±.5* 

3.6 + .5 


Bliosphorus 

Migraine 

(15) 



3.1 ± .5 


Serum 

C. IV. H. 

(17) 

8.2 

±.4t 

7.9 + .4 

81+^ 

Proteins 

Migraine 

(15) 



8.4 ± .4 

7.8 ±.3 

Hemat- 

C. W. H. 

(17) 

48.2 

± 2 

46.7+ 2 

47.9 + 2 

ocrits 

Jligraine 

(15) 



44.7 ± 2 

1 43.8 ± 2 


•Jig. per 100 c.c. ± Standard deviation. 
IGm. per cent ± Standard deviation. 


in parentheses represent the number of subjects and patients used ir 

with^^ffelif calcium and phosphors foun^Fn sF 

headaches does not occur in m « - , . _ n sl 

judged by the changes in the hematocrits and 


headaches. 


serum proteins, is opposite in. the two 


In 1927 Loevenhart et al.« postulated that headache could arise from 
changes in volume or pressure of any one of the three fluid or semifluid media 
Jvithin the rigid confines of the sh-ull. They defined these three semifluid media 
as the blood, the brain, and the cerebrospinal fluid. Headache resultinrr from 
changes in the volume of the brain and cerebrospinal fluid is veil knoivn and 
self-explanatory. In order to complete and clarify the discussion ve have 
summarized in Fig. 1 the known hydrodimamic factors which mi<rht nossihlv 
be involved in all ti-pes of headache. The pain-sensitive structures within the 
cranial vault, namely, the cranial blood vessels (arteries and veins) the diirn 
the tentonnm cerchelli and the falx cerebri, are depicted. The varionc fl ; i’ 
pressure forces which might cause an inerea.sed excursion of the blnn 1 ' 
or an abnormal stretch of the .supporting membranerare o I n ■''''I"' 

5?.ncc the headache due to changes in cerehro.spinal fluid vJlume mid acS 
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Tii!: .lotniNAi, or i.AiioitAToity and cMSKrAi, MWUctNi; 


l)niin voluDU' is soir-oxplaiDitory, the (Hscussion Avili lx* iiniitetl to tiu* changes 
in ofi'octive blood volume nnd periphern! A’nseubir lone. While known data 
are not nvnilnblo on efrective blood A'olume or eardiae output eliaiifre.s in nitrite 
or histamine liea<la<die, it is sus]>eefed that siin-e these headaches do not occur 



at the time of the liypolension from the drugs, they may be connected with 
the rise in blood pressure following the period of hypotension. If an increase 
in cardiac output occurs during the liypotensive period, the headache could be 
caused by a relative increase in the effective arterial blood vohxme at a time 
when the peripheral blood vessels are constricting. The data on ‘‘caffeine- 
withdrawal” headache' support the theory that this type of lieadache is aceom- 
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panied by a relative increase in the effective blood voliiine. Conversely, these 
studies have substantiated the hj*pothcsis that headache of the migraine and 
relaxation types is accompanied by a relative diminution in the blood volume. 

Hj’pertensive patients are known to he frecpiently afflicted with so-called 
“tension headache.” Experimental subjects in this laboratory have experi- 
enced similar headache with large doses of ephedrine or neosjTiephrin. It has 
been our experience that severe, persistent, frontal headache (occasionally 
'ss'ith nausea and vomiting) occurs when normal subjects are given intramuscu- 
lar doses of neosynephrin HCl in excess of 10 milligrams. This is relieved tem- 
porarily by inhalations of amyl nitrite; hut complete relief does not occur 
until the blood pressure returns to normal. This could be accounted for by a 
sudden increase in peripheral vascular tone without an equal diminution in 
effective blood volume and cardiac output. A portion of the data in this study 
supports the theory that some migraine headaches may be accompanied by a 
marked decrease in peripheral vascular tone, and this is reflected in the semi- 
sbocklike level of blood pressure obtained at the time of the headache. 

The treatment of migraine headache should, then, be directed at increasing 
the blood volume or restoring an intense peripheral vascular tone by strong 
smooth muscle stimulants, such as ergotaraine tartrate or amphetamine sulfate. 
When this is effectively accomplished, the excessive excursion of the cerebral 
blood vessels subsides with subjective relief. 


SUMM.ARY 


Data are presented which justify separation from the so-caUed “common 
headache” of two new tjijes, namely, relaxation headache and “caffeine-with- 
drawal headache.” The former is accompanied by a decreased blood volume, 
and the latter may be ascribed to a relative increase in the effective arterial 
blood volume. No consistent blood electrolyte changes occur with relaxation 
or migraine headache. The determination of the sei’um proteins and hemato- 
crit during and after migraine headache indicates that the migraine syndi-ome 
is accompanied by a relative hemoconcentration. Many other known factors 
in this syndrome can be correlated with changes in blood volume and periph- 
eral vascular tone. 
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CHHONIC BUUCKbl>OKAli TVl’K <)F ANKVLOSlN’(J SI’ONDUjITIS 
K. (Joi.ni-Ais, M.n.. Oklahoma Cn v, Okla. 


T-\1:UIK0 tlu' past foui- yoiirs roiifuio l«>sls Imvo bta-n done ''' V'\ 

L/ patients wit!) ankylosin): spinidylilis who eaiin- to the o ’‘j'' . ^ 

These tests, in a.lditio), to nthe,-s, eonsisted of .■.-h.th.al.on 
find skin lost foi- hiaioollosis, haeterial eoinplornent fl.Sfilion to. ^ 
strains of streptoeoeens fintit'ens, espeehdly honiolytie, viridans, ’ 

find alphfi pi-inie Slnptovocrus riritlaus: and stein tests wit!i a 
lococeiis strains, sue!) ns the lieniolytie, vindans. alplia ]'Hn» 

hcrnoiytie, and anlieinolytie St reiPoeoecns types. Of the 

In all Ihoro lifive been ei-Iiteen <-ases of ankylosing' sfiondyh . . 
eighteen patients two weie Avoinen. indiealin!i tlie usual ifilto o>sii'e< 
kvlosinu' spondvlitis of niale to fennde. appro.x'nnately S to 1. 

Fi™ „»tienl» SUV,. ,|«i.o ivv .kin, ..ssh.linali,..., ».ul ^ 

tests for hnieellosis. Katlnn- inlereslin«r it was tiuit tliose Avho |:aNe ^ 

tive hrueellosis tests in general gave e.ssentifilly vnu^ 

for streptoeoecal jintihoflies and by skin test, hhieh ivaOent uu j. j’ , 

toms for duite some period of time. A diagnosis « r’" , 

based upon a chai'aeleiistie histoi-y. projmr physieal lindings, and 1 h ^ . 

tion hr x-rav of changes in the vertebral ligament.s indicative of ankjloMU.. 
spondylitis, as avcII as of .saeroiliae joint involvement. 

Agglutination tests for hrueellosis Avere earned out In dit , 
method. The opsonie index tost was done according to the ^ ^ 

hv Huddlcson and otliers; the skin test was earned out by ni.icetin._ • 
normal salt solution eontaining 10 million brucella orgaTn.sms. _ 

Streptococcal antibody tests were done in each ease. It was itl tl 1 ^ I 
coceal .skin tests .should he performed in such a Wfiy tbfit there would I t n 1 ^ 

lion' when fi positive reaction was obtained, that definite ^ 

•IS scvenlv-two or ninety-six bom's. 

A red cell .sedimentation le.st was done ni every ease. 

■on- nf the literature in rc.spcet to eomplieation.s of eithei iC 

Itlosis bu elpeciallv of chronic or eonvnlescont brucellosis, re- 

chrome litcreUrrc. 

vealed ' j » makes some of the folloAving important observations a i 

„„ j'en SS W of «.c ntcru.,.™ h. hi. or.icle, The roUt h.. 

survey rcvculs . 

for 

BOM * J«>« ,J,C 
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1. “Spinal localization is the most common bone and joint complication of 
brucellosis.” 

2. “Localization may appear during any phase of the disease. Localiza- 
tion may be independent of a history of previous ailment. Localization as a 
complication is more common in the convalescent period. 

3. He quotes Serio: “Local recurrence of the bracellosis is probably due 
to a lack of immunization to the organism. 

4. “Localization oecui’S most often in the lumbar area. 

5. “Frequent locomotor sjunptoms of chronic brucellosis are those of 
arthralgia, jomt effusion, joint swelling, or a combination of arthralgia, joint 
effusion and joint swelling.” 

6. “The pathologj- has usually been described as an epiphysitis. Abscesses 
of vertebral bodies and/or vertebral discs have been described.” 

Bishop also quotes: 

“Under pathologj- Feldman and Olson described in the hog irregular ab- 
scesses in the vertebral bodies and intervertebral discs. They were able to re- 
cover the organisms from ten of these eases. They described 0.5 to 3 cm. grayish- 
white, thick, pasty or caseous localized areas and occasionally sequestra. Certain 
lesions presented a crescent-shaped caplike inflammatory* proliferation of oste- 
ogenic tissue bridging the' inteiwertebral space on the ventral surface of the 
affected vertebrae. They concluded that the amount of ossification is variable 
depending on the duration of the lesion.” 

Bishop — ‘ ‘ Their gross description of these lesions in hogs is compatible with 
the x-ray picture in human cases.” 

Bishop also quoted Serio as stating that chronic bony spurs on the anterior 
surface of the vertebral bodies would be noted as a part of the pathology and 
that occasionally calcification changes in focal areas would appear in the verte- 
bral bodies instead of deealcification as is seen in tuberculo.sis. In other words, 
a characteristic zone of sclerosis instead of demineralization may occur at the 
original site of a brucellosis focus. 

Bishop — “Serio states that these sclerotic changes accompany the infiltrative 
process, which infiltrative process gradually extends and may involve the entire 
vertebral body, and at times various processes of the vertebrae.” Bishop also 
quotes: “There is variability of site and extent of lesions of the brucellosal 
complications in the spine. They may be confined to the disc and yet no nar- 
rowing of the disc or only very mild narrowing of the disc may* occur. Often 
the vertebral body is normal or it may often be sclerotic or irregular. The origi- 
nal lesion may be masked by* concomitant periosteal reaction, such as lipping or 
spurs on the anterior margin of the vertebrae.” Bishop also makes specific 
mention from the literature of the fact ihat occasiov.aUij an anteroposterior view 
of the spine will show the sclerotic processes following the contour of the inter- 
vertebral disc. He also states that in cases in which the condition is more ad- 
vanced con.stant and characteristic x-ray changes may be pre.sent as follows* 
“That all showed a reactive change, increased calcification of the bodies cir- 
cumscribed or diffuse, with proliferation of hone .spurs across the interspace 
Occasionally in the more severe cases deformity of vertebral body* or involvement 
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TIIK (H- I.AlirUJATOin’ AM) CI.I.MrAt, MKDIClNi: 


of IJir (irhntliir favrts irill orcur. Hoiiy fusion of tin* hridKcs Iiclwecii liio jkI- 
.jiiccnl l)oilics is u common fiiuliii". ” 

iiislio]) lurtlior (iiiol<‘s: *• [lardy and >simi)son, indcjx'nilcnlly of cncli other, 
i'oi)oi-(ed (liat ono-t Idl'd of patients witli I)nicclIo.sis had sirverc ai'tliral!,'iii. 
•straclin, in a tlicsis on an cpid(‘nd<' of nndnlant fcvci- reported ocenrrin.!: in 
South Africa iti recorded 2(58 cas(‘s in wiiic*)! joint sweliintr and effusion 

occuri'ed in lo.S i)er cent.” 

Tiio symi)toms of ankylosint; s|)ondylifis as a eomi)lieation to <'!in)nic 
hrueellosis ai'e those of a ease of infections sponiiylilis in which pronounced 
rigidity ot the si)ine, either locally or throntthont its entir<‘ extent, plus cither 
local or din use mns(*Ie spasm, will he present. Kicidily of tin- s|)ine is especially 
l)resent if the intervertehral articulations are involved. 

The diairnosis of ankylosiii!' sjxmdylilis line to hrueellosis must ho based 
n])on the history of hack pain in patient.s who have imd hrueellosis in the past, 
in those who have sonu' ot the .symptoms of chronic hi-iieellosis, or in those who 
give sti'ongly eooi'dinated lahoriitory and skin tissi findings itidieating the i>re.s- 
ene(> ol either past or'iu'esent ehroide hnieeih'sis. 'I'he agirliitination and ojisouie 
index tests jire very imiiortant, e.si)eeiidly the agglutination te.st. Often, as in 
other illne.sses.'the agglutination test mjiy he negiitive or oidy very slightly i>osi- 
tive. even though the diseasi* proee.ss is present in the individuid. The .skin 
te.st should jilwjiys he strongly positive, though cjises are ri'ported where a 
long-stjinding etise ol chronic brucellosis complication m:iy Inive ti negative skin 
tost. The while blood cell count is usually nornml or low. The ])alienl.s may 
or niiiy not Intve a tempi'ralure. '['he sedimenliition ralt' mtiy he accelerated. 
There should he negative findings for typhoid, if .synijili'ms tire acute, tind nega- 
tive findings for tuhereulosis. 

Of course the recovery of the org.-nnsm from the hsions is the most impor- 
tant confirmatory rinding that could he had. Hut its atlemiilcd recovery from 
chronic ea.scs affords essentially a marked lack of imsilive resull.s. It is a diffi- 
cult j)rocedui'e at the very best to recover organisms from a chronic brucellosis 
case. The usual findings that are in-e.seni in a ca.se of ankylosing .spondylitis 
.should be jirc-sent, usually in a male, in the lo-to-l.o-year age group, with evi- 
dence of involvement ol the sacroiliac and ai)o]>hyseal joints, and the ju'cscnec 
of calcification of .some parts of the .sjiinal ligaments or sacroiliac joints. 

The development of the di.sease syndrome can he divided into three ])hases, 
the first phase being that of inexplainahle .symptoms and known as the pre- 
spondylilic iihasc; the second jihasc being one in which .sacroiliac joint involve- 
ment can be demon.straled ; and the third j)liase Unit in which definite and 
marked spinal rigidity is noted. The x-ray should be iiosilive during the sec- 
ond and third phase.s. It will be negative during the first pha.se. 

PATHOLOGY 

Gunnar IDdstroni- cpiotcs the pathology of ankylosing sjiondylitis as being 
a clironic synovitis and tendinitis with round cell infiltration, hyperemia, and 
proliferation of the connecting tissue. These pathologic findings could be noted, 
in anj’ instance of an infection, Avhether such infection be by one or another 
luiown or unknown organism. 


=Acta mcd. Scancllnav. 101: 306, 19-10. 
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T. Lloyd Tyson’’ describes the pathology as “a primary synovitis of the 
intervertebral joints with subsocpiciit calcification of the ligamentous structuies 
and eventual rigidity of the spine.” The .synovitis of tlie small interveidebral 
joints may be accompanied by osteoporosis of the vertebral bodie.s. There is 
present also at all times .synovitis of the sacroiliac joints, SjTio’V'itis of the costo- 
vertebral joints may be present. Later calcification of the long ligaments, of 
the ligamentum flavum, and the ligaments at the lateral border of the inter- 
vertebral discs will occur. He states that the pelvic and .shoulder girdles may 
be affected. He notes e.specially that the .small joints, when they are in%oLed, 
are of a t^1)ical rheumatoid artliritis involvement. This obser\ation A\as also 
reported, in the in.stance of two ca.se.s, by Goldfain.'* 

Jacques Fore.stier,’’ under the heading ‘‘The Importance of Sacro-Iliac 
Changes in the Early Diagnosis of Ankj'lasing .Spondylitis, states: Atrophic 
arthritis of the joints between the facets of the vei'tebrae in the infiammator\ 
stage is followed by bony ankylosis.” Latei’ ossification of adjoining ligaments 
(ligamenta flava) and anterior and po.sterior vertebral ligaments occurs. He 
stresses the importance of noting by x-ray tbe presence of early changes in the 
sacroiliac joints. His description of the x-ray changes in tlie .sacroiliac joints 
would seem to be the description of changes that are often seen in joints having 
rheumatoid arthritis type of patliologj'; namely, first there appears marginal 
decaleifieation, later there appear pyknotic formations, and finally in the last 
stage total .s3Taostosis. 

Table I 


CHBOxir Brccellosis SP0XDYLm.s, Ankvlosi.vo Type 


I’ATIEXT 

DIAGXO.SIS 

BRI'CELLA 
AGG 'K 

BBL’CEI.LA 

OPSON'IC 

INDEX 

BF.U- 

CEBI.A 

SKIN’ 

TEST 

STREP, 
B.C.F. TEST 

STF.EP. 

SKIN 

test 

SED. 

TEST 

o ‘ 

>^d 


HH 

40% moder- 
ate 

-r4 

1 

1 

- 

No. 2, 
K.E.K. 

Ankylosing spondylitis 
(Mnrie'Strumpell) 

Complete 

1 1-200 

12% moder- 
ate 

.52% mild 

-hi 

r4 Hemo. S. 
f4 APV .S. 

hi NH .S. 

1-f 

-f4 

No. a, 

G. G. 
(female) 

Ankylo.sing spondyliti.s 
(ilarie-Strumpell) 


70% marked 

i 

f4 Hemo. .S. 
f4 j 

Hi 

r 

. 1 

1.'- 

■ 

.Vo. 4, 

c. n. 

.\nkylo.“ing spondylitis 
(Marie-.Striimpiell) 

Marked 1-25 
Partial I -200 

4% marked 
20% moder- 
ate 

0S% mild 

■M 


- 

-41 

No. 5, 

A. K. S. 

Ankylosing .spondyliti.s 
(Marie-Striimpell ) 

Marked 1-50 

Partial 1-200 

4% moder- 
ate 

■10% mild 

-s4 

C! Alpha 
prime 
viridan.s 


. n 


('o.''imi;nt on gases quoted — tahli; i 


Cake 1. — C. A. W. Tlii... |):iticnf liv<?<l in ;i small Oklaliom; 
«ns poorly pnicl iood. Tlioro wa.- .'i lai-l: of otlior findinjis oxcopt 


i town wliore pa.-tourizafion 
a Vt-ry pinall infootod 


*.M. Clin. Xorth .\mi-Tien 21: 17.'..'. 1937. 
M. I.Aiu <'UN. -Miai. 27: IfS. 1911. 
m.ndloIoRA- .1.1: 3S9. 1939. 
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TllK ,)()UltN.\L or KAIIOUATOISY ANI> rMNICAl- MKOKtlNl". 


romnunt tisnuo, tlu- ri’movul of wliicli <lit] n»l liclji liis Improvi'nii-tit lonk 

on gt'nernl niedicul m('u“iiro.'< nml htu'tiTiiif thfrnjiy. 

Cash 2. — E. 3-L E. The putiftit V wnF in « Miiall town in tin' pnnliiiinllf' of Toxa", 
where no pfisteurir.nlion of milk was pmetim!. In tlii«- c.'i'-e j-I l(•.‘'tF for tlnee Ftrain? of 
Ftrcptoeocci were preHoiit; Iniwever, the pre-i-nee of etrotlftly poFitive njjelnlinaliitii, op'Onii' 
imlex, and nkin te«tF for hnwelloFiF, phis hint; diirnlion of iroiiltle nml suKKi-^tive podtive 
history, justified luholinf; this ense ns due to linn-elhisis. 

This patient did not resjtond well to haeteriiie tln'nipy. 

Cask 3. — G. G. The history <if lon^j eontiiuied illness, Iti“tin;; several years, with ejii-odcs 
of fever, residence in ii small town in the past, prc'enee of ,-nnie eondition in a lirother vlwni 
I examined Imt did not. tretit, plus strongly positive opsonic imlex, ae^hitinatien, and skm 
teat for hrucellosia justifies listini; the patient us hriicello-al spondylitis, !in!:yl(isinc type. 
Siio responded quite well to Iiaeterine therapy, 

Cabk -I. — C, E. This jiatieiit was livine on ii farm wlien his rheumatism ts'^an with 
nrtiiralgins. Eemnval of his tonsils di<! not help. I.oss of \\eii;ht and weakness were prom- 
inently present. The nepitive antihody and skin tests for streplfsTwi'i and stronttly positive 
opsonic index and skin tests am! moderately positive aotjlnliniition test.s justify a diapiosis 
of chronic hnicollosal .spondylitis, ankylosinfj type. The patient's re.-ponse to treatment 
ha.s been only moderately favorable thus far. 

Case 5. — A. E. S. This patient lived in the panhandle of Texas. He lived on a farm. 
Jlilk was not pasteurir.od or boiled. His sister also had lirm-ellosis. Hi a period of eighteen 
months on routine arthritic maniip’inent and bnteella baeterine his sedimentation lest had 
become normal, and patient is free of .symptoms. 


CONX'Idi.siONS 

1. Of ciglitoen ca.so.s of ankylosing .spondylitis, five can 1 h* lislod as heiiig 
caused by chronic brucellosis in this series. 

2. Ankylo.sing spondylitis is a .symptom eomple.x. The ctiu.se mtiy he tin 
infection xvliich can be cither dcicrmined, as tipptirently the five cases quoted 
could be, or nondclcrminable in our pro.scnt .stage of knowledge. 

3. Chronic brucellosis, like syphilis or tuberculosis, is iirotean in its tnaii- 
ifestations. It may rcvctil itself in diflerent wtiys. Ajiptircntly one of the com- 
plications of chronic brucellosis may he that of ti rheumtiloid type of arthrili.s. 
which when limited to the si>ine presents tlic symi>tom eomi>lex of ankylasing 
spondylitis. 

KKKKnKNCRS 


Bishop, W. A., Jr.: ycrtcbral Lc.sions in Uiidiilnnl Fever, J. Bone * .Toint Rurg. 21; fiO.'i, 
1939. 

Caldcr, Eoyall Jf.: Chronic Bnicello.>‘i.s, South. Jf. J. 32: I')!, in.'tn. 

Dawson, Martin Henry: Helsoiv Loose Leaf Living Medieine, Vol. V, p. <!.">L 
Edatrom Guiinnr: Is Spondylarthriti.s Ankylopoictica Indepeiideiit in.'-mu-e or Itlioiimatic 
’syndrome? Acta mcd. Scandiiiav. 104: 390, 1940. 

Evans Alice G.: Chronic Brucellosi.s, J. A. Jt. A. 103; 00.1. 1934. 

Evans’ Alice C.: Studies on Clironic Brncello.si.s: I. Introduction. Fill). Health Ecp. 52; 

A^Uco’c^'**^ Studies on Chronic Brucello.sis: II. Description of Tochiuque.s for Specific 
Tests Pub. Health Hop. 52: 1419, 1937. . 

V Mice 0 • The Distribution of Brucella Molitensis Variety Jfeliteiisis in the Unitca 

Evans, Hep. 52: 295, 1937. ' . . 

-r^ Alien C Eobinson, Frank H., and Baumgartner, Leona: .Studies on Chrome 

Evmns, iv. An Evaluation of the Diagnostic Lahorator.v Tests, Pub. Health 

.r, *- ^^Tnn^mtps^^*Tho^^Importanco of Suero-Iliac Changes in the Early Diagnosis of 

Fore.sUcr^ J^cqu^^ Spondylitis, Hadiologj- 33: 389, 1939. 



FRISCH ET AE.; 


CHARACTER OF SPUTUM ^VXD PXEUAIOCOCCIC PXEUAIOXLV 1231 


Foshay, Lee, and LcBlanc, T. .T. : The Derivation of an Index Isumber for the Opsono- 
cvtopliagic Test, .T. Lar. iS: Cmn. Med. 22: 1297, 19.17. 

Gould, S.'e., and Huddleson, I. F.: Diagno.stic Methods in Undulant Fever_ (Brncellosis), 
With Results of a Survey of S,124 Bensons, .1. A. M. A. 109; 1971. 19.17. 

Hare, Hugh F. : The Diagnosis of Marie-Striimpell Arthritis With Certain Aspects of 

Treatment, Kew England .1. Aled. 223: 702, 1940, 

Huddleson, 1. F., Monger, Myrtle, Gould, S. E., and Paulson, Doris: A Study of Brucella 
Infection and Inimunitv in Human.s, Am, .1. Trop. Aled. 17: .S63, 1937. 

Keller, Alvin E., Pharris, Crit, and Gaub, W. H.: TTndulant Fever; Comparative Value of 
Certain Diagnostic Tests, South, M. .1. 31: 1, 1938, 

Lautman, Maurice F.: Chronic Arthritis of the Spine: Its Relation to Rheumatoid Dis- 
orders, Arch. Phys. Therapy 18: 630, 1937. 

Poston, Mary A.: Studies on Chronic Bruccllo.sis: m. Methods Used in Obtaining Cul- 
tures, Pub. Health Rep. 63; 1, 1938, 

•Simpson, Walter At.: The Diagnosis and Management of Brucello.sis, Ann. Int. Aled. 15: 
408, 1941. 

Tyson, T. Lloyd: Spondylitis Ankylopoietica, M. Clin. North America 21: 1755, 1937. 

Ziskind, Esther Soraerfeld, and Ziskind, Eugene: The Neurologic Aspects of Ankylosing 
•Spondylitis, Bull. Los Angeles Neurol. Soc. 2: 185, 1937. 


the .significance of the gross character of the sputhm 

IN THE prognosis OF PNEHSIOCOCCIC PNEIHIONIA® 


Arthur W. Frlsch, JI.D., Alwn E. Price, M.D., .and Gordon B. Myers, M.D. 

Detroit, iMiCH. 


D ECENT studies eoneerning the important role of edema in the severity and 
^ spread of the pneumonic process in the lungs'"'’ ”• “ have stimulated 
our interest in the character of the gross sputum in pneumonia. At necropsy 
ive noted a Andespread, heatily infected zone of inflammatory edema in the 
lungs of patients -who had produced large quantities of sputum during life. On 
the other hand, a narrow, well-defined edema zone at the periphery' of the ad- 
vancing consolidation was present in patients who raised small amounts of more 
tenacious sputum before death. On the basis of these observations the foi-raer 
eases were classified as “wet” limgs and the latter were designated as “diw” 
lungs. The characterization of cases as dry' or wet lungs was then extended to 
include all pneumonia patients in whom the gi-oss sputum was e.xamined at dailv 
intervals duiing the course of the disease.®® In the present study of 6.51 case's 
exclusive of Type III,t these findings have been correlated Anth tlie number of 
pneumococci per oil immeisiion field in Wright-stained smeai-s of sputum.’- ^ the 
type of pneumococcus, blood culture, leucocyte count, age of the patient dura- 
fion of the disease, the extent of involvement, and the outcome of the pneumonia 
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of Medicine and Receiving Hoppilal, Detroit, Michigan. 
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••The following report has been restricted to pallenLs wlio producr-il mefv ^ 

factory specimens were obtained from 90 cent of the cas^s due t* 

tbe remaining lO per cent, who were either uncooperative or unablo tr. tlirough 

ttcr.; oxcluiiod from th<! .-UkIv. ® unaoie to produce rusty sputum! 

trim outcome in Type III pneumonia U detcrmlnf-d primarllv h,- 
poij'saccharides formed in ilie sputum and iunps.=. *• amount of capsular 
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Tin: jouKNAL ni’ hAiwmAToiiy and c/.inicad mi:di(:ini: 


Min'HOD 

On iulmissinn In tin* liospitnl tin* jKificiils wj-rc rctiiii'.sffil to coni'll iiii'l cx- 
]H’etor;it(! into u conliiincr. Oliscmitions cuiiccniirij' flic ciisc of production iind 
the qnnniity of Kpiitum won* niiuh* jil the hcdsidc. 'J'hc specimen.s were then 
tiikon to the Inhorntory, exnniiin'd iimlcr a stronir liitlit, and portions were re- 
moved tor spntnni eunnt.s in the iiianner previously dcserihed.'* " The classifl' 
cation oi jiatients as wet or dry luiitrs was usually, hut not always, easy. Those 
patients xvho produced liomoi'cneotisiy rusty, watery to thin "clatinoiis simtiim 
in considorahle ipiantities and with relative case on couirhiiii!: wci‘c (.’lassificd as 
wet hull's. Those who, ujion vi*rorouK couirhiu!'. raised small amounts of viscid 
.sputum, which was either honioireneously rusty or mixed with mucoid or niiico- 
purulent material, wen* called dry liini'.s. In ilehytiraled jiaticnis the final 
classification was deterred until adeijuate Iluids had heen administered. In 
hordcrlino cases the cnnsist(>ncy of the squitum was the chief factor in determin- 
ing cla.ssification. 

i{r_sfi,T.s 

Studic.s oi GTS cases of iincumococcic jmeumonia repoited in detail cl.se- 
xihcrc^ liave .shown that the fatality rate was only 2 jicr ri'iif when the averaiie 
numher of pneuniocoeei per oil immersion field in Wrierlit-staincd snicar.s of 
sputum did not exceed 10 ((troup A). 'I'lie fatalitx' was 9 per cent when the 
sputum count ranged hetween 11 and 30 per field (tlroup B). 30 per cent when 
31 to 75 organisms were jirosent (<tron{> C). ami 77 per cent wlion the munlier 
c.xceedcd i5 jier field (ttronp II). '}’Jie relation of the gro.ss eharaclor of the 
.sputum to the mieroseotue eonnts and to the onleome of (ho disease is pre.scntcd 
in Table I. 3'he fatality rale was 6 per eonf for all ea.ses elassified as dr.v lungs 
and 23 per eent foi* (hose designated as wet lungs. WJien the comjinri.son ivns 
restricted to patients whoso sputum eouiits fell within a similar range, the 
fatality rates lor (lie dry and wot lungs were essentially the same and wore pri- 
marily infiucnccd by the iinmher of pneinnoeoi'ei present ; however, only 7 ]icr 
cent of the dry and 41 jier cent of the xvet lungs Jiad more than 30 pneumococci 
per field in their sputa. The clo.se rehitioiisiiip i)etwcen (he .sputum count and 
the character of the pneumonic exudate is further emi>has;ized by a oonsideration 
of the percentage of total ea.ses within a given sj)ulum groiij) wliieh were ehi.ssed 
as dry or wet lungs: thus So per cent of the eases in Hronp A were dry and 
15 per cent were designated as wet lungs. (Corresponding figures for Group B 
were 45 and 55 per eent ; for Grouj) C, 28 and 72 per cent ; for Group D 2 and 
98 per cent, respectively. The signifieanee of these data will he di.scusscd. 

In a previous study^ it was also found that type, qualitative bacteremia, 
leucocyte count, and duration of the di.seasc before therajiy were relatively un- 
important factors in prognosis when compared with the number of pneumococci 
in tlie sputum. Since 80 per eent of the iiaticnts with more than 30 organisms 
per field were characterized as wot lungs, it seemed important to determine the 
relation between the gross .s])ntum and otiior prognostic factors. In Table II 
the casc.s have been classified according to (lie iirosencc or absence of haetercinia. 
Of the total group of 651 iiatients studied, 59 ])er cent were dry and 41 per cent 
were wet lungs. Among tliose with negative blood cultures, liowever, the in- 
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ciclence of dry and -svel lungs was 75 per cent and 25 per cent, respectively. 
These figures were revei-sed in the group with positive blood cultures, where drj- 
lungs were found in only 26 per cent and wet lungs in 74 per cent. It would 
appear, then, that blood stream inva.sion may be dependent upon the formation 
of large amounts of exudate in the edema zone of the lungs. 


Table I 

Reiation* of Dry axd Wet Luxg.s to Spunijr Count.s 


SPUTUM GROUP 


DRV : 

LUXG 

i 

1 

WET 

LUXG 

1 

1 TOTAL CASES 

CASES 1 

j DELVTIIS 1 

CASES 

[ DEATHS 1 

XO. 

% 

DRV 

% 

'U'ET 

xo. 

%OF 

TOTAL 

XO. 

% 

FAT. 

XO. 

%or 

TOTAL 

XO. 

% 

FAT. 

A 

10 or less 

262 

69 

o 

1 

47 

18 

2 

4 

309 

85 

15 

B 

11-30 

92^ 

24 

10 

11 

111 

41 

8 

7 

203 

45 


c 

31-75 

27 

7 

mm 

30 

68 

25 

21 

31 

95 

28 

7 ‘> 

D 

Over 75 

1 

0 

■1 

100 

43 

16 

32 

74 

44 

2 

98 

Totals 

382 

100 

1 21 

6 

269 

100 



651 

59 

41 


Table II 


Relatio.x of Dry and Wet Lungs to Bacteremia 



xegati\t: 

BLOOD CULTURE 

posirm: 

BLOOD CULTURE 

TOTAL CA.SES 


sputum group 

CASE.S 

CASES 


1 BLOOD CULTL'EE 


XO. 

% OF 
TOTAL 

no. 

% OF 
TOTAL 

NO. 

% 

NECATTVE 

% 

POSITIVE 


327 

75 

55 

26 


86 



112 

25 

157 

74 

Hia 

42 



439 

100 

212 

100 

! 651 1 




Table III 

Relation of Dry and Wet Lungs to Type* 


TYPE 

DRV CASES 


CASES 

NO. 

% OF TOTAL 

XO. 


I 


54 

69 


II 

60 

55 

48 


VII 

67 


45 


VIII 

45 

57 

34 


Others 


64 

73 


Totals 

382 

59 

269 

41 

•Type III not included. 


The relationship between the gro.ss character of the sputum and the type of 
Pneumoeoceus re.sponsible for the di.sease is .shown in Table III. A breakdoum 
of the cases revealed that the percentage of diy and wet lungs in Types I II 
yil, and VIII pneumonia did not deviate -significantly from the mean of 59 and 
41 per cent, respectively. Thus there was no evidence from this study that the 
fomation of large amounts of exudate in tlie lung is a properly peculiar to cer- 
*niii types of pneumococci. 

The relationship between leucocyte counts and the gross ch-ir'.ctrr a 

y>utuni is presented in Table IV. Among the total grm.p of 4^ cases ■ 7 

leueocytosis the ineidencc of drj' and wet lungs was 64 -md ' 

>■ anu .ib per cent, re- 
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spoctively, as conijnim] wifli 43 aiul ~u [U'r ci'iif in Oio 2')4 patii'iifs with Inico- 
cyto counts below 10.000 pev cubic iiiillirnctcc. These ti'.'urcs reveal lluit there 
is n definite trend toward leueojn'uia in wet luni'- eases, but the din’erenec.s were 
too small to siipfrest that a deficit of leiieocytes is the chief factor in the fornaition 
of the edema zone in the luu". 

The rolntionsbip between the pross chaiwter of the siuitum and the dura- 
tion of the disease on admission to the hospital is shown in Talde \'. fbily 34 
j)Cr cent of the total eases wru’c seen more than fKi houi-s after the juieiiiiionia 
bad developed. I'bc incidence of dr.v and wet lunu's, however, rcaiained aj'prox- 
imately tbe same irrespective of the duration of the disease. It was conchidod 
from these data that tlie length of time the iiatient was ill jdayed little, if an.v, 
role in the formation of larpc <iuanfilies of exudate in Uie Inner. 


T.mim: JV 

IiKi.ATios or l)/;v .\xii Wkt I.rscs to Lrrcoi-vTr. Coc.vt 




sri'Ti’.M onoor 

10,000 AN'O 
UVKU 

.‘,.000 TO ww 

I.r.SS TUAN 
.A.OOO 

! TOT.M, CASK.S 

1 

<'AK!:s 

1 

j CASKS ! 

CASKS 

1 

NO. 

uwcoem 

COVXT 

NO. 

o>' 

T<n'M. 

NO. 

f/r OK 
TOT.M. 

NO. 

'r "K 
TOT.M. 

ft 

ovri: 

10.000 

ft- 

mu.ow 

10.000 


IHM 

(M 

ai; 


■ti.’ 1 

its 

m 

L'O 

i ! 

1 •>'' 

are 

giU 

s;: 

! (Ut 

17 

r. i ^ 



too 

us 

mo 

■BBB 

1 i 

f>:i7 

1 71' 

1 ts __ 


'J'Am,K V 

IlEi.ATiox OK Di:y -\ni) tVCT Li’.N'os TO PiaiATto.v or ])/si:asj: Brroia: TuKiarv 


SVVTUM GHOUr 

I.K.SS TITAN 

■IS Honis 

•IS TO !tr> 1 
iinru.s 1 

iMi TO i‘i:{ 
Hones 

1-i-l uon:.s 
.\Ni> ovKi: 


1 i'A.SKS 1 

('A.SKS 

I'ASKS 

CASKS j 

.Vo. 

1 

i 


NO. 

1 

,9^ OK 
jTOTAt. 

NO. 

OK 

; t<»vai 

NO. 

ft <IK 
! AAtr.M. 

1 .VO. 

.. 

cf. or 

TOT.M. 

fc 

I-.VOK): 

!'0 

oVKi: 

I "" 


ni-i 
So ; 

- 

i;:o 

Sit 

oil 

•11 

75 

.70 

r*o 

•10 

mm 

■9 

■UcM 

Hul 

tiS 

mi 

m 

Totals 

"Oil 

um 

HU* 

10(1 

m’.A 

loo { 

1 N'i 1 

1 100 

1 (Kll* ! 

or 

1 a.-! 


In a previous .stud.v^ it was noted that, tlie decree of involvement and the 
age of the patient were factors wliieh significant I,v influenced the fatality rate 
independent of the sputum count. In the present stud.v, a cIo.se correlation was 
observed between the character of the gro.ss sputum and the extent of eon- 
.solidation. The incidence of wet lungs was only 34 per cent in the eases witli 
consolidation confined to one lobe as comjiared to G4 per cent in those with 
multiple lobe involvement. While the reversal of the percentages Avas significant 
fTable VI), it ^’I'litiple lobe involvement, like bacteremia, Avas 

the result of, rather than the cause of, the out])ouring of exudate into the 
bronchi and trachea. In this respect the character and quantity of the exudate 
might have contributed to the higher fatality rate associated Avith multiple lobe 

inA’olA^eincnt.® 
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An analysis of the gross chai’acter of tlie spntiun A'dth reference to age is 
presented in Table YII. The incidence of Avet lungs increased from 32 per cent 
in patients below 30 years to 44 per cent in those between 30 and 54 and finally 
to 51 per cent in the older age group. The trend revealed by these figures sug- 
gests that the character and quantity of the pneumonic exudate depend to some 
extent upon the age of the patient. 


T.vble VI 

Eelatiox of Dry axd Wet Luxgs to iN'rooreitEXT 


SPUTUM GROUP 

OXE OR LESS 
LOBES 

1 MORE THAX ON'S 
LOBE 

TOTAL CASES 

CASES 

CASES 

j XO. 

j LOBES 

.xo. 1 

1 

% OF 
TOTAL 

1 

xo. 

OF 

TOTAL 

OXE 1 
OR LESS 

3IOKE 

THAX 

OXE 

Dry lung 

Wet lung 

H 

60 

34 

57 

100 

36 

64 



15 

37 

Totals 

t 494 

100 

157 

100 

1 651 ! 

mm 

24 


Table VH 


Belatiox of Dp.y axd Wet Lrxes to Age of P.vtiext 



AGE 5 

TO 29 1 

age 30 TO 54 

1 AGE 55 YEAP.S 

1 




YEARS 

vnvRS 

1 AXD 

OVER 

1 TOTAL CASES 

SPUTUM GROUP 

CASES 

j CASES 

1 CASES 


1 AGE 


XO. 

% of 

XO. 

% of 

XO. 

% OF 

xo. 

1 % UM- 

% OVEP- 


, TOTAL 

TOTAL 

TOTAL 


DEP. 30 

; 30 

Dry lung 

124 ' 


238 

56 ' 

40 

49 


32 


Wet lung 

58 


169 

44 

42 

51 


21 


Totals 

182 

1 100 

KM 

100 i 

82 

100 

t 651 

28 

KilK 


DISCUSSIOX 

The classification of cases according to the gi’oss character of the pneu- 
monic sputum is a simple procedure which appears to be of considerable aid 
in prognosis. An overwhelming majority of the patients with diy lungs showed 
less than 30 pneumococci per field (93 per cent), a negath'e blood culture 
(86 per cent), a favorable leucocj-te response (83 per cent), and consolidation 
which was confined to a single lobe (85 per cent). The relatively mild nature 
of the pneumonia which could be predicted from the appearance of the gross 
sputum was further substantiated by the fact that 94 per cent of the patients 
recovered irrespective of therapy. On the other hand, 41 per eeiit of the eases 
which were designated as wet lungs showed more than 30 pneumococci per field 
in the sputum; 58 per cent had bacteremia; 34 per cent had leucocA-te counts 
below 10,000; and 37 per cent had involvement of more than one lobe on ad- 
mission to the hospital. The pneumonia in these patients was more severe as 
shown by the higher fatality rate (23 per cent). As a general rule the clinical 
response to sulfonamides was slower in the cases classed as wet lunas. 

The observations of Loescheke® firet drew attention to the significance of the 
edema zone in tlic transfer of pneumococci from one portion of the Inn" to an- 
other. Ilis findings were soon corroborated by other workers. ’'*• ”• tJjq 
periments of Robertson and Hamburger” were of special interest to us because 
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'J'Mi: .H)I’K.V.U< or I..UtOI{.\TOKV .\NI) OMNICAI, Mi;i»I(’INr, 


of tlioir ('Oiiflusion Ih.-il tin- scviTiJy of (‘xpffinirnl.-i! {itioiimotiiti in llic <]o" was 
directly rclntcd to llu' \vcln<-ss of flic limy, Tln'y believed that "riK'tastatic 
le.sioii.s occur only when the firimary lesion is siifiicicnlly edcinaloiis to permit 
c.scapc of Iluid exudate tliroimli il.s main bronchus into (iial of another lohe or 
lobes, the dirt'ction of flow beiiur determined Iaryei\' Iiy yravily.” The hronelii 
of animals .severely ill with extensive jinenmonia yirdded considerable (juantities 
of a fluid (‘xudate eonlainimr from n (o oO billion organisms per cubic eenlinietcr. 
On the other hand, the (‘xudates from animals with wi'll-loealized lesions were 
usually viscid and contained relatively few fineumocoeei. h’rom these observa- 
tions. which wer(‘ .substantiated by <iur own necropsy findiinrs, it seems likely 
that the amount and irross eharaefer of f he sjuitum in human pneumonia reflects 
tlie slate of the luny. copious Met .sputum imliealiny an extensive area of inflam- 
matory edema, a dry sfiutum indicatin'' a more localized lesion. Such a hy[)othe- 
sis furnishes us with a jdausibie explanation for the hii;h incidence of b.'ieteremia 
and multiple lobe involvement in patients who have wet lunys. since the [ires- 
enee of a Inrye e<lema zone would permit ade{|uale op)>ortunily for bloodstream 
invasion or for metastatic sj>read to other liibes. It .seems to us that the wet 
luny is a more likely eau.se of bacteremia than the result of the blood .stream in- 
vasion, as has been siiyye.sted by Kempf and .Vunu’csler.' 

The question as to why one iiatient .should produce larye ipiantities of rusty 
sputum and another relatively little remains uuauswered. While an ineren.sc 
in the proportion of wet lunirs <ieeurred with advaneiny aye and with leueopciiia, 
it wa.s felt that tlie.se were aeee.s.sory rather than [>rimary faetors determininy the 
charaetor of the imeumonie exudate. The close eorrelalion between the number 
of piieunioeocei and the nature of the yro.ss sputum may he interi)ietcd in one 
of two ways. It is im.ssibie that the ontpouriny of fluid info the alveoli repre- 
sents an alleryie rcsitonse to the f)re.senee of a few i)m-nmoeocei,' thus ereafiny an 
environment wliieh facilitates the rapid mult iplie;it ion of the oryanisms: how- 
ever, it .seems more likely that the amonnt of exudate is directly projtorfioiial to 
the quantity of edema-i)rodueiny suhslanee elal)orated by the larye mimhei-s oi 
pnevmioeoeei pre.sent in tlie luiiy. This eoneejtt is .supported by (a) Ihc work 
of SutlilT and hb-iedemann,'" who demoiislrale<i such an edeina-i)rodueiny .sub- 
stance in filtrates of youny pneumoeoeeiis enlliire.s. and by (b) tlie studies ot 
JIamburyer and Robertson,'* in wbieli either Ioe;dize<l or diffuse edeniafoiis le- 
sions wore experimentally indiieed at will by varyiny the do.saye of pneumo- 
cocci. The .solution to Ibis prolilem niu.sl await I'nrilier study. 

SUMJIAIty 

The yro.ss clmractcr of rusty spvUum in 651 eases of imenmoeocei pneu- 
monia was correlated with standard pro,ynos(ic criteria and the outcome of the 
disease. As a result of obsei-valions made at neerop.sy, those patients who pro- 
duced small amounts of a viscid j-iisty sputum wore ela.ssified as “dry” lungs, 
whereas those who raised large quantities of watery to gelatinous, Jiomoyencously 
rusty .sputum were clas.sified as “wet” luny.s. The pneumonia in the former 
"i-oun wa.s relatively mild, wliile tlie di.sea.se in the latter group wa.s considcr- 
^blv more severe, as .shown by fatality rates of 6 per cent and 23 per cent, re- 
" cfivcly as well as by significant dift'ei'ences in the number of pnoumococei 
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in the sputum, the extent of consolidation, and the incidenee of bacteremia and 
leucopenia. It was concluded tliat the jn’oss character of the sputum was of 
distinct value in the prognosis of pneumocoecic pneumonia. The significance of 
the observations with reference to the pathology of the pulmonaiy lesions is 
discussed. 
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THE COMPAHATJVE AC(;ri{AHV OF THE OIvOSElJ CIHCUIT BEDSIDE 
METHOD AXn THE OPEN OHfOnT (^HAMBElf PJJOCEDl'BE 
FOB THE DETEBMIXATIOX OF IJASAf. METABOLISM" 


Boiikkt C. Lirwi.s, I'li.I)., Aijickta Ii.tn-, J’ti.D., .wt) Anna Maimi: Duvai., Pn.D. 
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S UFFICIENT (I;il;i Jinvc Itmi by the iiivosli'jations of (lie Cliild 

Bcsearch Coimc-il a( fJciivcr la cslabli'sh slaiiflanis of b.'isa! iiietaiiolisni on 
children behveen the a^n-s of 2 atid l(t yvars. The fii-s( refiorl of ibis work by 
Lewis, Kinsman and lliff' drive's the results obtained prior to April, DKJO, and 
presents tentative standaials for both boys and pirls from 2 to 12 years old in- 
clusive. Since the appearance of this publication, the (pieslion has been raised 
as to whether these standards may Iw used when dcteiaiiinations are made with a 
bedside type of aipiaratiis. No report of a comj)ariK()n of the re.sults obtained 
with a cliaiuber i)rocodure and witli a beilside ai)paratus li.as been foiitid in the 
literature, althoujih several studies-’* have been made on adults both with the 
open circuit and the closed circuit methods lull where a mask or a moutlipieee 
and a nose clip have l)een used in both cases. In the i)r(*sent study determina- 
tions of the ba.sal metabolism of both children and adults made with an open 
circuit chand)cr procedure have been compared witli those obtained with a 
closed circuit bedside type of aj)paratus. 

The open circuit chamber method wa.s that used to estabJi.sJj standiu'ds of 
basal metaboli.sm on children of the Child Be.scais'h Council. Tlie jiroeedurc is 
fully dc.scribed in the publication of Lewis, Kinsman, ami Ilifl’.’ If should be 
noted that with this method a 15 per cent protein metabolism has been a.s.sumed 
and that the calorific value jjer standard liter of o.xypen, which varies with the 
respiratory quotient found, ha.s been obtained by reference to the chart of 


Michaelis.^ 

The closed circuit. a])paratus employed wa.s a No. I\I SI i\leKe.s.son i\Ietaboloi-, 
to which the subject was coJinected by moans of a mask (face inhaler) or with a 
mouthpiece and nose c!i]i. A ItlcKe.sson face inhaler, a I\IeKe.sson mouthpiece, 
and a .Sanborn nose clip were the types of acee.ssoi'ics used. The mouthpiece and 
nose clip were used invariabl.v on adults and in about half of the tests on chil- 
dren. Those eases in which the mask (face inhaler) was used on cJiildren are 
indicated by an astcri.sk (**) in Table I. Tlie quantity of ox.vgen consumed in 


•Wf.r.m the ChlUl Re.'search Council and the Depurtment of niochcmi.‘5try, Univetsity of 
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A ..rMImlnan' report of this .study was made at the meetins.s of 
A preliminarj i ^ , Colorado. In Not'ember, lOil (lliff, Aibc 
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a given length of time was measured, and a value of 4.825 calories per standard 
liter of oxygen was used to calculate the heat production. In order to determine 
the con-sumption of oxygen, cheek te.sts of four or more minutes in length were 
procured in all cases. If the oxygen consumption showed a deviation of more 
than 4 per cent from the mean when two deteiminations were made, at least one 
more test was obtained. For three or four te.sts to be acceptable, it was required 
that the oxygen consumption in each case fall within 5 or 7 per cent, respec- 
tively, of the mean of all te.sts. 

Alcohol check determinations were made on both tj'pes of apparatus during 
this .study. With the chamber method these deteiminations are made routinely 
about four times a year. The procedure and the re.sults obtained are given in 
other publications.’’ ® The amounts of oxygen consumed and of carbon dioxide 
produced by the burning of a known quantity of alcohol in the chamber have 
been found to fall within ±2 per cent of the theoretical values. Twenty-nine 
determinations with the closed circuit apparatus were made during this study 
by means of the alcohol cheek apparatus of Jones," and in these the amount of 
oxygen consumed varied from the theoretical values by -3.1 to -f3.0 per cent with 
an average deviation of -f{).4 per cent. 


EXPEKDEEXT.VL PROCEDL*RE 


The experimental procedure followed was to make a determination of basal 
metabolism in the chamber either immediately preceding or immediately follow- 
ing one with the closed circuit bedside apparatus. Such comparisons were made 
in 65 instances on 36 children (19 boys and 17 girls) between the ages of 2 vears 
8 months, and 15 j-ears, 3 months, and in 55 instances on 25 adults (8 men and 17 
women). All subjects were in a postabsorptive condition when the t&sts were 
performed. The children had had a normal amount of sleep and were brought 
from home in an automobile by one of the workers in the metabolism laboraton*. 
The adults had had approximately eight hours’ sleep on each of the two ni°-hts 
preceding a test and came to the laboratory by automobile. 

In the majority of experiments, a determination was made first with the 
chamber and then -with the iMeKesson Metabolor. After the subject was com- 
fortable and relaxed, the lid of the chamber was closed and, when the pre- 
liminarj' period (thirty minutes for children and forty-five minutes for adults) 
had elapsed, samples of air were collected for analysis. The lid of the chamber 
was then raised, and while the subject remained quiet the bodv temperature the 
pulse rate, and the respiratory rate were taken. The deterinination with the 
McKesson Jletabolor was then made. 


Wlien the bedside method was used first, it was nece.ssaiw for the subject to 
remain quiet fifteen or twenty minutes longer than when the reverse ordr-r ..-.c 
followed. Since many of the children were inclined to become restle.ss when the - 
penmental period was thus prolonged, only four experiments in which the det^'^’ 
minations with the closed circuit apparatus preceded that with the r.horv,L 
conducted on children. With adult.s, 23 experiments were madet this , 

Atlc- tl,c. ...bicct ™to<I in ,1,0 chnmbcr for ,l,o proliminnrv porild r „l ' 
utes for children and forty-five minutes for adults), the co'n.sumnt in,, T' 
was measured with the McKc.sson Metabolor Wlien 

^•ui.siacto,\ determinations 
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Till; .KirUNAI. (11' l„MIOl!AT(II{V AND (.‘I.INICAD MDDK'INi: 


'I’AlilA'. 1 

(^»Mi'.\r..\Tivi; Itr.sci.Ts OinAiNKii tni: tid; J(a.‘:ai, Mktaihii.i.sm oi- Ciiii.jii-.kv With tid; On;;; 
Cii'A'ciT Chamui:!; ash tid: Ciih i'it AI'caiiati’S ( McKf-ssitS) 


SDIUCiT, 

.si;x 


Acr. 


Yi:. .M(i. 


WKKillT 

flTli.l 


IICK.IIT 


UOHV 
.SCJD'At'i: 
(sg. M.) 


r A I../1 1 n./s g. m. 

__ [irKfutiKSTi: 

rDA.Mlil;!: MCKCSSOS ( T)T: (TST I 

MirriHi!' Mimioii 


■ir.ii 




•l.'i.S 

•17.7' 

r»»>.s 

•I'l.S* 

•IS.:: 

r)0.2 

■1,'i.Si 

•I !'..■> 

•IS.] 

■II..') 

•H>.5 

•I •!..•! 

•Ki.ii 

•Ii:.!) 

•IS.I 

•17.2 


•I I. I ■ 

•III.) 

•I.S.!)' 

•l.j.l 

•Iti.l 


•ll.l! 

17.2 

•I.').!!'’ 

•17.1) 

-18.0- 

■17.7 

•17.-1 

-1.7.2 

47.-1 

-15.5 

-Iti.:! 

•Hi. 5 

44.7* 

-IH.-I 

■lli.O* 

■n.7 

:u).7* 

*15.5 

44.3 

j 

44.2* I 


iJtT tliojjo cases II mask was used ; In all other cases a mouthpiece and a nose clip wore 

emploj ed. evueriments the determination with tiie JtcKesson Jfctaholor preceded the oh- 

tinn with the chamber procedure. 

.servall children required a preliminary period of tralnhiK before .satisfactory determina- 

tions were obtained. 
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TABI.E I — CON'T-'jt 


SUBJECT. 

SEX 

.tflF. 1 

WEIGHT 

(kg.) 

HEIGHT 

(rM.) 

nooY 

SURFAfE 
(SQ. if.) 

C.VL./IIR./.SQ. Jt. 


D 

MO. 

BY 

f’HAMBER 

METHOD 

BY 

Mr KESSOX 

METHOD 

DIFT’EREN'CX 
(per CEXT) 

70(9) 

to 

2 

'(4.1) 

1.50.0 

1.225 

38.5 

.30.7* 

-4.7f 


in 

o 

O 

34.0 

149.1 

1.225 

38.1 

.37.1* 

-2.ef 

B(5){ 

n 

O 

4.5.8 

149.3 

1.405 

40.3 

42.3* 

f5.0 

E(9) 

11 

5 

40.1 

147.1 

1.200 

44.2 

41.9* 

-5 ^ 


11 

11 

4().7 

1 4.3.3 

1.370 

39.5 

39.5 

±0.0 

C(5) 

11 

s 

■15.7 

154.2 

1.375 

45.9 

48.4* 

-f-5.4 


11 

11 

40.3 

150.7 

1..390 

48.3 

40.0* 

-5.5 

^S(o) 

12 

0 

40..) 

157.9 

1.3.55 

42.0 

41.7* 

-2.1 


E! 

1 

o 

1.59.7 

1.390 

38.4 

40.3* 

+4.9 

32(5) 

12 

11 

f! 

14.5.5 

1.210 

37.1 

5S.2-' 

c.o 


14 

4 

40.n 

15.3.1 

1.315 

;:9.2 

41.0* 

+0.1 


14 

(! 

-in.s 

155.1 

1.340 

43.0 

40.0* 

-7.0 


14 


42.4 

157.5 

I. .380 

42.7 

40.5* 

-5.2 

■■33(9) 

in 

0 

07.7 

104.2 

1.740 

57.5 

37.9* 

+1.1 

20(5)} 

i.n 

c* 

•J 

42.8 

102.0 

1.410 

42.5 

41.4* 

-2.0 


i.n 

G 

44.7 

104.4 

1.4.50 

40.9 

41.7* 

+2.0 

33(0) 

13 

S 

50.4 

158.5 

1.005 

35.8 

35.4* 

-1.1 


14 

0 

02.0 

100.3 

1.045 

34.0 

55,7* 

+5.0 

13(5)} 

14 

0 

4.3.1 

102.8 

1.425 

43.0 

41.4* 

-5 7 


14 

• > 

47.1 

105.1 

1.495 

43.1 

42.7 

-0.9 


14 

0 

47..3 

100.8 

1.510 

40.2 

40.0 



14 

5 

47.0 

100.7 

1.510 

38.7 

41.3 

-G.7 


14 

5 

47.3 

100.8 

1.510 

.39.2 

39.4 



14 

(! 

47.5 

100.9 

1.510 

38.9 

40.7 

+4.0 

11(9) 

14 

4 

45.0 

170.7 

1.510 

5 1 .9 

37.8* 

-0.3 

0( 9 ) 

15 

0 

45.8 

108.0 

1.500 

3.3.0 

32.9* 




15 


40.3 

108.8 

1.510 

33.4 

54 Z* 

+2.7 


liad been obtained, tlie bedside apparatus was disconnected and tJie lid of the 
chamber was closed. After allowing a period of fifteen or twenty minutes to 
Peniiit the earbon dioxide in the chamber to reach erjuilibrium, .samples of air 
Were collected for analysis. 


EXPEKIJIEXTAL KE.SL’LT.S 

The experimental results show an excellent agreement between the values 
ol)tained by tlie bedside mctliod and by the chamber procedure. The calories 
l)er liour per .scpiare meter of body surface found by each of the two methods are 
given m Table I for children and in Table II for adults. These tables also'-ive 
the dincrenec between tlie values obtained by the two methods in each ca.se in 
terms of pen‘entagc deviation from tlie determination made in the chamber 
Thc.se deviations are shown graphically in the accompanying hisfo-n-ams fPi-'t 
for children, and Fig. 2 for adults). The re.sults witli the closed circuit tm 
method .show a deviation from tiio.se with the open circuit eJiamber nroe . 1 
from -7.5 to r6.7 per cent (mean variation = -0.2 per cent ) for e) u i 
from -S.6 to +9.3 per cent (mean variation = -O.I tier cent) f 

order in whicli the determinations were made had no effect on Tl 

^ uie rc-sults. for 
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Taiii.j; II 

CoMTAKATivK I{i:sri,Ts OiiTAi.s'i:i> t(((: Tin; Hakai, Mi.TAim.iHM <ic Atifl.T;: With tih; Otk;; 
Ciiu’UiT Ci:AMiif:i; l*i;0(T:i)i-i;t; anti tid; (’i.iisi:ii <.’ii:<ttt Jii DMiii: Ari-AiiATKf-' (AIcKks'-os) 


.Sl'lUKrT, 

si:x 

AHK 

(YKAKS) 

V.-ltKIlIT 

(KC.^ 

IlKtt.'UT 

(iM.) 

lioliY 

.sn;v.\rc, 
(.NQ. .M.) 

OI../H1 

iiv 

i'U\hUiiX 

MirriioM 

l./.ctj. .M. 

IIV 

tic KO.SKd.V 
.tiimmii 

bivKiTr.sri: 

(T.vT) 

HI1( 9 ) 

til 

A'.I.O 

10'.»..1 


19.4 

11.9 

-^2.0 



.19.0 


l.iiM 

19,9 


-1,1 



li'.S 


1.08.1 

;:9.4 

22.2 

-1.0 

BM(9) 

21 

'.,1.1 

1.17.4 

1.529 

11.9 

55..’i 

i?.! 


I.-!.! 


1.529 

11.4 

o 

-1,.ll 



riii,7 


1..119 

.'15.5 

11.0 

-0.5 

NM(5') 

<>o 

O.’i.O 

172.0 

1 ►77.'* 

.11.7 

*1*1 1 

-1,8 



t'Ci .7 


1.780 

*1 

12.0 

-3.0) 





1.789 


:!4.9 

-4.8 

OM(c) 

Ol> 

00.2 

18.1.0 

1.S79 

11.7 

.':o.7 

43,? 





I.SS9 

15.9 

17.5 

44.4) 



07.7 


1..8S.1 

1.1.5) 

5*1.5 

-11.7 

F.W( 9 ) 

oo 

19.2 

1 07.2 

I ..*5*7 

19.0 

10.0 

io.of 


.-lO.i 1 


1.55o 

.J 

»♦*> »• 

-0.5 

LB(?) 

‘S', 

Ol.S 

1 7.1.0 

1.755 

19.0 

2‘S.S 

-4,9 


01. .I 


1.750 

28.0 

28.7 

•i9..1f 

A.I( 9 ) 

2.1 

57.S 

109.5 

1.090 

11.7 

11,5 

-9.0! 


.10.9 


1.599 

t'vO,” 


-4.0 

UC( 3 ) 

2.') 

7.1.9 

190.1 

1.99.1 

12.7 

•>»> 1 

-l.Sf 


7.^.^ 

j 


2.990 1 

11.9 

»•»> 1 

lO.O 

GD(S) 

20 

7(i.<i 

179.2 

1. 9.1.1 


10.7 

-^1.7 



7<>.*I 


1.9.10 

14,0 

»»M C 

-1.3) 

AW(5) 

20 

07.2 

181.5 

1.889 

55.5 


-5.7 

I!W(3 ) 

20 

72..'! 

178.8 

1.999 

.52.0 

11.9 

-5.8 

BH(9) 

20 

r)7.9 

179.9 

1.079 

19.0 

10.5 

41.7 

j 


At 


1.079 

29.5 1 

10.1 

42.7) 

AK(9) 

27 

00..1 

109.4 

1.099 

2S».1 

19.S 

4.1.1 


oo.t 


1 .(59.1 

29.0 

.'19.0 

4 1.4) 

AAID(9) 

27 


15S.0 

1..14n 

19.1 

12.9 

+9.1 


or>.i 


l..lin j 

11.1 j 

11.4 

+7.4) 



.11.0 


1.5)0 1 

19,5 

11.5 


IAV(9) 

27 

59.3 

101.4 1 

1.510 

11.1 

29.0 



5()..l 

1 

1..110 

.'10.9 

29.5 


.111(9) 

27 


359.7 

I.5(t5 

O 

10.S 



55.-1 


1.5{»5 

29.5 

2S.2 

[ -4.4) 



50.4 

i 

1.5S0 

29,0 

10.5 

+3.0 

EL(9) 

27 

51.0 

100.4 i 

1 .51*5 

29.0 

11.4 

+8.1) 


51.0 


1 .5(»5 

20,-1 

28.9 

-4.8 



ol.7 


3,5(*5 

10.4 

50.5 

-0.1) 

HD(9) 

29 

50.9 

51.1 

100.0 j 

1.500 

1.500 

»> 

50.5 

♦YO 

52 

+;!.4 

+5.0) 

AI( 9 ) 

.11 

01.9 

02.7 

175.1 

1.755 

1.7(J5 

31.0 

31.4 

11.0 

13.0 

-G.l 

+0.0) 

VT(9) 

31 

02.4 

171.0 

1.730 

30.4 

51 ,5 

+5.0 

02.8 


1.735 

30.9 

30.4 

-1.0 1 


— «Yi)priments the dctorniination with the SIcKosson Jletabolor jireceded the 

ohscri'uon wUh Ui'c chamber procedure. 
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Tabi.e II — Con't’ij 


SUBJECT, 

SEX 

, AGE 

(years) 

i 

■WEIGHT 

(kg.) 

IIEIGIIT 
: (f.M.) 

1 

BODY 

i SURFACE 
(SQ. Jt.) 

CA1../1IR 

1 BV 1 

I CHAMBER j 
METHOD ' 

./SQ. W. 

BY 

MC KESSOX 
METHOD 

DITTEREN'CE 
(PER CENT) 

.MMF( 9 ) 

P,2 

73.« 

170.1 

1.8.50 

34.8 

.34.4 

-1.1 


1 

! 73.1 


1.845 

33.2 

33.2 

±0.0 { 

C\V(S) 

35 

(i8.3 

172.8 

1.810 

30.3 i 

30.2 

-0.3 f 



08.3 

j 

1.810 

35.6 1 

34.4 1 

-.3.4 

TM( ^ ) ' 

vr ! 

t 

(iO.O 

107.8 

1.750 ! 

35.3 

32.5 

-8.4 1 



05.2 

1 

1.740 1 

34.4 

.34.6 

-10.6 

GMK(e) ' 

38 ' 

00.2 ' 

168.4 i 

1.755 

33.8 

, 30.9 

! -8.6t 



06.0 


1.700 

30.5 

31.0 

±1.6 

KW(9) 

13 

74.4 

157.9 

1.700 

32.0 

; 34.0 

-14.3 f 



74.5 


1.760 

35.0 

1 Ro.o 

+1.4 


it was found that, whichever procedure was followed, the value obtained with 
the bedside apparatus was in some instances higher and in some lower than that 
procured with the chamber method. The test.s in which the bedside procedure 
was performed first are indicated by a dagger ( t ) in Tables I and II. 

The coefficient of correlation of the calories per hour per square meter of 
body surface as determined by the two methods has been calculated by the 

— ^ - m^m^. 

formula, r == — B , where x represents the caloiies per hour per 

O'lO’j- 

square meter as determined by the chamber method; y, the calories per hour 
per square meter as determined xnth the McKesson iVletabolor; n, the number of 
tests; m, the mean; and a, the standard dc\iation of the calories per hour per 

1 - r- 

square meter. The formula, <7^ -= , bas been used to determine the 

standard error of the coefficient of correlation. The value found for the co- 
efficient of correlation of the calories per hour per square meter of body surface 
as determined by the two methods is 0.94 with a standard error of ±0.013 for 
children and 0.81 with a standard error of ±0.046 for adults. These value.s show 
an excellent correlation between the two methods both for children and for 
adults. 


Table I shows also that reliable determinations of basal metabolism can he 
procured with a bed.sidc apparatus on children under 8 yeans of aue. . This is 
evident, since the results of the determinations with the portalile apparatus on 
file sixteen younger children are a.s .satisfactoiy as are those on the children 
over 8 years old. A preliminary period of training to procure successful de- 
terminations was found ncce.ssary with three of the children between o g 
.vears, hut five of tlic twenty older children also rcrinircd a period of Irainin-’ 
these eight children are indicated by a double dagger (i) jn Table I Sc •• -ri 
other investigatoi-s. who have used a mask or a moutlipiece and a nose dhrinve 
reported satisfactory results on eiiildrcn under eight yours old. rifitteho' nro 
cured reliable determinations on four children and Karri on seven ehildrv, i 

3 S ot I„ ..K- l.,r,c scric. or do Br "in'' ''I:,™ j'jj; 
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cliildrcn lietwecii (Ik- jif'cs «f ] im<| S yoafs ‘Hi wlioin siifci'ssful observations wm* 
made. Both Farr and do Bniin irporlod that a })n“lirninary iicrind of trainin'; 
was frequently necessary. The residts of the present study and of the other 
inve.sti"ations cited would s(‘ein t<i refute the eonteiitifu; of 'ralhol, 'Wilson, and 
Woree.ster" that ehildi'ioi of 7 years iir youn'.rei' eaimol Ite tested with a portable 
apparatus. 

The fact that satisfactory detenninalions of basal nielabolistn on eliildrcn 
haA’e been obtained both with the ehand)er pr<teedure and with the luslside ap- 
paratus shows that factors other than the type of api)aratus used determine the 
sucec.ss to be attained when children are slinlied. *\nionc; llies(‘ factorsare those 
inherent in the subject on whom the detenuinations arc* bein'.; made. All work- 
ers in the field of eiieriry metaboIiv;m realize how e.sseutial it is to obtain the co- 
operation of the subject to tin* end that he will remain <piiel Ihroimliout the de- 
terminations. Thi-y will ;d.so a;;ree that it is more difiieiilf to .secure cooperation 
from children, and jiartienlaily from ycuin" children, than from adults. This 
difficulty may he oveicoine. however, if the per.sons who <*onduet the test have 
o.xperienee with children and an* icatient. It is first neee.ssury to win the ehild's 
eonfidenee and then to enlist his help in making: the di'termination a success. 
When full cooperation is ju-oeured in this way, a satisfactory determination of 
ba.sal metabolism can be obtained. 




j.'i„ 1, Kreciiicncy dl.'itrnjutlon of llie perronlUKo <]ovliiUon of tlio oiilorle.-* per )iour per 

Kotriro iii'cter obtalncil on cliUdrcn with tlio cln.-scd olmilt Ix'd.ildo iiielliod from tlio.«p 
wltii tlio oi>cn circuit cluimbcr procedure. X rcpro-iont.s the niciiii prrccnttipe deviation with 
repard to .slan. 

irir- 2. Frequency distribution of the pcrccnt.-iKC deviation of the cnlorio.*! per hour per 

oniifiro iTi'otcr obtained on adults with the clo.scd circuit bed.-jlde method from tbo.se found with 
the' open circuit chamber procedure. X repi e.scnts the mean percentage deviation with resard 
to .slyn. 

Reference has been made in (he bepfinuinfr of (his report to the slandiirds 
of basal metabolism established by the investisafions of tlio Child Rc.searcli 
Council at Denver. The.se sfanchirds whieii were first published by Lewi.s, Kins- 
man and Iliff* i” slightly modified by the inclusion of data ob- 

tained since that time, and may he found with tentative s(audard.s for the four- 
teenth fifteenth, and sixteenth years in a forlheoming article by Lewis, Duval, 
and Il'iff From the results of the present study it may be concluded that these 





LEWIS ET AL. : DETEHMIXATIOX OF B.LSAL METABOLISM 


1245 


standards for basal metabolism of children are equally i-eliable ■whether a closed 
circuit bedside method or a chamber procedure is used. 


StjMMARY 


1. Either immediately preceding or immediately follmring a determination 
of basal metabolism with an open circuit chamber method, 65 determinations on 
36 children between the ages of 2 and 16 years and 55 determinations on 25 
adults were made Bith a closed circuit bedside apparatus. 

2. An excellent correlation between the results obtained by the two methods 
was found both for children and for adults. 

3. Evidence is presented that, contrary to general belief, reliable determina- 
tions of basal metabolism on children under 8 years of age may be procured 
with a bedside type of apparatus. 

4. The importance of obtaining cooperation from children in order to in- 
sure the successful determination of basal metabolism and the means employed 
to accomplish this end are discussed. 

5. The standards for the basal metabolism of children established by the 
Child Eeseareh Council of Denver with an open circuit chamber procedure are 
showni to be suitable for use when the deteimination is made with a portable 
closed circuit apparatus. 
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LABORATORY METHODS 


QENERAL 


BIOPSY OF BONK PEKFOK.M HI) BY A NHW AND SI.MPIjE 

LNSTUFM HXT* 


IIknuv Tukkku il.D., Dirritoir. Mum., and 
Fuan'k II. BirriiKt.i., ^I.I).. A.v.v Aituoi!, Jlum. 


T he cxaniiiuitiou of marrow usually oblaiuod from (lie .slernum by aspira- 
tion lias beeomo an almost univcr.sal praetice in the iliap’iiosi.s of lieniopoiotic 
disorders, disturbances of tbc rcticiilo-cndotliclial system, certain infectious 
diseases, and primary or metastatic neoplasms within (he man-ow cavity. The 
advantages of tlie aspiration method lie in (he ease in which the test may bo 
performed, its relative freedom fi'om discomfort or inconvenience to the iiatieiit, 
and tlic teclinical similarities between (he .stained films of asjiirated marrow and 
those prepared from eircnlating blood. On the other hand, the a.spiratcd ina- 
tei’ial may not be rejirescntative of the quantitative relationship between cellular 
elements Avithin the marrow; in myclosclci-osis, no material may be obtainable; 
and in hypopla.stic .slates, the information gained by a.sjiiivition is of nncertam 
significance. Jloreover, films jireparcd from the mi.xtnrc of marrow and blood 
secured by aspiration permit no conclusions regarding the anatomical relation- 
ship of the marroAV elements. 

The limitations of the a.spiration method of sternal bioiwy have led many 
hemalologi.st.s to idaee chief reliance upon the e.vamination of material obtained 
by trephine. A number of instruments have been derived for this plumose and 
that employed by Damcsliek^ is particularly satisfactory. NcA’ortlieless, the 
minor surgical, pi'ocedure involved, with incision and resulting sear, has pre- 
cluded the general application of tiie method for diagnostic purposes. 

It is the object of this communication to describe an instrument designed 
to obtain a small specimen of marrow with no more effort and actually less dis- 
comfort to the patient than arc involved in the ordinary aspiration procedure. 
This device, Avith minor modifications, is also adapted to the securing of biopsy 
material from tumors and soft tissues. This instrument consists of tAVo needles 
Avith stylets, an outer guiding needle of U gauge (A), and an inner trephine 
needle of 17 gauge (B), Fig. 1. 


•~i the Thomas Henry Simpson Mpniorial Institute for Medlcai Re.oearch, University 

for pubiication, Sept. -I. 1942. 
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Tlie external iiuulin^ iieedlc slionld be 2 to 3 cm. in length. One end of 
this needle lias a sharji beveled ])oint, while the other end has a hollow head 
B-ith a slot into ivhich the projection of the head of the stylet fits. This arrange- 
ment keeps the point of the needle and the point of the stylet at the same cutting 
angle. The purpose of the guiding needle is to cut (split) through the .skin and 
subcutaneous tissue without excising them, and to direct the inner trephine 
needle to the desired position. 



The internal or cutting needle, who.se diameter is equal to that of the strict 
of the external needle, is designed to bo slipped within the external needle after 
the stylet is removed. The length of the two needles may be varied, but the rela 
tion must be such that the .shaft of the internal needle is 5 mm lon-er limn fho 
entire length of the external needle. The tip of the inner needle possesses four 
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saw teelli. TJie inside surface of the tip is cone-siiajicd or convcrf'iiifr, so that 
the tissue hccomes wedjxed into the needic (like a cork stopper into a flask) 
after bcin{>: cut, and remains witliin tlic nmlle when tlic latt<‘r is removed. 



.. 2.— Sftirrow socKon. rlwsiclun r.T yrar.s of uk.-. MitTrriim with «ul>lfucctiitc mjclo- 

blnstlc Icuccinifi. Xo dhiunostlc colls wore found In the hlood Illin or (i.>.|)lr«tod ninterlnl. 
Sub.scauontly the dl.«c.'i.ve ontorod n Icitccnilc pimve. 



T 71 „ O Marrow section, female 57 years of ne’e, e.xlilbltinp: ne.sts of carcinoma cells not 

demonstrable by the aspiration technique. The patient was suffering- with carcinoma of 
the breast. 

The head of the internal needle is hollow, but tvithout a slot. A standard 
adapter or syringe would fit into the heads of both needles. The stylet has no 
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projection on its head, but its stein is slightly longei' than the inner needle, thus 
extending through the tip. This additional length serves to express the biopsy 



Fig. 4 — Marrow section. 44-year-oIcI male, with multiple myeloma. Atypical plasma cells and 
plasmablasts were also seen in the films of aspirated marrow. 



Fis. a . — Marrow section, female 65 years of ace. with subleucemic retlculosl.s 
Icucemia). In this ca.'e the aspiration films were diacno.stic. 


(histiomonocytic 


material out of the inner needle and also protects the cutting tip from injuiy 
when the inner needle Ls inserted into the outer needle. 
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Ti;('UNi(}n: rni; sTDitNAi, tissit; itiui-sv 

1. Cleanse tlio skin over tiie desired site, nsnally oDposiU* the tliird rib, with a 
surpieal antisojitie solution, 

2. Infiltrate the skin, snheiitaneous tissue, and j)erius|(>uiii with a local niies- 
Ihctie (procaine 1.5 ]ier cent). 

3. In-sert outer needle with stylet in place, wifli the tip of needle in direction 
of the face of patient at an antrle of about -15 d<'crec.s-. throu'jrli tlie skin, sub- 
cutaneous tissue, and iieriosteiiiu. until point .just eii'raj.u’s the anterior 
lamella of llie stormiin. 

4. Remove stylet of tlio outer nee<lle. 

5. Insert cuttinir needle with stylet into oul<-r needle. 

6. Remove stylet of inner needle. 

7. While holdiiiLT the he.-id of tlie outer lus-dle witli fiiuzer.s of the left linnd, 
turn the head of the eultiiic needle with liiiners of llie rinht hand backwards 
and forwards thron'_di a half eirelc. at tin- same time exertinir mmtle pres- 
sure. A .sudden release of resist;inee sicnifi<’s tlie (Uit ranee of the eiittinu 
tip into the sternal eavit.v. The i-uttinir aefion with slight ]»re.‘-snre should 
he continued until the needle lias entered tin' .sternal cavity for a distance 
of 2 to 3 mm. Tlie needle shonid then he involved .several time.s without 
furthor insertion in order to insure tietaelimeuf of the phnr from Iho sur- 
rounding marrow. 

fl. Remove the inner ncccllo. 

10. Remove the outer needle. 

11. Cover the point of in.serlion with a eollodbni dressing;. 

12. Insert stylet into llie inner needh- and push out the hioji.sy core into a bot- 
tle conlainin" fixative solution. 

It is u.sually also desirable to prepare films of aspirated marrow and for this 
pin-pose material olitaincd from the trephine hole is not. as a rule, .sat isfaetoiy, 
because of the admixture of exee.ssive amounts of Idood. We have preferred to 
ano.sthetize a .suffieieiUly larire area to permit insertion of an aspiration needle 
about 1 cm. below the point of infroduelion of thi- Irepbino. The additional 
manipulation ean.ses the jiatient no furllier diseomforf. and in fact, be is n.sunlly 
not aware that two pnnelure.s have lieen made. 

For fixation we have employed 100 e.e. of Zenicer's .solution with 5 c.c. of 
glacial acetic acid added .insl before using. After Iwenly-fonr liours, no further 
decalcifieation is vcijuirod. The specimens an- tlien waslied, dehydrated, cleared, 
and imbedded in paraffin in tlie usual manner. I’be seel ions arc cut with a 
lliiekness of five microns. The most satisfaelory stains which wo have used are 
Gicmsa-AVolbacl\=.and Kingsley.^ 

The procedure has been earried out. in eon.iunetion with aspiration, on one 
hundred twelve patients representing a wide variety of liemalologic conditions, 
and suspected primar.v or metaslalie neopla.sms of tlie marrow. A detailed 
analysis of tlie observations made on lliese patients, as well as a much larger 
series in which aspiration alone was done, will he publislied in a later coinmuniea- 

Only rarely is positive diaguo.stic information olitained hy the treidiine 
method and not hy aspiration, but such cases do occur. (Figs. 2 and 3.) Tlie 
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accompaTiyiu" pUotomievograplis avovc made Avilh a 2 mm. apoehromatic ob- 
jectiA-e and lOx conipensaling ocular. 

SUJBtAKV 

1. The advantages and limitations o£ the aspiration method oi mariw bi- 
opsy are discussed. 

2. An instrument is descriljed •udiich enables a small specimen of mari-ow 
to be obtained by trephine without a sldn incision. Pimtomierographs of marrow 
sections secured by this method are presented. 
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THE NONSPECIFICTTY OF THE SERUM-OPACITY TEST FOR 
CLOSTRIDIOI lYELCHIP 


Lyle A. ■\Yred, Ph.D., 3I.D., -vxd Sherm.ex ^Iixtox, Jr., ;M.D. 

IXDLVXAPOUS, IXDIAXA 


IXTRODUCTIOX 

T here has long been a need for the rapid identification of Clostridium 
welcliii in specimens taken from traumatic cases AAUth SATuptoms and signs of 
gas gangi-ene. In time of Avar this need is much greater and the available lab- 
oratory facilities are usually fcAver. It is qiute natural therefore in the present 
emergencj’ to attempt to utilize the reaction described by Yagler,^ since it is sup- 
posed to be specific for the TaiJc A toxin of Cl. icdcJiii. It is the purpose of 
this communication to call attention to the error of using such a test, which in 
reality is entirely nonspecific; because other antisera will prevent the reaction, 
and many common aerobes ordinarily present in contaminated Avounds may also 
give a positive reaction. 

HISTORIC.AL 


In 1939 Xagler’ pointed out that Clostridium irdchii groAA-n in a mixture 
of human serum aiid broth pi-oduccd opacity in the medium. Usually, but not 
ahvays, a curd Avas fonned Avhich on centrifuging rose to the surface of the fluid 
Avhile the bacterial cells deposited on the bottom of tlie tube left a clear fluid 
interA’cning. This reaction cc nld be entirely prevented by groAving the orsani.sm.s 
in a similar mixture Avhich contained in addition C?. irdchii antitoxin. All 
Strains of Cl. wdcJiii tested nave the reaction, but all other anaerobes used did 
not. These facts sunsested tin- reaction Avas specific for Cl. irdcJtii and that it 
Avas probably due to Type A toxin, since all four types (A, B, fj, and D of 
Y ilsdon's classification-) gave the reaction. 
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Tin; JOurtNAi, or hAitoit.vrOHY and omnicai, mkdkuni: 


Kecontly IliiyM’jinl'’ reported llio use of tins miftioii in tlic rajjid idrntifipa- 
tioii of Clostridiuvi u'rlrhii in (•lini«*)d nuitcrinl swinnittrd for ('Xiiinination. She 
also tested 174 strains of known non-weleliii anaerobes and found that t) finve 
positive results or n.l i)er eeiit. Slie also found considerable variation in the 
amount ol inoeuluni lavpiired to <tblain a positive reaction when usinc known 
strains ot CL wdcliii, tlu' reepnred nunilii>r of organisms varyiinr from as low .ms 
400 to as hicli :is 200,000. '\Vli(*reas N:i"ler orifrinally found tin! reactions to be 
])ositive in IG to l.S lioui's’ cultivation, she found somestr.iins risiuired as much 
as three days to i)roduce oj)acity or eoairulation. 'I'lieia* is no evichmee that she 
tested any ot the conunon .nei'obes wbicb wotdd likdy bit pre.scnt in clinical ma- 
terial submitted tor routine baeteriolotric e.\amination. To date we have found 
no literature indicatinfi: any one Inis studied this ri'action enijiloyinfr aerobes in 
jilnee of anaerobes except the report by Xaplci'.' who used a jiseudoanthrax 
organism. 
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EXPERDIENTAL 

The technique deseriherl liy Nagler was followed in detail except ■where 
other antiserums were used in place of CL wclcliii antitoxin. The t'uhes "vyere 
incubated eighteen hours in the anaerobic jar. The controls always showed good 
growth and the reactions were definite. 

Table I shows the production of a positive reaction with many aerobes and 
anaerobes other than Cl. wclchii and the inhibition of the reaction ■\\-ith various 
tjTjes of antitoxins. It also shows the inability of Cl. wclchii antitoxin to pre- 
vent the reaction. The data very clearly demonstrate the nonspeeificity of the 
reaction. 

CONCLUSION 

The scrum opacity reaction for the identification of Cl. welchii may be pre- 
vented by heterologous antitoxins. The i-eaetion is produced by many common 
aerobes and anaerobes and these reactions may likewise be prevented by the use 
of nonspecific antitoxins. The reaction should not be used for the identification 
of Cl. tvelcMi. 
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DOSING OP POWDERED DRUGS TO SJULL ANBIALS* 


j\L\x Sterne 

Transvaal, South Africa 


T HAVE noticed in several recent publications that workers use the stomach 
A tube for dosing small animals with powders .such as sulfap.vridine. This is 
neither accurate nor easy, and is ri.sky when animals are weak or ill as a re.sult 
of experimental procedures. 

The instrument described in I’ig. 1 co.sts nothing. With it, small animals 
such as guinea pigs, rabbits, and cats can be dosed safely and e.xpeditiouslv. 

The end of the barrel of a broken-tipped 1-c.c. tuberculin .sj-ringe is cut off 
and ground flat. The outer edge is beveled slightly so as to avoid a cutting 
edge. A light metal sleeve, which can he cut from the guard in which lar-re 
veterinary hypodermic needles are packed, is fitted over the plunder and ad 
Bw^so that i/o mm. of the plunger projects when this is pushed home into' 
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Tin; .loniiXAn or i,aiu)I5\touv anT) itanicai, .mkmktni; 


llio lianx'l. TIic slcevo siiniily acts as a stop. An inslnnncnl witlionl llit; sleeve, 
and Avilli llio ])lnnf,M'r cnl to liio projicr Icii^nli, is not nearly so liandy. The 
making lakes about fil'Ieen minutes. 
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The in.strumc'nl, uiiich is merely a small balliiio fnin. is filled by \vitlidra\v- 
ing the plun<^cr to a mark calibrated for the reipiired dose (one of the orifii- 
iial gradations), and dabbing the eml of the liarrel into a small eonlainor of the 
poAvder until the powder reaches the end of the plunger. The end of the balling 
gnu is pu.shed over the back of the animal's longue, and the load di.seharged. A 
good degree of accuracy is obtained by this tilling method. Table T gives the 
weights of twenty successive fdlings for administering 100 and 200 mg. doses ol 
sulfapyridine to guinea pigs. 







AN IJIPROYED ]METHOD FOR THE ISOLATION OF 
MANNITOL-FERJIENTINO SHIGELLAE'^ 


Oscar Felsexfeld,! JLD., ^Lvxtexo, III. 


I NDUCED by the iinsatisfactoiy results encountered with the preserving flmds 
in prevalent use for Shigellae, search was instituted for more adaptable 
media. Among others, the fluid of Bangxang and ElioD^ was tested for such 
suitability. Although announced over two years ago, this medium apparently 
had not obtained extensive application, and in order to ascertain its effective- 
ness, a test was made with laboratory strains of Shigellae, and with feces in- 
fected, in vitro, with Shigellae. 

The subcultures from Bangxang and Eliot’s medium inoculated in this 
manner proved rich in Shigellae for a period of at least four days. Because 
suRa drugs may inhibit the gro^vth of Shigellae, the fluid was tested also for 
its suitability in preserving Shigellae in the feces of peisons treated with such 
drugs. The necessity to counteract sulfa drugs presented itself as an urgent 
task. The amount of 5 mg. p-aminobenzoic acid per 100 c.c. of the fluid was 
found sufficient to abolish the inhibitory effect on any microbes of sulfanilam- 
ide, sulfathiazole and sulfaguanidine when these drugs were given in the usual 
therapeutic concentrations. The amount of 5 mg. per 100 c.c. was chosen as a 
standard supplement of Bangxang and Eliot’s preservative. P-aminobenzoic 
acid in this concentration does not stop the growth of mannitol-fermentinu 
Shigellae. 

It was found that the optimal efficacy of the preseiwing fluid is guaranteed 
at a pH around 8 and that dried bile may be substituted for sodium desoxv- 
cholate. Therefore the medivun was prepared in the following modification: 

Dissolve 10 Gm. of sodium citrate, 10 Gm. of peptone, 5 Gm. of sodhun 
desoxycholate (or 6 Gm. of dried bile) and 9 Gm. of sodium clfloride in 1 L 
distilled water. Add 3 c.c. of a 1 per cent monosodium phosphate solution 
neutralize with n/10 sodium hydroxide. Add 0.0.5 Gm. p-aminobenzoic acid- 
adjust pH to 8 with sodium hydroxide; tube, or put in containers filling up one- 
third of the glass. Sterilize in flowing steam. 

For the diagnosis of the members of the Shigella gi-oup, plating on several 
media is an established routine. A variety of media was" plated from the 
Bangxang and Eliot fluid, and the outcome evaluated. 

The new plate of lYilson and Blair was used simultaneouslv with the nlatcs 
of MacConkey; Holt, Han-i.s, and Teague; Leifson: Endo; lYilson, Blair Haim 
and Pcny; and selenite enrichment with consecutive plating on one of Leifson ’s 
plates, in the examination of proclo.scopic specimens. ^ 
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TMK .TOUIJN'Af, ()!• I.AIIOKATOUV AND CIJNICAI. MKOICINK 


Shortly after Wilson and Hlair- d«'scrihcd their new nusliniii for tlie cultiva- 
tion of >)hif/flhi j)/trtifhfS( ntn-itii , it was praised hy ’I'lionias and Ilnhne." On 
this }>la1(', Shii/clhi ptiradijs* nti rim frrow.s in idnk or (-(dorless eolonies, Stroiis 
lactose fornienters form a yellow {'cowtii. Kseherieiiiae, Aerohaeters, Protci, ami 
Psendoinonades are said to he I'etarded. 

It was found that the rosolie acid an<l the potassium (eliurile used in the 
new medium ol Wilson and lllair have to he standardized auainst known strains. 
The pll of the medium mu.st he earefiilly oh.serveii. The alteration of the pH 
hy the addition of flu* iron citrate, rosoli** a<Md. ami tellurite must he eorreeted to 
the final oj)timum ol 7.G to 7.S. At this jill, not only Plexiier strains, hut also 
Sonne strains puow on this medium very well. Heavy inoeiila may he used 
without court infr the danp:er of overfrrowlh. Whih; some fast 'rrowiiifr strains 
of Proteus and Pseudomonas render tin* inler]>relalion (“ven of such selective 
plates as those ol I,eitson difiieidt, Wilson and Hlaii's medium is not disturhed 
hy spreaders. 

IMaeConkey s medium was pr»*pared with the addition of O.tl (I'm. chloral 
hydrate per liter.'* In this form, the spreading of most Proteus strain.s is 
checked. Ad<lition oi t? e.e. of a 0.4 per cent solution of hromthymol I)lne per 
liter of medium rendered the medium more h'jrihle. 

The media of Holt, Harris, and Tcsisrue. Leifson's de-so.\yeholatc j)late. and 
Endo s medium were i)rej)ared aceordinir to the prescidptions of the American 
Standard Methods." Leitson's fle.soxycholate-eitrate j)late w.'is j)urchascd on the 
open market. Endo s modiutu was omitted after it failed in GO }>er cent of the 
fir.st scries of e.xaminations. 

Over cifrht hundred proctoscopic spc'ciimms were examined one to six hours 
after they were taken. Fitty-one sjx’cimens harhored pmwiysciitcrinc 

(I'lexncr). Twenty-two revealed Shu/clla sonnri, and one contai)ied memhers of 
both groups. Many positive .si)ecimen.s were tak('n from the same individual 
over varying time intervals. 

Twenty-five specimens ga\’o a positive result on all four plates (de.soxy- 
cholatc-citralo, MaeConkey, Wikson-Blair, and Teague). 

Ten specimens were positive on <le,so.xycholale-eitrate, ItlacConkey, and 
Wilson-Blair medium, hut negative on Teague. 

Five specimens we7-c positive on dc.so.xycholate-citi-ate, MHIson-Blaii-, and 
Teague, hut negative on MaeConkey. 

Seven .specimens Avere i)o.sitive on de,so.\ycholate-cilrate, JlaeConkey, and 
Teague, hut negative on AVilson-Blair. 

Tavo specimens A\-cre ])ositiA-e on MaeConkey, AVilson-BIaii-, and Teague, hut 
negatiA'c on desoxycholatc-citratc. 

Taa'o .specimens Avei-c positiA-c only on de.soxycholate-citi'atc and iMaeConkey. 

Eight specimens Avere i)ositiA-e only on dc.so.xyeliolale-eitrate and Wilson- 
Blair. 

Eight specimens AA’cre posi1iA*e only on JlacConkey ajid Teague. 

Tlu’ce specimens aa'cvc positiA'c only on desoxyeholate-cilratc. 

One specimen Avas positive only on IMaeConkey. 

Taa’O specimens AA'cre positiA'c only on "Wilson-Blair. 

One specimen Avas positive only on Teague. 
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Summarizing these results, from the seventy-four positive specimens: 

Sixty were positive on the desoxycholate-eitrate plate 82 pei cent. 

Fifty-eight u'cre positive on MacConkey’s medium i8 per cent. 

Fifty-six -were positive on Wilson-Blair’s new plate 70 per cent. 

Forty-eight were positive on Teague’s medium 65 per cent. 

All three forms of colonies (S, R, and G) appeared only on the plate of 
JlacConkey, on Leifson's desoxycholate medium, and to a .smaller extent on 
Teague’s plate. The desoxycholatc-citrate medium does not pemit the growth 
of all forms, an observation made already by Ruys.® ilson and Blair s plate 
showed the same characteristics. The advantage of a heavier inoculum on 
selective media is therefore equilibrated by the advantage of “all colony forms 
giwving” on nonselective plates. 

Bangxang and Eliot’s presermng fluid was effective in our eases when, be- 
tween the taking of the specimen and the plating, some hours had elapsed. 

It should be added that the procedure described revealed not only mannitol- 
fermenting Shigellae, but in two cases, Ehcrthelld tiiplii, and in two other ease.s. 
Salmonella suipesiifer. 

smrM-ARY 

It seems that the only way to obtain a high number of positive results is to 
use several selective and nonselective plates simultaneously. The preserving 
fluid of Bangxang and Eliot is recommended. From the selective media those of 
Leifson, and of AYilson and Blair, from the nonselective plates those of Mac- 
Conkey, and of Teague proved to bo satisfactorA-. Wilson and Blair’s new plate 
is not superior to other media. It is easj- to prepare, it is selective, and it 
deserves therefore to be added to the series of routine plates. 


I wish to thank Dr. H. J- Shaushness>% 
Public Health, Chicago. Ill-, and his assistant, 
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advice and helpful suggestions in this work. 
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A 3IETII()I) FOK TIIK I)ETEK.MINATTr)X OF .STAPHYLOCOCCAL 
ANTITOXIN ANO ANTULXPSCLAU AO(;LrTI.NlN U.SING 
OAPILLAKV BLOOI)° 


.loilN A. Lu'HTV, .ll!., M.]).. AND Cltltl.S P, 


Kat.sami’I^;, M.l)., U<iriii>:Ti;i{, X. Y. 


T~\UPIXC; ;i .sliuly of stap!iylococ<-;il aiu! anlioajisiilar afraliitiiiin 

ill tlic iilooil of iiiotlioi>- and (heir infants, tlie difiicnity of oiitaining saf- 
fieicntly Jarjii' .‘iampic.s of voiious lilood from tlio infants jn-ojiijited ns to devise 
a method that would I'cqnire only the small amounts of cajiillary Wood ohlaiii- 
able by licel jinnetiiro. Tlie method di'seribt'd JmrewitJi Jiii.s proved to be liiijlily 
satisfaetory. 

rma'AitATioN or .samdm: 

L.xactly O.Oa e.c. of eaiiillary blood is drawn into a ■'lass pipedfe jirevioiisly 
rinsed with a 0.2 per eont solution of potassium o.xalale in saline. Tlie blood is 
introdneed into a 10 mm. frlass tube eontaininu' b.d.") e.e. of the oxalate -solntion 
and is shaken vigorously to avoid elolling. After eentrifu'jing for a few niiii- 
utes, 0.3i5 c.c. of the supernatant can be removed for the two detcrniination.s. 


A. DKTiaiMINATIO.N OK ANTITOXIN 


For titration of antito.xin, 0.25 e.e. of the supernatant is diluted in scries, 
using 10 mm. test tidies containing 0.2.5 e.<*. of physiologic saline (O.S.a per cent 
NTaCI). To each tniie is added 0.25 e.c. of a 1:4 dilution of the .slajihylo- 
coceal toxin (liomolysin), as used for tlie routine titration of venous serum 
antitoxin, and the mixture is placed in a water Imlh at 37° C. for fifteen 
minutes. Finally, 0.5 e.c. of a 1 pci- cent su.sjicnsion of fresh, thrice-washed 
rabbit ci-j'lhrocytos is added to caeh tube, bringing the total volume to 1 e.c. 
Tlie tubc.s are again placed in the water hatli at 37° C. for an born- and Ibcn left 
in an icebox at 4° C. overnight. The following day tlie test mixtures are kept 
at room temperature for ten minule.s before the jn-esenec of hemolysis is ob- 
served by gently rotating each lube in the rack. Tlie licmoglobiii always rises 
from the bottom of the tube before llio uiihcmolyzcd cells. In a dilution series 
the last tube sliowing no hemolysis rc]n-csents tlie end point. 

For each group of mierodcterminalions tu-o controls were always used: 

(1) titration of a .standard .staphylococcal antitoxin by the routine method; 

(2) simultaneous titration of one subject’s antitoxin by the routine, venous 
serum method and tlie micromethod. The standard antitoxin, a commercial 
preparation obtained from The Lcdei-Jc Compaiij-, Pearl River, N. Y., was ad- 
justed by dilution xvith saline so tliat 1 e.e. contained exactly one international 
vmit of staphjdoeoccal antitoxin. Tliis ])reparation was stored in a sealed flask 
at 4° C For the routine titration of antitoxin in venous sei-iini, tlie method of 
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Parish et ah’ Avas used. The staphylococcal toxin Avas prepared in a manner 
similar to that of Dolmanr Complete details of these tAvo proeediires are pre- 
sented elsewhere.^ 

A sample group of titrations is shoAA'n in Table I. By including the titra- 
tion of a standard antitoxin, the use of any conA'enient strength (X) of toxin 
is possible, and the antitoxic titer of venous scrum for .Subject A can readily 
he expressed as international units. The 1:4 (X/4) dilution of toxin used in 
the micromethod Avas obtained empirically so that the end point for this method 
AA'Ould be at the same tube as that for the routine method. For Subject A the 
end point for both methods is at Tube 4. It must be emphasized that the actual 
amount of serum in each dilution tube of the micromethod is not the same as 
that for the corresponding tube of the routine method. If one can standardize 
the micromethod so that the values obtained by it giA'e a constant ratio AA-ith 
those of the routine method, hoAA'eA’cr, the amount of antitoxin present in the 
sample of capillary blood can be expressed in tei-ms of international units per 
c.c. of serum. This is indicated in Table I by the values in parentheses. 


Table I 

S.AJtri.E Titu.atiox of ST.vcHYi.or-of'rAL Antitoxin by Roftine and AIicro-.aiethods 


SrECIMENS TESTED 

i METHOD 

[ 

TITK.ATION TfBE.S | 
12. > 45078 

INTEr.N.ATIONAL 1 
VNITS OF ANTI- 
TOXIN/C.C. SERUM 

1 STKEN'GTU 
OF TOSIX 

1 rSED 

tJtandanl antito.vin (1 int. 

i Routine 

^0 0 0 b 0 S H H 

1.0 

1 ^ 

unit/c.c.) 

Venous serum of Subject .Y 

Routine 

OOOOHHHH 

(kno^Ti) 

0.5 

i X 

Capillary blood of A 

Micro 

OOOOHHHH 

(0.5) 

x/4 

Capillary blood of B 

ilicro 

OOOOOHHH 

(1.0) 

x/4 

Capillarv blood of C 

Micro 

OOHHHHHH 

(0.13) 

x/4 

Capillary blood of D 

Micro 

OOOOOOHH 

r2.0) 

x/4 


H = Hemolysis oC rabbit R.B.C. 

O = No hemolysis of rabbit R.B.C. 

X = Any convenient. fre.shly preparej dilution of the concentrated staphylococcal toxin. 

( ) = Explained in text. 

The simultaneous deteimination of antitoxin by both methods in a croup 
of tAYcnty-six subjects indicates that the micromethod is avcII standardized and 
reliable. The results are compared in Table II. In tAA'cnty-lAvo of the tAYcntA'- 
eight sets of simultaneous determinations, tlie end point by the tAvo methods 
Avas exactly the same, and in four more the dift’orence Avas only a sincle tube. 
This is Avithin the probable error of any duplicate neutralization titration. Poor 
agreement of the tAvo methods Avas obtained in only tAvo instances. One seems 
.iustified, therefore, in concluding that the metliod of measuring .staphylococcal 
antitoxin by using capillaiy blood AA-ill yield results comparable to those of 
the routine method rcquirinc venous Iilood in most instances. 


11. DETERMINATION OF STAPHVLOCOCCAE ANTICAF.SEE.vK AGGLrTINlN 

Th 

the metliod 


Phe agglutination tc.sts carried out in the present studv folloAA-ed e.s.scnti-illv 
lethod described hy Lyons.’ A hemolytic foxin-prodiieing Hfaph^lococcm 
tnirois isolated from a case- of acute osteomyelitis aasi.s used 

A shalloAY layer of l)ouglas-s brotli containing O.O.-i i,er cent of glucose Ai-as 


inoculated Avith 0.1 c.c, of a tAvclvc-hour culture of the 


organism for each 5 e.c. 
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Tin; .locuxAi. <»r i.auokatoiiy and ciANTCAn .mkhicini; 


of hrotli. AfliT flircc liour.s' ui'o'vlli nl :J7° Ilu* ciilliiro wiis killed by slowly 
lieatiii”: to 100° eciitrifii'icd and ^•eslIsp(Tld(■d in .saliiif to 1/20 of its original 
vohuiK', This susixTisioii was used in I lie autrliit illation. 

b’or a!i:'-diitinin titration O.l c.e. of the <dear supernatant from the eapillary 
blood sample was diluted with 0.7 e.e. of saiiiit'. I•’urlher ililiitions were inade 
in series by transferriipr 0.4 <’.e. of the pre<'edin'; dilution to 0.4 e.e. of .saline in 
the next tube. 

T.\iii.»: ir 


.s;iM|-I.TASO)I.S Dinia: Ml NATION or .STAI-IIYI.oerM-CAI. ANTHii.VIN IIY I.’oniNi; MKTIIO'i -O.'Ii 

.Mil iioMCTiioa 


snt.jix T 

r.yh-t'ois'T i*r 

hut’riNi: .Mimiou 

i:Mi or 

nii.oi: 


'flllio No. 

T»1h‘ No. 



f 

7 

0 

p 

■\ 

1 

II 


/» 

Ci 

0 

\V 


a 

(1 

ilo P 

7 

f 

II 

I5o 

1 


II 

11 

;; 

•1 

■tl llllio 

]!;i 

<» 

o 

(1 

tin 


•1 

4 l talio 

I/i 


7} 

(1 


( iluiilicatc (Ictcrniinatioii ) 5 


la 

5 

5 

0 

K 


7\ 

0 

Mo 

1 

\ 

0 

I.U 


K\ 

a 

Mu 

•t 

7) 

40 tuill'.H 

Mi 

«> 


tl 

1 

1 

() 

4l tull(! 

0 

a 


0 

A 

*1 

<i 

-g tllln'i' 

Ho 


*) 

0 

Lih 

»» 


4 I tulic 

Oc 

•* 

»> » 

0 

Cii 

•I 

•i* 

(1 

/.a 

r> 


0 

Mor 

i) 


0 

Ba 

5 

r>' 

0 

An 

)*( 

(t* 

0 


•Tlio.ir tc-.sts woro eiTfuriiK'iI «Uli to.vln which wa.i .«lx miiiith!i old and It wn.*! 
to allow the tubo^ to 5tun<l at room lomporaiuro for om» to two hours after rcniovinjr liiem 
from tlu* Icfbox before satisfactory hemolysis coubl he observetl In the inlorometho«l. 


One dro]i of the su.sjieiisioii of stajtliyloeoeei was mixed with a kiopful of 
llic serum dilution on a clear ijla.ss slide. A control test of tlic organisms and 
saline was always made on the .same slide. Tlie test mixture.s were fjently rotated 
for five minutes and then read. Tiie iihotowniphie eliarts of Ikiuli and Coburn'’ 
served as standards for readiiifr the degree of agglutination. 

The accuracy of tlic method using capillary blood in the titration of the 
antieapsular aggbdinin was determined by llie simultaneous assay of venous 
Idood scrum and ea])illary blood. The rc.stdts of soveuiccn parallel determina- 
tions (Table III) showed exact, agrcenient in eleven ca.sc.s (65 per cent). In the 
remaining six eases (35 per cent), the variation was less than one serum dilu- 
tion interval. 

The values used for the micrometliod in Table Ilf are based on the assump- 
tion tliat the supernatant of tlic eentrifuged eapillary blood represents a 1:10 
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Tabi.F. hi 

The Simui.t.\xeocs Deteemix.vtiok of ST.M'iiYT.oroccAE Axxir.vr.si i.ai: .-Vgoeutixix 

BY Routine Method .\nii Micrometiiod 


SEKUM 

FItO.M VENOUS BI.OOD 

SEUL'M 

UAI’IEUARY BIX)0D 

SUBJECT 

(O.MIM.ETE PAUTIAL 

AGOI.UTIN.tTION AGGU’TIN.VTION 

COMPLETE 

acglutixatiok 

PAUTUL 

AGGLUTIN’ATIOX 

J. A. L. 

■■lESl 

1280 

t,4.i 

1280 

C. P. K. 


1-280 

640 

1280 

0. 



320 


C. 

640 

1280 

640 

1280 

Z. 

640 

1280 

640 

1280 

J. A. L. 

1280 


640 

1280 

C. P. K. 

640 

1280 

320 

640 

AV. L. B. 

640 


320 

640 

A. 

640 

1280 

640 

1280 

J. A. L. 

640 

_ 



C. P. K. 

1280 


640 

1280 

AV. 

640 

_ 

640 

- 

J. A. L. 

640 

_ 

640 

- 

B. 

160 

320 


- 

Me 

.320 

640 


640 

S. 

320 

640 



D. 

160 

320 

320 



Complete agglutination = 4+ 
Partial agglutination = 1 to Si- 
No agglutination = - 


dilution of the capillary serum. Thi.s dilution is probalily not 1 : 10 , but ranges 
from 1:10 to 1:20, depending on the hematocrit value of the capillary blood. 
The results for the venous and capillary sera in Table III, however, agree more 
closely if the original dilution of the capillary serum is assumed to be 1:10 
rather than 1:20. We have no definite explanation for thi.s finding, but it may 
be due to a greater concentration of agglutinin in capillary as compared with 
venous serum. This notion is suppoiled by the resitlts obtained by calculating 
the ratio of staphylococcal toxin to antitoxin in the miciumethod on the basis of 
that observed for the routine (venous serum) method. If this be done, one finds 
that capillary serum actually neutralizes from 21/^ to b times the expected 
amount of toxin, depending on the dilution of the serum (from 1:10 to 1:20) in 
the sample of capillary blood. Thus, the staphylococcal antitoxin likewise ap- 
pears to be more concentrated in capillary than in venous serum. 


CONCLUSIONS 

A method is described for the simultaneous titration of staphylococcal anti- 
toxin and anticapsular agglutinin using 0.0.5 c.c. of capillary blood. A compari- 
son of this method with the standard procedure for the titration of each anti- 
body in venous scrum shows an agreement satisfactory for serologic method.s. 
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CHEMICAL 


TlliO DHTHilMIXATfO.V <)K TIIIA.MIX IX ULOOD*^ 


TnKoDour, H. Fi!!i:i)i;mann, anu 'J'iiAi>i>i:rs (’. KMn:<'iAK, 

('iiu;a(u>, h-f.. 


I T IS now ,u(‘n(“r;illy jitri'ccil (li;i( (iic (iclctiiiin.’ilion of lliinniiii in I'lnntl aiul 
tiriiK' is ;i valiiahli' aid in tlic (lia^nosis of lliiainiii dclicifniw. Fairly acemale 
cliomii’al nu'lliods liavi' In't'ii ili'si-ril)c(l for the (Irlcnninalioii of lliianiin in uniio. 

' Jt lias bi'cn sliown that llio daily cxcrt'lioii of liit? vilainin iiy tlic kidiu'y is rolatod 
to tlic intako and alisorpi ion of dietary thiamin and that tlm <l(>tiTiiiinalioii is 
of (.‘onsideralile value, provided tiie snh.jeel I’ontiniies his eiistoinary diet diuni’r 
the 24-hour period of ni'ine <Hilleet ion.*' * (hi tlie other hand, heeaiise ol teeliiiieii 
iliflieullios, eheiiiieal methods liave not lieeti sueeessfiilly apiilii'd to lilood. H'e 
most roliahle results liave heen ohtaiiu'il hy means of the eoearlioxylase methods 
of Oelioa and I’eteis' and (Joodliarl and .Sinelair'* and the yeast iernientatioii 
inelliod of Sehultz, Atkin, and Frey.*' '' Tiie first is speeilie for dipiiosplio- 
tliiainin, or eoearhoxylast* ; the seeoml is not. Iloth are suhjeet to many %aii>i- 
tions, and tlie leehnitpies must therefore he earefully eontrolled. The lernieiita- 
tion method eaii lie e.xpeeted to yield higher results, sinee it ileteriiiines the tola 
thiamin eonteiit. Tlie ililVereiiee shouhl he sliirlit, how(“ver, heeause hlood eoiitauis 
very little free thiamin. Hy usin*: the.se procedures, (ioodhart has shown that 
the whole hlood of human suhjeels contains from .2 to !) niierojrrams oi total 
thiamin pei- JOO e.e. 'I'lius, hy means of the eoearlioxylase method, this authoi 
found from 2.t) to tl.4, with an averaire of .'>.4 miero'rrams jier lOd e.e, in the hlood 
of .oO children varying in afre from 4 to 15 year.s.’' The hlood of 2G healthy adult.s 
contained from ;3.2 to S.7. with an averam' of 5,0 mierojrrams per HIO e.e.^ ^Mlen 
the fermentation method was u.sed, th<‘ hlood of 45 normal suhjeets contained 
from G.! to 9.2, with an averam' of 5.:{!) niiero^rams.* Our exjierieiice. in agree- 
ment with that of others, has shown that the total thiamin content of hlood docs 
not iluctuate as widely as the urinary excretion: it is not as rajiidly afieeted In 
the dietarv intake of thiamin. Vet a very definite correlation is noted hetweeii 
the concentration of total thiamin in the hlood and the incidence of deficieiicv 
svmptoms. Since a high iicrcentage of suhjeef.s with imlyneuroiiathy have hlood 
values helow 3 rnierogranis per 100 e.e., CJoodhart has suggested that, a eoiieeii- 
iration helow this level indicates a state of deficieney. 

The chemical procedure dc.scrihed hy us, hesides having inpirovoments m 
leehniuuo. emhodies many of the features de.serihed in the numerous modifications 
of the Jansen thiochrome method.'”-^'’ The principal difficulty in the anal.vsis 

— »r om Uc! r)cp:otnient of rhy.slolosy of tlio Nortliwostern Univoisit.v Modiciil School and 

r.-i.‘!..!!iwo)l suppoi’ted hy ii Kraut from Uk- Abbott Fund of Nortlnvcstuni 

^'‘‘'■“ncwlvea ror publication. Pecember 31. 1942. 
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of blood is in the precipitation of the large amount of soluble protein. This i.s 
readily accomplished l)y means of melapho.sphoric acid, ^vhieh ahvays yields 
solutions ■which rapidly pass through the zeolite adsoi’bent and allow an excellent 
recovery of added thiamin. 'With a similar method, using trichloroacetic acid, 
Hennessy and Ccreccdo"’ found from 9 to 12 micrograms per 100 c.c. of thiamin 
in blood. Our results, obtained by the analysis of 75 samples from 36 subjects, 
varied from 3.0 to 11.2, Avith an average of 5.70 mierograms per 100 c.c. Our 
data, therefore, agree substantially with tho.se of Goodhart. 


PROCEDURE 


Eeagenis 


Approximaiehj N IICI and .1/ XallCO^ Solutions 

Metaphosidioric Acid. — A 10 per cent solution is prepared at frequent in- 
tervals, preferably each day. Ginee the acid deteriorates rapidly at room tem- 
perature, it should be dissolved in cold Avater in the refrigerator and the solution 
kept there when not in use. 

Phosphatase. — A 10 per cent solution of taka diastase’® or clarase’® is pre- 
pared each day. Only the clear supernatant solution or filtrate is used. 

Ion Exchange Adsorbents. — Artificial zeolites, such as Decalso,*’® Per- 
nmtit,®’« or Crystallitef may be used. 'We prefer a mixture of equal parts of 
zeolites of 30- to 50-mesh and 50- to 80-mesh size. Columns prepared from such 
a mixture are not readily clogged Avith colloidal material and solid particles which 
sometimes are present in the final .solution. One kilo of zeolite is covered and 
thoroughlj* mixed Avith 3 to 4 changes of an acidified (2 c.c. of concentrated 
HCl per liter) 25 per cent solution of NaCl. If ordinaiy table salt is used, the 
solution should be filtered before tlie addition of the acid. The supernatant 
solution is removed by decantation each time. The zeolite is then Avashed 5 or 
more times by decantation AA-itli acidified distilled Avater (1 c.c. of glacial acetic 
acid per liter). This Avashing remoA'cs the finer material as Avell as the exce,ss of 
salt. The preparation is then transferred to a large Buchner fiuuiel, is well 
Avashed Avith distilled Avater, and finally dried at room temperature in a shalloAv 
pan. In order to have the material in its maximum expanded .state, a small 
portion is kept moistened in a Avidemouthed bottle. 

NaCl Solution. — Each liter contains 250 Gm. of C.P. NaCl and 2 c.c. of con- 
centrated HCl. Solutions prepared from table .salt contain materials which 
slightly reduce the yield of thioehrome from thiamin. If table .salt is used the 
solution should be filtered before acidification with HCl. 

Oxidizing Reagent.''’ — A mixture consisting of 9 parts of 10 A' NaOH 

and 1 part of a 1 per cent solution of K,Fc(CX)« i.s freshly prepared eacVdaA-. 

Iso-butgl Alcohol.'"— The fluore.sccnce AAUthout oxidation .should he not 
greater than that of distilled Avatcr. Higher fluorescing batches mav be used in 
the analysis of urine, but fheg .should never be used in the analgsis of htood- 
Should the alcohol contain much fluorescing material, it is acidified AA'ith c 


•This Is obtaincfl from the Perniulit Company, Xow York Citv Von- York 
tCrj'staUile. when prepared with the* recommendr*d yen' arid c-iU 
the vitamin ns well as Dccalso, It may be obtained froni Die hot adsorb 

323 AA-. 25Ui Place. ChicaRO. Illinol,®. ® mtcmational Filter Companj" 
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oontraloa IK.’l, dchydralcii with Xa.SO,. aixl miisliilod. TJulvl alfoliol mav 
also 1)0 Dsi'd.'-' 

The iisod alcohol is poured into a holilc which contains an excess of 1101. 
i ho acidified alcohol is distilled. .Mtich water .scjiarates from tht‘ fraction wliicli 
t istills np to HK)'^ ( .. ,\1J )raetit)n.s contain water, which i.s rcaioml with 

iiuhydvous Xa.S’O, iK-idn' redistilfalion. Calcinm oxide i.s not used l)ccaii.so 
fiiin.s ot alkali in tiic distillate raitalyzc the formation of flnor(*.scinf: .siih,stan('(‘.s. 

Qmuinr Snlfolr -S'/oar/o/v/.-"— One hundred m-. of pnininc .sulfate, L'.S.P., 
aic tiansleiii'd to a voUinietiac fl.ask of ] Iii<*i’ <-aj>acity, <Jne hundretl c.c. of up- 
])^oxima1el.^ 1|„.S()^ ;irc added to ahout .n()() c.e. of .solution and the volume is 
iron-rhl to the mark. The intermediate standard is j;re))ared hy diliitiiifr 2.') c.e. 
o tiu. stock standard to iOt) e.e. with water ;ind enonp:li ,V lk..SO, to hriii" the 
nu a( lo C),l , 1 Jk. solutions arc stalilc for at l(»ast one year if kept in tlu* 

‘"*’'’'“'‘■^■'^^"'''‘•1 hottle, 'I'o prc'pai'c tiie working .standanl, 
Ti QfV' "* V* • intermediate .standard ai-e diluted to 'iflO c.e. with water ami 
as hefore. The solution should !..■ prcj.ared freipiently. It should he 
])rotected Irom li.»hl and stored in the refriireralor. The tluore.scence of 10 c.e. 
o this .solution in a cuvette is approximately the .same as that iriven hy 30 e.e. 
0 e.xti.Kt obtained alter oxidation of 1 inicroaram of thiamin to Ihioehi’oiiie. 

J hifimv) I^xaclly of) ini', of anh.vdroiis thiamin h.vilrocliloride 

1 •‘'’['^‘’‘'1 "ecks over Ik.SO,) are dis.solvcd in a I'o percent .solution of ethyl 

**^i •**' ^*-01 .\ nci. When hroii'rlif to a volume of aOO c.e. 

with this .solution, each e.e. contains 100 mieroj'ram.s. ’J'hi.s stock .solution, if kept 
CO c, I.s ,s .1 ) I toi at lea.sl si.v nionth.s. To prepare the intermediate standard, 2;') 
e.e. ot the stock .solution are pipetted into a 2r>0 c.e. volumetric flask which coii- 
ains 30) c.cs ot water and 2r. c.<<. of 0.1 .V JtCl. The volume i.s then hron.-riif lo 
the mark. 1 he working standard i.s prepared wlien needed hy diJuliim' n c.e. of 
the intermediate standard to a volume of 200 r.c. widi 0 01 ;V JICI h’ive e.e. 
contain 3 niiero^'rani of thiamin. 

AXAI.YSI.S or WIIOI.K 11), ODD 

Collcclion of Saotplr. Blood is collected with a .s\-rinpe and jirevenled from 
clotting with a minimum of oxalate. // f.v IJ,c„ s/and in (he rvfriqemlor and 
the. anal uses i.s made within a few hoars of eothetion. 7’lie.sc precautions arc 
necc.ssary, since the thiamin conimif changes gradually even on storage of the 
sample in the cold. 

Digestion With Pho.sphata.se.—Fhw c.e. of hlood arc mixed with 2o c.e. of 
water in a large hcav.\ -walled test luhe such as is used in the determination of 
iionprotcin nitrogen. Two e.e. of N JICI are added, and tJie contents arc mixed 
hy means of a long thin footed gla.ss rod." The mixture i.s heated ten minutes 
w'ith frequent .stirring in a hoiling rvater hatli. J| i.s then cooled, after which 3 
drop of eaprylic alcohol and 2 c.e. of M NallCO., solution arc added. The latter 
should he run in slowl.^ and with .stinang. This volume of solution i.s sufficient 
lo bring the reaction to pll 4.o to 5.5. 2 c.e. of ])lio.s])hata.se solution is now 

«A J-sliuped red, •'vith a round bend mtlnp: the bottom of the tube i.s recommended With 

.qiicb a rod the ‘^‘Thc'Vyd^sboVi'i i"'’’*'"'.'''’ '■"''''‘S ‘<'e rod back and [ortli 

between the thumb anti Index finfeoi. ihe loti fihould leinuJn in the tube until the proteins have 
been precipitated. 
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atlcicci The tube is kept 1 to 1.5 houi-s in a water liath at 40 to 45° C. during 
which time the conlent.s arc frequently mixed by stirring." 

Identical re-sulbs are obtained with tlic following s-lightly modified proce- 
dure: 0.5 c-.c. of N HCl is added to tbe laked blood, wbicb is followed by incuba- 
tion with 0.2 to 0.25 Gm. of phosphatase for one liour. The mixture is then 
further acidified with 1.5 c.c. of A* HCl, after which it is heated ten minutes in a 
boiling water bath with frequent stirring, and then cooled. 

A blank is prepared by adding the same reagents in the order indicated. 
If the alternate procedure is used, the phosphatase and 1 drop of A HCl are 
added to 25 c.c. of water. The mixture is incubated at 40 to 45° C. This blank, 
rather than the salt blank, is necessary to correct for the small amount of thiamin 
present in the phosphatase. 

PredpUation of Proidnx . — Ten c.c. of HPO, solution are next added. The 
volume is adjusted to the 50 c.c. mark and the contents are well mixed. The 
mixture is centrifugated fifteen minutes. The precipitate may contain some 
adsorbed thiamin which may be recovered by re-extraction. It is therefore 
emulsified rnth 2.5 c.c. of HPO. solution and the volume is again brought to 50 
c.c. 


Adsorption and Elution . — The necessary adsorption columns are prepared 
some time before the analysis and kept in a beaker of water until ready for use. 
A plug of glass wool (Pyrex Xo. 719) is pushed to the bottom of the Henne.ssy 
tube;! the tube is filled with water, and small quantities of moist zeolite are added 
until an excess, forming a layer several mm. deep, is present in the bell above the 
column. The adsorbent is more uniformly packed when floated into place in 
this manner. The excess of zeolite in the bell prevents clogging of the column 
by solid or colloidal material. Furthermore, it prevents access of air into the 
column, provided the drained column is not jarred. Just before use, water is 
drawn from the beaker upward through the column into the bell. The column is 
then placed in the rackf and allowed to drain. This assures a rapidly draininn 
column which is free from air. 


Brom phenol blue indicator is now added to the combined extracts contained 
in a 150 c.c. extraction flask, and the reaction is adjusted to 3.0 to 3.5 by means 
of A NaOH (or 11 XaHCO,). The extract is then passed through the column. 
After passage of all of the extract, the flask is rinsed with .several successive por- 
tions of about 5 c.c. each of distilled water, and the washings are sent throimh 
the column. The fluid is allowed to drain completely after each of the washin"^ 
Small portions of acidified 25 per cent XaCl .solution are now added until exacUv 
25 c.c. of eluate have been collected in a calibrated tost tube- .such as is used in the 
determination of nonprotein nitrogen. 



vu >ut)5iancc*5 rich In thipniin, iho content.c or the tube are Iran^forrecl Vx It 

.1 2.10 c.c. volumetric flnsk ; 1.', c.c. of HPO, solution arc aOdoO. anil a luitable 

as dcRcribeil below. uiiamr .aliquot (s analyzed 

”T1'C tube of Hennespy with the lone (IC.Imm.I .stem is preferred to other= 
beinu .‘•old. \\ itii the coar.>.er mixture of zeolite r.^tommended bv ue arc now 

obt.'iint'd \vh<^n the* Ionc»*r roUmms :ir»* u^rnl. ' *' 'Jnir >rm rr^ulLc are 

tThe rack consists of n x botinl which is mounte-el i r. • 

table, iiob s •'S."’ fh liiniuetcr are si-accU -1 inc!i*.-s apart. ■ I. 1 i mclie.*; above the 




•riir, .lot'itNAi, or i,Aiu)i!.\Touy anp ci.inu'ai, MKinnsr, 


iiiid ilciou-ssy ninl ( jiii'l others reeoiniiieiKl that the 

sotiitioii l)e heated ainl tlii'ii passed lln'oiiirh the eoliiiiiii; flit; elution is carried out 
with hot 2a per eeiit sohuioii of K(’l. Ifeat is not necessary when a rapidly 
drainin'^ eolnrnn, ))i'e|>ai'('d as deserihed liy us, is used. Tlir (KhurpUon of Ihuiiiiiu 
IS ('(jUfilfij complftr from hot or cold solutions, and tin vitamin is rrrovir(d just 
UR U'ctt wUh cold ,?,'j ])( r n nt sohiHon of Mal'I, 

'J’he removal of ions hy zeolites is most efli'-ieiit at neutral or sliftlitl.v alkaline 
n’aetion.-' At this lasietion tin' ri>eovery of thiamin may he smallei' than at jdl 
d, however, especially if the solution is liealed. This is due perhaps to thesensi- 
livity of the vitamin to alkali. For this rmison the neutralization with stroii!; 
XaOJI must he carried out earefully. 

Oxidation to Thiorhromf.- —'l\\-o ali<piots of 10 <'.e. each of the eliiatc arc 
transf erred to Ifenuessy reaction vtsssels of oO e.e. capacity. h'iv(! (‘.e. of oxida- 
tion mixture are rapidly added, with mixitnjr of the eotitents. This is followed 
immediately with Id e.e. of i.so-hufyl alcohol. Tin; (-ontents are then .shaken 
niueh' .seconds, h'our oxidations are carried out in ra])id sueee.ssioii. After 
eentrifutration (or a lew minut<'s at hiw speed, the lower la.ver is drawn oft, and ft 
to 4 small seoo|tl uls (ahout ().2 ( tm. each) of anh.vdroiis sodium sulfate are added. 
The solvdit must not hf shahm with the salt, as this mai/ produce an onids'mn. 
■When added in (his manner, (he first seoopfnl of sidfate entrap.^ (he reniainiii!: 
solution at (lie hottom ol the ve.sscd. This is i;oV('red hy .s\n‘e<’ssive la.vers of 1 p.ss 
hydrated .sulfate which (‘an (htm remov(> tin' water more (“ffoetively from the 
alcoholic! jihase. d’he e.xtraet heeomes ery.stal-elear on standinfr (>ne-half niiimte 
or so. If not clear, the mixture is very p:enlly rotated, and I or 2 seonpi'uls of 
the sullatc are added and (lie mixture is auain e('nli'ifu"ed for one minute. 
Without lurther ivaitiinr, the tluoi'c.seenei* is then determined. 

The hlank is o.xidized and (*xtraeled in a similar mannei'. 

The thiamin content is obtained from a (“alihration curve representinir (ho 
inercase of fluore.scenee after (lie addition of 0.2, 0.4, O.G. 0.8, or 1.0 micro'jrnm 
of thiamin to blood .samiiles which have been anal.vz(,d by (he procedure. 

It will be noted (hat (he oxidation is eai’rii'd out at a eonsiderahl.v liiprhcr 
alkalinii.v than that u.sx'd h.v previous workers, although a (rend toward the rise 
of larjrer (piantities of alkali is noted in recent impers.’"- -- Jlore eon.sistent 
re.sults are obtained at (bis lii<rh alkalinity, due perhaps to the frreater ionic 
concentration wiiieh favors (in* extraction of (hioehrome by i.so-but.vl alcohol. 

KXl>KUI.Mi:XTAI, 

Results of anal.vsis of blood taken fi‘om 7 women and 2.0 men, a total 
of 36 subjects, arc shown in Table I. Tlio samplc,s wore eolleeted from 10 
to 12 in (he morning and from 2 to 5 o'clock in the aflciaioon. They wci'c thus 
taken from two to five lunirs after a meal. None of tlie .samj)le.s were taken under 
basal conditions. These conditions Avere chosen because (hey wore most con- 
venient to the ma.iority of sub.icets. They represent also tlic conditions under 
which blood is most conveniently taken from large groujis of sub,jcet.s in a nutri- 
tional stud.v. In tlie order of numbei-s, the sub.jccts consisted of re.scareh workers, 
students, internes, ])hysicians, and .ianitors. None had received any vitamin 
prenavations within the jireceding inonth. All Avei-e in apparent good health, 
and all were receiving adectuate diets. The blood of the women contained from 
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3.0 to 9.2, and tliat of the men from 3.8 to 11.2 micrograms per 100 c.c. The 
aritiimetic mean of the results from the women was 5.60, and fi-om the men, 
5.73 mierogi-ams per 100 e.e. The mean of all of the determinations was 5.70 
micrograms per 100 c.c. 

Table I 

TniAjti.v Contest or Whole Blood of Hir.^rAA- Subjects 



■WOJEEX 

MEN- 

SJubjects 

7 

29 

Detormination.s 

18 

57 

Range, micrograra.s per 100 c.c. 

.3.0 to 9.2 

3.8 to 11.2 

-•trithmetie mean, mierograms per 100 c-c. 

.0.60 

.5.73 


Diet can affect the thiamin content of the blood. The level is fairly stable on 
a constant diet. Thus, the blood of subject B. J. contained 6.1 micrograms per 
100 c.c. at the beginning of an experiment in which the subject received a high 
caloric diet which contained from 1500 to 1900 microgTam.s of thiamin per day. 
The thiamin levels, determined every other day during the second and third 
weeks of the experiment, were 4.5, 4.3, 4.5, 5.5, 5.0, 4.5, and 4.3 micrograms per 
100 c.c. On a diet containing approximately 2500 micrograms of thiamin per 
day, the blood of subject T. F, taken at monthly intervals contained 7.0, 9.9, and 
9.9 mierograms of thiamin per 100 c.c. After tw'o weeks, however, during which 
the subject received a diet containing about 300 mierograms of thiamin per day, 
the blood level fell to 2,8 mierograms per 100 c.c. 

The following data are representative of the results which may be obtained 
from apparently healthy human subjects. Samples were obtained at approxi- 
mately monthly intervals. The results are expressed in mierograms per 100 
c.c. : K., 5.8, 6.0, and 4.9 ; J. H., 5.0, 5.8, and 3.9 ; E. A., 5.1, 8.0, and 5.1; E. G., 
4.4, 7.5, 6.1, and 6.8 ; H., 9.2, 5.4, 3,0, and 4,1. 


SUiDIARV AKD COXCLUSIOXS 

A procedure is described for the determination of thiamin in 5 c.c, of oxa- 
lated whole blood by the thiochrome method. 

The blood of 36 human subjects in apparent good health and receiving an 
adequate diet contained from 3.0 to 11,2, with an average of 5.70 mierograms 
per 100 c.c. These results agree substantially with those obtained by previous 
workers vlth the cocarboxylase and fermentation methods. 
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A METHOD FOR DETERJIINING CEREBROSPINAL FLUID PROTEIN 
BY THE PHOTOELECTRIC COLORBIETER* 


Axdre CipniANi. il.D., CAL, and Doris Brophy, Lie. f,s Sc., :Montreal, Caxada 


T he estimation of the protein content of cerebrospinal fluid has become an 
increasingly important part of laboratory i-outine. The ideal method should 
combine accuracy ivith speed of operation and the use of minimal quantities of 
spinal fluid. The method of Denis and Ayer, as modified by Ayer, Dailey, and 
Fremont -Smith, ^ has proA’ed very satisfactory, but the accuracy of the determina- 
tion depends upon the ability of the technician to match tinbidities in the oi'- 
dinarj' colorimeter. 

The photoelectric colorimeter has eliminated this personal factor, and 
tinbidimetric methods mould seem to be ideally suited to the instrument. Looney 
and WalslP described such a method, using 2 c.e. of spinal fluid. Ikeda and 
Hanson^ presented a similar method for further trial and evaluation. The latter 
method reqrures the use of 3 c.e. of fluid. Neither of these papers mention-s the 
error introduced by color in some pathologic fluids. 

The folloming method is a modification of that presented by Ayer, Dailey, 
and Fremont-Smith' for the standard colorimeter. One c.c. of fluid is used 
instead of the original 0.6 c.e. in order to simplify pipetting. 


METHOD 


One c.c. of cerebrospinal fluid is accurately measured into a test tube and 
1 c.c. of 5 per cent sulphosalicylie acid is added. The tube is inverted or rotated 
gently to ensure thorough mixing and is allowed to stand at, least five minutes 
before reading. The tube is then inverted again and the mixture is tran.sfeiTed 
to a .small colorimeter tube after the latter has been rinsed with 2 to 3 drops of 
the mixture. The tube is placed in the colorimeter and the deflection is read on 
the galvanometer. 

The center setting is detei-mined ivith a tube containing 1 c.c. of distilled 
water and 1 c.c. of 5 per cent sulphosalicylie acid and can be used for aU fluids 
that are clear and colorless. We have found a preliminary' “warming up” 
period of five minutes to be sufficient for the colorimeter, provided care is taken 
to adjust the center setting before each reading. 

All fluids which are not clear and colorle.ss have been found to give false 
high re-sults due to the added ahsorption of light by color. This can be com- 
pensated for by adding 1 e.c. of water to 1 c.c. of the fluid (in whatever dilu- 
tion has been used for precipitation) and using this as a blank to determine the 
center setting. Preliminary detection of color depends upon the eye of the tech- 
nician, but where there is the slightest doubt a blank reading should be made 
‘m thL way. Such readings may show a deflection of as much as ten divisions 


♦From Uio D..*partnu;nt of Xourolopr>' ami X»uro«un:»TV MoCiH 
rijal Nruroloplcal In.'stituio. Monirr-al. 
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on lie gnlvmiorneter jihove liie ceiiler .selling' (npiiroximntcly fif) on ;i "alvaiioin- 
efor scnJe dindeil in lOf) equal pa, -Is) ohlniiied with the water and acid Wank, 
n contra.st, to thi.s. a .series of eerehrosidnal fluid plus water blanks wa.s nin on 
I.) ^ clear and colorle.ss” fluids, b’ourfeen of Ibe.s-o varied only one-lialf of a 

division and the fiffeenii,. fliree-fourtbs of a division, from the deflection of the 
M-afer jdiis aeid blank. 

Protein coneent rations from 12 to 110 nnr. per 100 e.e. (17 to 70 per cent 
/iprht absorption) can be estimate, 1 directly. Fluids cnntnininfr hiyber eoncentra- 
tioas must be diluted .so that the readin- fall.s within those limits 


Tile apparatus consists of a miniature colorimeter of tlie Kvel.vn type' Iniill 
to awommodatc smid! I’yivx test tubes (S x 7", mm.). 'J’lie.se tiibe.s were carc- 

nniformity and only thosir eonfonninq: to the standard set hv 
tlic Kufncon Com]mny were used. 

The miniatuio attaclunoiit for the photoelectric colorimeter is constnietcd 

eon!* I lamp jiasscs tliroiuili a built-in filler (Rubicon 

a-t ) ami thou tiirouqli tiio solution by way of a slit (1.2.7 ineli wide and 0.77 inch 
flic tost tube is so aliqucd that Ibo bottom of the .slit is jnst above the 
loim e poition of the (uiie. A removable, lifrhtproof cap i.s nrce.s.snry to pre- 
vent .stray Iiqdtt from reachintr the photoeell via the top of Die (nhe. The liqht 
mfensity is recorded hy moans of a Ocneral Fleet rie bloekinir layer jihotoccll. 

Xfm instrumont is included in the ea.se of flm standard Fvelvn eoloriinetcr 
and mako.s u.sc of tlic same liqlit control circuit and qmivanometer. A suitable 
switch allows the couvenient u.sc of either instrument. 


CAI.niltATIO.V 

A standard inolem solution was prcimrod aeeordinp to the metliod of Ayer, 
Dailey, and FrenioiU-Smi(Ii.‘ Dilutions were made to irive eleven standard 
solutions railing in concentration from 12 to 110 iiif?. per 100 c.e. The protein 
content of each was determined in duplicate by (lie miero-Kieldalil method and 
also the light absorption of each, after precipitation M-itli siilfdiosalicylie acid, 
was measured in the photoelectric colorimeter. Using the actual readings on 
the galvanometer scale ns ordinate and the eon cent rat ion of protein (ns deter- 
mined by micro-7v.icldahl) as ab.sci.ssa, points were established on grapli paper 
and a ciu'\c dia™. This curve has been used to estimate tlic protein in all fluids 
of unknown concentration. 

Duplicate determinations of protein were made on numerous samples of 
cerebrospinal fluid both by the photoelectric metliod and by micro-Kjcldahl. 
As noted bj Ayci, Dailey, and Prcmont-Smitli,' difficulty was encountered in 
obtaining satisfactory checks with the micro-K.icldahl when the nonprotcin 
nitrogen was subtracted from the total nitrogen and the result multiplied by the 
factor 6.25. More consistent results wore obtained by jii’ccipitaliug the pi’otein 
with trichloracetic acid and determining the nitrogen content of the precipitate 
directly. This method has been compared with tlic direct gravimetric metliod 
by Guillaumiii et al.*' and has been found to clieek closel 3 ’' M’ith it. It has the 
added advantage of requii’ing only two miero-TC.ieldalil determinations instead of 
four for duplicate estimations. 
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TABLE I 

TOT.VL Pf.oteix, Mg. pee 100 c.c. 


rnOTOELECTEIC 

MJCEO-KJELB-VHL 

ITOT-Uj X. 10XCS X.P.X.) 

14.3 & 14.0 

15.6 & 15.8 

20.2 & 20.2 

20.5 & 20.8 

22.3 & 21.S 

27.5 & 27.5 

39.5 & 39.5 

48.0 & 48.7 

49.2 & 48.7 

55.0 & 55.3 

57.0 & 57.3* 

57.8 & 57,0 

63.2 & 64.2 

72.8 & 73.5 

73.5 & 74.2 

82.0 & 81.3 

89.0 & S7.5 

90.3 & 91.3 

16.9 14.4 

21.9 & 22.5 

21.2 & 24.4 

18.1 & 19.3 

31.3 k 30.6 

31.3 k 32.5 

43.1 & 40.6 

50.6 k 46.9 

51.3 k 45.0 

54.4 & 53.1 

63.8 & 64.4 

60.0 & 53.6 

58.1 & 63.1 

83.1 & 83.1 

75.1 & 74.4 

79.2 k 77.9 

92.5 k 87.5 

101.9 k 103.1 

•Xanthochromic fluid — center setting adjusted. 


Table II 


ToT.vL Pboteix, Mg. pep. 100 c.c. 


PHOTOELECTPaC 

12.5 & 12.3 

14.7 & 14,9 

19.0 & 19.7 

21.3 & 21.1 

27.8 & 27.8 

28.7 & 28.5 

39.4 & 39.2 

44.3 & 44.0 

50.7 & 50.7 

o-i 2 * 

59.3 & 59.7* 

65.3 & 65.7* 

6S.2 & 69.2 

98.0 & 99.6* 

189.0 & 192.4 

422.5 & 425.0* 

6,480 & 6,430t 

•Xanthochromic fluids. — center settins adjusted. 
fCyst fluid — center setting adjusted. 


jriCRO-EJELPAHL 

(PP.drax ^^TBOGE^*) 

12.5 & 9.8 

17.5 <1- 17.9 

24.1 & 20.1 

20.1 & 20.7 

28.4 & 25.2 

31.5 & 32.6 

36.6 & 37.0 

45.5 & 45.5 

47.7 & 47.3 

56.4 & 56,0 

55.6 & 57.8 

60.4 & 62.1 

63.8 & 69.1 

93.6 & 91.0 

184.6 & 181.1 

428.7 & 446.3 
6,191 k 5,906 


RESULTS 

All the figures obtained in the course of the experiment are presented in 
Tables I and II. It tvill he noted that the results of photoelectric determinations 
are in more close agreement tvith the micro-Kjeldahl results in Table II (protein 
nitrogen) than is the case in Table I (total nitrogen minus nonprotein nitrogen). 
Duplicate figures in the photoelectric method are remarkably consistent, and 
where the figures by miero-Kjcldahl determination were not in .siieb close asree- 
nient the photoelectric rc.sults will be found to check fairly closely ■irith one or 
the other of them. In only two instances (the scfond and the fourteenth) in 
Table II were the duplicate values for each method in close agreement while 
showing a distinct difference between the two methods. In one of thc.se the 
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fi,!iur(\s iiy plioloclt'cl ric nu'llioii were }iifr!u*r. aiui in llir oilier flioy wore lower 
tliiin the iMicro-Kjcldiilil rcsiills. 

The molliod is (‘onvonifiil imd inexpensive. A sinfrle determination requires 
idiont ten niinntes and even less time jier determination if a nmiilier of samples 
are to he tested. 


.st;.M.MAin' 

L A simple metluxl is pri-senteil for the determination of eerehrospinal fltiitl 
protein with the iiliotoeh'olrie colorimeter, 

2. A miniature attaehment tor tlie Kvelyn plmtoideetrie eolorimoter is dr- 
.scribed wliieli will aecommodate small I’yrex l(>st tnhes. This permits the de- 
termination to he earned out on 1 e.e. of .spinal fluid. 

3. False hi^h rosnlls may he obtained with eolorerl speeimens of spinal fluid. 
A method to rule out this .souree of error is deserihed. 
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DETEKJIINATION OF JIANDELIU ACID IN URINE*’ 


Fhkciittatiox as Cai)Mii:.m i\lA.N'm:i,ATi; 


J. II. Piiii,up.s, A.B,, V, U. Wai.mxokoki), Pn.l)., and A. Q. Butlkr, Ph.D. 

.St. JjOui.s, JIo. 


M ANDELIC acid and .salts of mandolie acid are emiiloyed in the treatment 
of urijiary infections and after their administration the jiliysieian ma.v 
find it desirable to follow the eoneenlration of numdelie acid in Ihe urine of 
the patient. In a clinical investigafioiP on the in.ieetiou of .solufions of .sodium 
mandelate this laboratory was requesfed to suitply the analytical data. The avail- 
able analytical procedures for the determination of mandelic acid in urine were 
studied and found to be unreliable. A new pfravimelrie method was developed 
ill which the mandelic acid in the urine is extracted with ether, converted to the 
sodium salt for extraction and concentration in an aqueous solution, and preeipi- 
fited and weighed as cadmium mandelate. The method may he carried out 


• Fro... the Mallinckrodt Chcn,ic.al Works. St. Louis. 
Keceived for publication, March 1. 19-13. 
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fairly rapidly on a seniimiero scale with 10 e.e, samples of urine, or it may he 
applied as a macro procedure with 100 e.e. samples. The concentration range 
of 0.1 to 2.0 Gm. of mandelic acid in 100 c.c. of sample was .studied since this 
represents the normal range of concentrations encountered during mandelic acid 
therapy. 

In 1909 Neubauer^ determined the mandelic acid excreted by dogs after 
feeding experiments. The acid was extracted from the urine by ether and. 
after purification, was titrated with O.IN alkali. Rosenheim." who introduced 
mandelic acid therapy in 1935, determined mandelic acid in the urine of his 
patients by extracting with ether after aeidifjTng the specimen with phosphoric 
acid and saturating with ammonium sulfate. The residue obtained by evaporat- 
ing the ether was weighed as mandelic acid. McMahon® combined the Rosenheim 
e.\traetion method with the titration method used by Neubauer. !Montenbruck,‘ 
and also Garry and Smith,® determined the extracted d or I mandelic acid 
polarimetrically. This method is not applicable in human cases, however, since 
the inactive dl mandelic acid is usually administered, and it has been shown" 
that both fonns of mandelic acid are excreted simultaneou.sly. For the a.ssay 
of medicinal preparations, Stevens and Hughes,’® and also Rosen,’® employed 
continuous extraction with ether followed by titration with standard alkali. 
Underwood’® recommended extraction with a mixture of two parts chloroform 
and one part ether, followed by titration with standard alkali. 

The published methods are subject to several errors. Reimers® indicated 
that care must be taken in evaporating the ether from the extract in order to 
avoid loss of mandelic acid by volatilization. JMciMahon reported the loss of an 
average of 6 per cent of mandelic acid in recoverj* experiments from water with 
samples ranging from 0.5 to 4.5 Gm., and 16 per cent loss in recoveiw from urine 
■"’ith samples ranging from 0.2 to 0.3 Gm. The lo.ss was attributed to combina- 
tion with other constituents of the urine. Berger,’ using Mcilahon’s method, 
reported a loss of about 10 per cent from 0.1 gram .samples in recoverv of 
mandelic acid from urine ‘‘through the combination with other urinan- con- 
stituents or through inaccuracy of the method.” He also reported a loss of 
20 per cent in the recovery of mandelic acid added to breast milk. 


DE^•ELOraEXT OF GRAVIMETRIC METHOD 

A Study of the methods reviewed above indicated a need for a more .satis- 
faeton- procedure for the determination of mandelic acid in urine. In attempt- 
ing to apply Rosenheim’s method of e.xtraction from 100 c.c. portions of urine 
intractable emulsions were frequently encountered, but the use of the continu’ 
ous method of extraction with ether recommended by Stevens and Himhas en' 
tirely overcame this difficulty. It ivas found nece.s.saiw to aeidifv the 
rather strongly to insure the complete liberation of the mandelic acid Hi"T 
acidity has been showiU to decrease the solubility of mandelic acid in 
mould be e.xpected to facilitate its extraction bv ether The extracted ' 

.;dd, ,0 ™p„„. 

.ave results which were high. It was found that pure mandelic acid m i 
nearly quantitatively precipitated by adding concentrated hydrochloric ;Sd oJ 
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hy saturutinii: the solution u-ith .sodium idiloride, hut nuuulelie. acid recovered 
from urine under fiie.se eoiuiifions erystijllix“d only slowly and incoiii{)]dely, 
lu-esuninhly on necounf. of the inliihifinir aefioti of the ueeompanyinf' iiiipurific-S'. 

Miiudelie acid exiraett'd from urine hy means of ether was found to he 
))roni]itly and quantitatively ju-eeijiitated as tlie cadmium .salt from aqueous 
.solution, fnrnisliiu'' the hasi.s fora .satisfactory ‘.'■ravimetrie method. McKcmiu’ 
pri'pnrod eadniinm niandidate and li.steil il.s .soluhilify as 0.1 (im. in 100 c.c. of 
water at Iti'' ('. Since ideKenzie did not puldish his analytical data, the lac.'cnt 
author.s liave determined the eomposifion of eadminm mandidate precipitated 
midcr various conditions and have redetermined its .soluhilify. 

If was noted that the physical eliaraeteristies of flu* erystallitic cadmium 
maiulclate formed at room femperaf nre changed a])i>recia1>ly when tlic .solution 
wiili precipitate was Iieated on the stouiii Jiafii, Tlio. (‘adminm mamlclate was 
formed fiiNf a.s a dense crystalline preeipifnte which upon lieatinsr cliaiircd ton 
/loeenlent form. I'nre rndmintii rnaridelnte is while, hut when preeifiilatcd from 
urine if may be .sli/'hliy eoloreil. It was subsequent ly esfabll.shed that both iorms 
of precipitate had tlie .same eomposifion after (hey were ilriofl. Samples rcjU'C- 
smthifT each of the (wo forms of preeij>ita(e were prepared and amdyml. 
Cadmium mandi'lafe was procipitutod by addin:; an e.xeess of eadminm chloride 
.solution (50 Cm. eadminm chloride in 100 e.e. water.) to a slijrhfly acidified 
aqueous .solution of sodium mandebite, the conditions adojited for the analytical 
in'oeechirc de.serilied later. In one ea.se the eadminm rnandehite was ju'ceipilaU'd 
at room temperature, after which it was Iieated on liic .steam bath until the jdi.vs- 
ieal eliango in (ho ciyslalline stmeture wa.s noted. The jirecipitatc ivu-'i 
lected on a .sintered jrla.ss funnel and washeil with small portions of distilled 
water until free from eldoride (Sami)le Xo. 1 ). A second samj)Ie of eadminm 
mandelate was jjrcparod by j)rceipifation from a jireviously cooled .solution ot 
sodium mandelate, and the .solution and ery.s-faJs were kept in an ice bath until 
the wa.shing of the precipitate was eoinplcted (Sample Xo. 2). The two samples 
were dried in a vacuum desieeator ami amdyzed I)y simu!(aueo\is microcomhu-s- 
lion for cadmium, carbon, and liydrogen. Cadmium was converted to the o.xide 
during the course of the carbon and liydrogen combust ion, and (he pereeiitagc of 
cadmium was calculated from (he residue of cadmium oxide I’Cinaining in 
platinum boat. A complete combustion of (he eadmiuin mandelate was easily 
obtained at a tomperalnro well below (he doeomposilion temperature of cadmium 
oxide, 900 to 1000° C. During the combustion the boat was not healed above a 
dull red heat. Tlio re.sults are .shown in Table I. The values obtained for per- 
cenlage composition indicated (bat Cd(CgH;QJ„ is (he cori'cct formula for both 
form-s of precipitate. It is probable that (he dificrenccs in pliysieal cliarae- 
tex'istics are associated with hydrate formation. 

Solubility determinations were made u.sing portions of the purified cadmium 
mandelate samples described above, at 25® C., in water and in dilute aectie acid 
(the condition.s recommended in the analytical pz’oeedurc). Approximately 0.2 
Gm. of cadmium mandelate was placed in a 200 c.c. Kjcldalil flask together with 
100 c c of distilled water. The flask was fitted vvith a motor-driven glass stirrer 
and clamped in a constant temperature water bath. The contents of the fla.sk 
were stm'cd slowly for tliree lioui's, at wlaich time a sample of la e.c. avas rvith- 
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drai\Ti througli a sintered glass filter stick into a calibrated pipette and trans- 
fen’cd to a prcviouslj’’ tared micro-evaporating dish. The water was cautiously 
evaporated on a steam bath, the dish and residue dried in a vacuum desiccator 
over phosphorus pentoxidc and again ivcighcd. The increase in weight was 
calculated to grams of cadmium mandelatc per 100 e.e. of solution. A second 
portion was withdrawn three houi-s later to determine whether the equilibrium 
point had been attained. As a check on the results, a determination was made in 
which the original mixture was heated to 100° C. and then cooled to 25° C. An- 
other detennination was made in an acetic acid solution pH 4.11. The results 
of these determinations are shovTi in Table II. The average value for solu- 
bility, 0.08 dm. in 100 c.c. of solution, is slightly lower than the value reported 
by lilcKenzie. The solubility was found to be only slightly greater in acetic 
acid than in water. 

Table I 

AXALY.SIS or CADMIL•^f MAXI)EI..\TE 



cd 

C 

H 


PER TEXT 

PER TEXT 

PER TEXT 

Theory Cd(C,H.Oj), 

27.1 

46.3 

3.4 

Sample No. 1 

27.2 

(47.5) 

3.7 

27.3 

46.3 

3.7 


27.3 

40.6 

3.7 

Sample No. 2 

27.2 

46.7 

3.2 

27.1 

46.3 

(4.0) 


26.9 

46.0 

3.6 

Table II 


Solubility of Cadjiiuji jSLvxdelate at 25 ‘ C. 



PUP.IFIED CAPMItni 
JfAXPEEATE SAMPLE 
USED FOR TEST 

SOLUBILITY IX GKAMS 
PEP. 100 C.C. OF 
SOLUTION' 

Solution in distilled water adjusted to 

No. 1 

0.079 

25° C. from room temperature 

No. 2 

0.079 

Solution in distilled water Iicatcd to 

100° C and cooled to 25° C. 

No. 2 

0.078 

Solution in acetic acid, pH 4.11, ad- 
ju.sted to 25° C. from room temper- 
ature 

No. 1 

0.089 


The most convenient method of extraction for small samples of uiine was 
found to be repeated shaking of the sample -with ether in a 50 c.c. separatory 
funnel. Several solvents and mixtures of solvent-s, such as ether chloroform 
normal butyl alcohol, normal amyl alcohol, benzene, and carbon tetrachloride' 
were tried, but alcohol-free ether was found to be the bast. When extraetiii" 
with ether it was found necc.s.sarj* to avoid the use of grease on the stopcock 
of the separatory funnel, but the .stopcock may be moistened with distilled wa- 
ter before the sample is introduced. Two satisfacton,- proceduras were develon I 
for transferring the extracted mandelic acid to a water solution preparatory' to 
precipitation as the cadmium salt. In the scmimicro procedure the ether 
tract w.as neutralized with sodium hydi-oxide and the ether evapo’rated from iT 
mixture. In the macro procedure, it was found cxiiedient to e.xtract the th 
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solution witli (liliilo soditiiii liydroxifli' «nd dissolved etlior troni llieswlinni 
hydroxide I’rnelion hy uiinniinr on tlu* stc.'ini hath. By eonvertintr the riiandelic 
acid to tlio sodium salt hei'oro cwipmalimr tin* otlior in liotli profediiros all pos- 
sibility of loss of the acid by volatilisation was idiminafiMl. 

In ordtu’ to avoid extracting unnecessary amounts of impurities froiu the 
urine samjiles liy repeated shaking in the dO e.e. separatory funnel, a series of 
extractions was made on 10 e.e. ali({uot portions of a solution eonininintr a kiioun 
amount of mandelie acid. Tin* n'stdi.s showintr per cent recovery in these ex- 
periments are presented in Table 111, It was found that five extractions .iie 
ndcfiuate. 


Taiiu: III 

KTina: Kxti:.\( T|i>.v kk MASnr.i.ie .\eii> V*r.oM W.vrr.r. 
((l.•Jaa(t Gm. MASor.i.ie Aein nisK<iiA’ia> is to e.e. \\'at!:i:) 
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MKTMon 01- A.NAi.Y.si.s iiY TiiK SK.Mi.Micito mmiuinnu: 

Hroffmls. — .-Ml chemicals u.sed are MallinckrodI rcajicnts of the firatle 
sjioeified : Sulfuric acid A.B.. diluted 1:1 by volume with distilled water; 
cadmium chloride solution. TiO llm. cadmium chloride anliydrous A.K. in 
e.e. xvatcr; .sodium hydroxide IN; chlorjdicnol red indicator. 0.1 per cent m 
95 per cent ethyl alcohol; acetic acid <1100101 A.K.; ether anhydrous A.R. 

Procedure . — itieasure a 10 c.c. portion of the urine specimen into a aO c.c. 
separatory funnel, add 1 c.c. of sulfuric acid (1 ;1). 30 e.e. anhydrous ether, and 
.shake x-igorously for three minute.s. Allow the two layci-s to .seiiaralo and with- 
draw tlie lowci" acpieous la.ver into a second 50 c.c. .separatory funnel. I sc 
necc.ssary jirccautions to transfer all of the acpicous la.ver and ether-wafer sus- 
pension that does not .scpaisite readil.v. Wash the final drofis from the stem 
into the .second funnel with a .stream of ether from a wash bottle. Transfer the 
ether la.ver remaininfr in tlie funnel into a 50 c.c. beaker; jidd 3 c.c. water, 5 drops 
chlorphenol red indicator, and a sliprlit e.xce.ss of IN sodium hydroxide; and 
place on the steam bath xvilh a current of air diivcted into the beaker. Allow 
all of the ether to evaporate thus leaving the mandelie acid in the atpicous la.ver 
as the sodium .salt. While this first ether la.ver is evaporatinir, extract the 
aqueous solution in the second .separatory funnel with another 30 c.c. of an- 
hydrous ether and transfer this extract to the beaker in which the first extract 
was evaporated. Repeat the extraction and evaporation of the ether layer until 
five extractions have been made. The aqueous solution of mandelie acid in the 
beaker must be kept alkaline during- 1he.se oi)eralion.s by the addition of .sodium 
1 oxide 0.5 to 1 e.e. at a time, a.s indicated hy the chlorphenol red. Evaporate 
tl^ aqueous solution of sodium mandelate thus obtained to about 3 c.c. and trans- 
fc^ " uantitativcly to a 10 c.c. mici-o beakci- xvhich has been previousl.v weighed 
wHira'sintcred Pyrex or porcelain filter stick. 
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Again evaporate the combined solution and washings on tlie steam bath to 
a volume o{ about 3 c.c., adjust the pH to apj^roximately 5 by the addition of 
glacial acetic acid dvopwise until the yellow color of the cblorpbenol red in- 
dicator starts to appear, and finally add 0.4 e.c. of cadmium chloride solution. 
Evapoi'ate the contents of the beaker to drjme.ss on the steam bath, take up the 
residue iu 3 c.c. of water, and allow the beaker and contents to stand for about 
thirty minutes with occasional agitation to obtain solution of the water-soluble 
salts. Filter the solution through the previously weighed filter stick. Rinse the 
inside of the beaker and filter stick with two 0.5 to 1.0 c.c. portions of water with 
successive withdrawal of each through the filter stick to remove all traces of 
soluble cadmium and sodium salts. Dry the beaker and filter stick in a vacuum 
desiccator over phosphorus pentoxide and weigh, ^fultiply the weight of cad- 
mium mandelate by 0.7338 to convert to mandelic acid. 

JIETHOD OF ANALYSIS BY THE MACRO PROCEDURE 

Reagents.— The reagents are the same as those listed above for the semi- 
micro method. 

Procedure . — Any of the commonly used t\-pes of apparatus for continuous 
extraction by an immiscible liquid should suffice for this extraction. The tATie 
used here consisted of a 500 c.c. round bottom fla.sk for a boiler, a 125 c.c. dis- 
tillation flask for holding the sample, and a reflux condenser. Connections were 
made so that the condensed ether passed through a tube to the bottom of the 
flask holding the sample, overflowing through the side arm back to the boiling 
flask. The tube which returned the ether extended below the surface of the 
liquid in the boiler flask. 

Introduce a 100 c.c. portion of the urine specimen and 10 c.c. sulfuric acid 
(l.T) into the distillation flask. Introduce 300 c.c. of anhydrous ether into the 
round-bottom flask. Connect the refluxing tube and the condenser to the two 
fla.sks, and connect the side arm of the distillation flask to the retum tube so that 
excess ether will drain back into the round-bottom fla.sk. Place the round-bot- 
tom flask on a steam bath or electric hot plate and allow the extraction to pro- 
ceed for twelve hours, or overnight if convenient. At the end of the refluxing 
period, remove the round-bottom flask from the extraction setup, add 5 or 6 
drops of ehlorphenol red indicator and saifficient IX sodium hydroxide to main- 
tain the pink end-point of the indicator. .Stopper the flask ivith a rubber stoppei’ 
and shake vigorously for two or three minutes to insure that the end point has 
been reached. Place the round-bottom fla.sk and contents on a steam bath and 
allow about one-half of the ether to evaporate. Transfer the ether-water mixture 
quantitatively to a 250 c.c. separatory funnel and add .sufficient water to brin«- 
the total volume of the aqueous layer to In c.e. Shake the mixture vigorouslv 
for three minutes. Add more alkali, if necessary, to keep the aqueous lave'r 
alkaline. Withdraw the aciucous layer into a 250 c.e. beaker and i-in.se anv ad- 
hering drops on the tip of the separatoiy funnel into the beaker with a stream 
of ether from the wash bottle. Repeat the extraction of the other Javer in the 
separatory funnel three more time.s. using ] e.c. of IX sodium hvdroxide and 
4 e.e. of water. Transfer each water extract to the same beaker. Place the 
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beaker on a steam balii anri allow the other to evaporate eomjiletely from the 
aqueous layer. 

Acl.iust till! ])II of the water-(‘xtra).‘t to apjiro.ximately b or G Iiy the ad- 
dition of .suflleient ;:laeial aeetie arid to just reaeli the yellow end point of the 
chlorphonol red indicator, rreeipitale tlie inandelie aeid by addiriir 4 c.c. of 
cadmium elilorido solution. Place the beaker eontainiinr the pix'cipitntc on a 
steam bath and allow the solution to evaporate to dryne.Ks. Add 10 e.c. of wa- 
ter to the residue, mi.v thorouirhly, and allow to stainl at room temperature for 
thirty minute.s with oeeasional stirrins:. Filter the solution into a weighed sin- 
tered frlass funnel, traiisferrinir the precipitate (piantitatively into the funnel. 
Wa.sli the preei])itate with three 1 to 2 e.e. jiortion.s of water. Dry the. funnel 
in <T vacuum desiccator over idiosphorus jientoxide and weifik. ^Multiply the 
weight of cadmium mandelafe by O.T.'ltkS 1(» convert to inandelie acid. 


!nsct;.<sio.N 

The mandclic acid content of urine may be determined by either of the two 
procedures dc.scribcd above. In Tables IV and V are shown the results of ex- 
periments in which known quantities of inandelie aeid were added to water and 
urine respectively and then recovered by the .semimicro jn'oeedure. In Table \I 
arc shown the results of e.xperiimfiil.s in which known quanlilie.s of inandelie 
acid were added to urine and recovered by the macro iirocedurc. Although the 
methods appear to give equally .satisfactory rcsiilt.s over the range of concentra- 
tions studied, the .semimicro method has the advantage that it requires consid- 
erably le.ss elapsed time per analysi.s. It was found that five or six .samples may 
be completed by the .semimicroproeednre by an analyst in an eight-hour da.v. 
Another distinct advantage of the .semimicromethod is that it permits the use of 
a smaller samiilc. 

There is always an unavoidable uncertainty connected with the extraction 
of urine samples due to the lack of uniformity in the comiiosition of difl'erent 
samples. It is conceivable that the cadmium mandelati' jiroccdure might be in- 
fluenced by constituents in the urine, but significant interference by constituents 
of either normal or pathologic urine seems unlikely. A number of .samplc.s of 
urine originating from ])aticnts before the initiation of inandelie aeid therapy 
Avere analyzed by the cadmium mandclatc precipitation method, and in every 
case the complete absence of inandelie acid and all interfering impurities was 
indicated. Oxalic acid forms an insoluble cadmium salt, but it exists in urine 
in traces only. Hippuric acid is also only a minor constituent of human urine. 
The cadmium salts of benzoic acid and the common aliphatic acids are sufficientl.A’ 
soluble to avoid interference. Beta-hj-droxj-butyric acid, Avhich may be present 
in urine under certain conditions, failed to yield a precipitate Avith cadmium 
chloride. 

The results obtained by the cadmium mandelate precipitation method are 
subject to a slight eiTor due to the solubility of the cadmium mandelate, but 
a high degree of accuracy is not required in a urinalysis and the solubility error 
is probably not significant except in samples AA’here the'mandelic acid concentra- 
tion is very Ioav. If an analysis required a more accurate determination the 
solubility error could be corrected either bj- calculation or manipulation. 
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Table IV 

Recovery of Maxdeltc Acid From IVatef. 
Semimicko Procedure 


'\VEIGHT OF M.VM>ET.1C ACID 

WEIGHT MAXDELIC 

ACID RECOVERED 

ADDED TO 10 C.C. TirATER 

GRAMS 

TRIAL 1 

GRAMS 

TRIAL 2 

GRAMS 


0.0119 

0.0131 


0.0523 

0.0521 


0.1037 

0.1013 

0.1500 

0.14S1 

0.1514 


0.2015 

0.1980 


Table V 

Recovery of Makdelic Acid From TJrin'e 
SE iiiMicRo Procedure 


weight of maxdelic acid recovepj:d 


M EIGHT OF MAXDELIC ACID 


URIXE 
SAMPLE 2 

URIXE 

SAilPLE 3 


ADDED TO 10 C . C . URIXE 
GP^i-MS 

URIXE 
SAMPLE 1 

URIXE 
SAMPLE 4 

GRAMS 

grams 

GRAMS 

GRAAIS 

0.0100 

0.0105 


0.0093 

0.0095 

0.0500 

0.0485 

0.050S 



0.1000 

0.1024 




0.1500 

0.1496 




0.2000 

0.2039 

0.1995 




Table VI 



Recovery of ALvxdelic Acid From TJrixe 



IiIacro 

Procedure 





WEIGHT OF MAXDEUC ACID EECOI-ERED 


ADDED TO 100 C.C. URIXE 
GRAMS 

URIXE 
SAMPLE 1* 

URIXE 
SAMPLE 3* 

URIXE 

SAMPLE 5 

URIXE 
SAMPLE 6 

GRAMS 

GRAMS 

GPw\MS 

GP.A3IS 

0.1000 

0.1421 

0.0911 



0.5000 

0.5081 




1.000 

1.011 


0.953 

0.977 

1.500 

1.569 



2.000 

2.059 




•Same urine samples as 

reported in Table V- 




From about one hundred and thirty analyses for mandelie acid in urine bv 
the semimiero method performed in the course of a clinical investigation- onlv 
two specimens formed emulsions that could not be separated. Upon inquiring 
about the history of the specimens it was learned that they had originated from 
patients who had been given mercuiw therapy along with the sodium mandelate 
which may have been responsible for the production of an emulsifving substance 
in the urine. These two specimens wei-c easily extracted by a semimicro adapta- 
tion of the continuous extractor described in the procedure for the macro 
method. A 100 c.e. round-bottom flask and a 50 c.c. distilling flask were used 
in the setup. Recovery experiments on kno'ivn quantities of mandelie acid added 
to normal urine established the fact that four to five houi-s was sufficient f 
for the continuous extraction of 10 c.e. .samples. 

In Table VII is shown a scries of results on case specimens of urine in 
which the samples were analyzed for mandelie acid by both the semimicro and 
macro procedures. ^ 
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The isoliit ion uinl (]c(<'niiifialiem nf matuli-lic acid as ciHiiniuin aiaiidelatp 
may l)o oT value in the analysis of otlici- suliilimis nr ini.vltircs snrli as olixii'sor 
<aWc(s. 

Taiiu: V 51 


CdMPAiasfi.v oi' (’AST. St'(i-iMi:N-s )iv Skmi.xii(-j:/> A.vif Ma' i.-ii Mjrrao/is 


t'nr.vf; si'KciMirN’ | 

i 

\y):ir.HT i»r 

lor.vii ri.t; 1011 c.c. ruiNT 

SKMI.^tJf’Iro j 

1 

(;i:AXlK 


a. to 

0.20 


1.02 j 

1. 01 


IC.’..". 1 

o.::2 


<1.12 1 

O.IJ 


o.o:; i 

0.01 


SIM.MAttV 

A incflifKl for tin* (l('U‘rminati(»n of iiiamiolir arid in urine is pre.seuk’d and 
its use for oilier fyjies of samjdes is simi'esled. Tlie juorediire is laised on t^ir 
extraelion of the acid with ether, eoiiversinn to tin’ sodium salt, and jireeijuta- 
lion as eadmium mandelate. A S(*mimiero and a maero procedure are t:iveii ami 
two methods of extraction are d('scril»(>d. Tin’ mctliod.s are acctirat*’ and miinu' 
no special eiiuipmenl or ream'Mis. S(‘veral detm-aiinations may he carried out 
simuItancou.sly. 

The composition of cadmium matidclate has heeti confirmed liy analysis and 
its solubility redetermined. A method is reported for tlie determination of 
cfidmium as the oxide simultaneously with tin* determination of carbon and 
hydrojfeii hy cornhuslion. 
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A RAPID AND SIMPLE TECHNIQUE FOR THE DETER^HNATION OF 

GELATIN* 


^Iartha Jaxota, M.S., Chicago, III. 


T his report deals with a technique for the detennination of gelatin protein 
in a mixture of blood and gelatin or mine and gelatin in vivo as well as in 
vitro. The technique described here is merely the application of well-known 
methods and principles of chemistry in the separation of pla.sma and gelatin or 
urine and gelatin proteins. The present paper is reported because of the in- 
creased interest in gelatin as a l)lood substitute and because of the absence in 
the literature of suitable simple methods %or the detenninatiou of gelatin.^ 

The basis for the separation of gelatin from plasma proteins is the property 
of gelatin protein in 9.5 per cent ethyl alcohol and in 5 per cent trichloi’acetic 
acid. (Gelatin throughout this paper refers to an autoclaved solution.) The 
addition of 95 per cent alcohol to a gelatin solution results in the protein of the 
gelatin being precipitated, the nonprotein constituents remaining in the super- 
natant fluid after centrifugation. The addition of 5 per cent trichloracetic acid 
to a gelatin solution does not precipitate the gelatin proteins. It is a well-known 
fact that 5 per cent trichloracetic acid or 95 per cent alcohol precipitates the 
proteins of serum or plasma, the nonprotein constituents remaining in solution.^ 
Thus in a mixture of gelatin and plasma, the gelatin may be separated from the 
plasma by the precipitation of plasma proteins with trichloracetic acid, thereby 
leaving the nonprotein constituents of both plasma and gelatin and the gelatin 
protein in the supernatant fluid. Every .sample of gelatin had a nonprotein 
nitrogen content varying between 30 and 75 mg. per cent after autoclaving. Pro- 
longed autoclaving increased the nonprotein nitrogen and decreased the viscosity 
of the solution. A standardized procedure of autoclaving was used therefore. 
Now, if a total nitrogen determination is made by the micro-Kjeldahl method on 
the 5 per cent trichloracetic supernatant fluid and the nonprotein nitrogen is 
determined by the usual ncsslerization method on an alcoholic filtrate of a 
plasma-gelatin mixture, the protein nitrogen of gelatin may be obtained by sub- 
tracting the nonprotein nitrogen from the total nitrogen. The pi'otein nitrogen 
multiplied by the protein factor for gelatin of 5.25 melds the protein gelatin in 
the mixture. 

Tlic plasma protein of the mixture may be obtained by analyzing the gelatin- 
plasma mixture for total nitrogen, and then subtracting the total nitrogen of the 
5 per ccJit trichloracetic acid .supernatant which contains the gelatin protein 
nitrogen and the nonprotcin nitrogen constituents of both gelatin and plasma. 
This figure represents total pla.sma protein nitrogen, which multiplied bv the 
usual protein factor of 6.2.5 yields the protein of the pliLsma. It is obvioms that 


•From Uif S^inuKl DfUt.«cli S-rum Cent.-r of P.w-fo Hospit,.xI, Chicapo 

Sui>i'orto<l l.y a Krant from Um I^lllilo Golatln Mahufactur..-rs Rojoarch ^ocir-tv n„.i r,. 
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hy adding iho pla.snia protoin to Iho gelatin |tr«toin the true combined total 
protein o£ the golntin-plasina inixtuiv is obtained, 

T)io.s-e same i)rinoij)io.s iiniy he applied to golatin-nrino analysis. In pas.sin.c, 
it should he pointed out that Die qualitative tests for jirotein in urine, .such as 3 
per cent acetic arid and siilphosalieylie acid, are not .suilahlc for the dclection 
of gelatin, since gelatin is not preei{>itafed by either of the.sc reagont.s. 

i:.\ri:iti.Mi:.\TA(, 

U.s.seifi or pigskin gelatins i>ref)are<l in 0.8.') per cent XaOI .soliition.s, auto- 
claved for one-half hour to one hour .-it 2.ofi° were u.^^^ed in vitro and in «vo 
exporiineni.s. In vitro experiments were performed hy mixing gelatin anil 
jiliiJiinu in var.ving amounts. Total proteins were determined on t lie gelatin and 
jdasnia heforo Die niixtnres were made: the mixtures were analyzed for gelatin 
and plasma proteins, and Dm Dieorofieal values were ealmdated. In Table I 
arc repre.senled flio theoretical and recovered gelatin and jilasnm protein values. 

Total nitrogen determinations were madi' hy diluting O.o e.e. of the pla.snia- 
gelafin Jiiixture to 2,3 e.e. with O.t) per cent NaCI and analyzing 1 c.c, aliquot-s 
for total nitrogeji hy the iniero-Kjeldahl method of Ma,’ 

Gelatin nitrogen was determined hy precipitating the plasma protcims con- 
tained in 0.5 c.c. of tiic gelatin-plasma mixture with 7 c.c. of 5 per cent tri- 
chloracetic acid and hy analyzing 1 e.e. portions of Die snpcfnatant for total 
nitrogen (G.N.) hy the miero-Kjeldahl method. 

Nonprotein nitrogen (N.l’.X.) was determined hy jirceiju’taling Dio gelatin 
and plasma prolein.s in 0.5 e.e. of the mixture with 7 e.e. of Do per ernt alcohol, 
determining the nmonnt of N.P.N. in 5 e.e. of Die supenial.'uil hy Die usual meth- 
ods using direct ne.sslcrization.^ 

Protein values were obtained by the following formulas; 

(T.N. - G.N.) X G.25 = Pla.sma protein in grams per 100 c.c. 

(G.N. - N.P.N.) X 0.25 == Gelatin jmileiii in grams j)or 100 c.c. 

Gelatin protein plus pla.sma protein = Combined protein of mixture. 

In vivo experiments were iierformod on dogs infiusod witli known quantities 
of gelatin. Gelatin and plasma protein analyses on the blood of those animals 
one hour, twenty-four houns, forty-eight hour.s, seventy-two hours, and live clays 
later indicated that gelatin left the circulation very rapidly." The analyses ivere 
made in duplicate and the values obtained agreed M-ithin ±3 per cent error. 

lu order to ride out the rapid loss of gelatin from Die circulation due to 
diffusion of gelatin into the red colls, heparinized blood was mixed wth equal 
amounts of gelatin solution. The mixture was gently sliaken for one hour, and 
then centrifuged, witli the plasma analyzed for gelatin and plasma protein. In 
one experiment the red blood cells of the mixtures were rejieatedly washed -with 
0 85 per cent NaCl ; the washed cells were then frozen rapidly in carbon dioxide 
snow and alcohol, thawed rapidlj-, and analyzed for gelatin. Table II repre- 
sents the results of this experiment. Tlie Dicoretical values wore calculated from 
hematocrit determinations of the blood before adding the gelatin. 

DISCUSSION 

From the data presented in Tables I and II, it would appear that the tech- 
nique for the determination of gelatin and plasma protein in a mixture of gelatin 
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and plasma is adequate fov biologic purposes, the dift’ereuees between the ex- 
pected and the obtained values being Avithin the limits of error of the method. 
Due to the A-iscous nature of gelatin, difficulty is encountered in adequately drain- 
ing pipettes AA-hen measuring gelatin. This may in part explain the lo.ss of gel- 
atin in the recovery experiments, since the pipette.s containing plasma and 
gelatin cannot be rinsed out Avith tricliloracetic acid. 'Wlien blood and gelatin 
Avere mixed, the gelatin recovery Avas 91.7 and 86.2 per cent. Analysis of saline 
Avashed blood cells hemolyzed on freezing and thaAA-ing (86.2 per cent reeoverA- 
experiment) Avas negative for gelatin. These data AA'ould indicate that no, or 
at most insignificant, amounts of gelatin entered the red blood cells. 

After the AA-riting of this paper the AA'ork of Little and "Wells appeared.® 
These authoi-s employed sodium tungstate as gelatin precipitant and 10 per cent 
trichloroacetic acid as plasma protein precipitant. No recovery data Avere sup- 
plied. 

SUMMARY 

1. A technique apphing khoAATi methods has been described for the deter- 
mination of gelatin in a mixtiu'e of gelatin and plasma. 

2. Eecovery experiments indicate the method suitable for biologic purposes. 

3. The technique described is also applicable to urine and gelatin analysis. 
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MEDICAL ILLUSTRATION 


TlfK CONTROL fiC CXfANSlON' AND CONTlf ACTION OF 
UriUUOK (!AST.^‘‘ 


Caiu, J).\Mr: CianKi:, anh Fi:in>!;ifi(;K ^JIattiikw Stinki;. 


Wasimnc:ton’, P. C. 


S JIPJNJCAOI'I oi fidilici- i»ir>s!lu-si‘s of facial aiul liody iiicinbci^j iui-s ja'ost'iitc^l 
a (Icfmilo in'ohlciii. IPililicr sliriiiks .slitrJilly f)ti scltiii*,' ((■aai.Milalioii) aii'I 
flryiii". This siiririlca'j'c may lx* irrcal or infinitesimal. Ncvcrlliclcs-s. it nwy he 
suffieionl to cansc an impro|M>r fit of the artificial part to the human lisNSUf*. 
Therofore the lollou-in,!' o.\i)orinicnls were earned out in an effort to oven'ome 
(his difticulty. If wa.s found po.s,sihle to expand a rnhl>e»' e;isl to more tlinn tlirec 
iiiiios if.s- ori^dnal snrfatx’ area or sliolply less liian (wo diiimett'rs Iiy soakitiy it 
in heiizine. Likewise, it was discovered how tfi reduce or slirink it t(> a fniedon 
of its orifrinal size. T/io alu'iity (o nsluoo (he size has its jdaee in art and inctli- 
cino as well iis (lie lU'ed for oidartriiifi: (o offset shriukae'c. A jiractical example 
of wlioro shrinK'a're maj' he a necessify radier (Iian a fault is when a niiiher 
hand is to he made of a jiroper size to fit a jxirlieular individual who ha.s lost 
his hand. The.so hands arc invariahly molded from a second individual (donor) 
for .suiiplyini; a east to the fiiTit (recipient). 

Both cxpansimi and contraction imi.st fake place without an ajijireoiahlo loss 
of detail. Therefore, eoins having a wealth of detail were chosen for the.so 
e.xperimenf.s. Indeed, the m iero.seoju'e writing on one coin (Figs. .1 and 2 ) 
became plainly visible to the unaided eye on enlarging. It was found that m 
the expamsion of a ])ros(hosis the distortion often took jdace in proportion to the 
tliieknoss of the rubber. The thinner juirls heeamo distorted more rapidly. 
However, this was ofl'set in the drying of (ho expanded rnhher to a greater ex- 
tent than luul taken place during the expansion. As a resuH the ])rasthc.sis 
assumed an accurate hut enlarged ])nl(crn that was .satisfactory for recasting 
into a fmal prostlicsis for mso on the jiatient. 

Briefly, the expansion is aceomplislicd hy soaking fhc vuleanized rubber 
pattern in benzine until it Iia.s expanded to a degree .slightly above that which 
is desired. It is then allowed to slirink .soniewliat to a.ssmnc correct but enlarged 
proportions. TJie patfern is then n.scd for jilaster molding for tlie final rubber 
prosthesis or cast. 

Expansion and contraction ai-c also governed by tbc amount of filler (clay) 
in the rubber. Tlie more filler, the greater the contraction. Howe^•er, expan- 
sion takes place to a lesser degree if tlie cast is filled. 

According to the record kept of experiments, the following results in ex- 
pansion were noted. Tliese experiments were done on rubber casts from plaster 

molds. 
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expi;riaiext 1 

Subject: Coin. 


Alaterials: Vultex 

n-235 

Dixie clay 

2 parts 

Expanding agent : Benzine 

1 part 

Minutes 

Size in 

mm. Expansion 

0 

40 

0 

45 

53 

15 

C5 

5S 

18 

SO 

60 

20 


This cast reached its maximum expansion of 60 mm. in 80 minutes. 


EXPERIMEXT 2 

Subject : Coin. 

Alaterial: Viiltex F-293 "Water 

2 parts 1 part 

Expanding agent : Benzine 

Minutes Size in mm. Expansion gain in mm. 

0 40 0 

15 CO 20 

60 70 30 

Prom this experiment it tvill be noticed that the unfilled east expanded 
more rapidiv than the filled east. In 15 minutes it reached 60 mm. in diameter, 
a 20 mm. gain. It reached its maximum expansion of 70 mm, in 60 minutes. 


EXPERIJIEXT 3 

Subject ; Coin. 

Material: Vultex H-235 Dixie clay 

2 parts 1 part . 

Expanding agent: Benzine 

Minutes Size in mm. Expansion gain in mm. 


0 

40 

0 

5 

42 

2 

10 

44 

4 

15 

46 

6 

30 

50 

10 

45 

53 

13 

60 

60 

20 

225 

60 

. 20 


This cast reached its maximum expansion in 60 minutes. However soak- 
ing was continued to see whether disintegration would take place. This became 
apparent as soaking continued over exceptionally long periods of time. Vul- 
canization plays a large part in the degree of disintegration. XJnvuleanized casts 
disintegrate rapidly. The well-vulcanized cast holds up after prolonn’ed soak- 
ing in benzine. 


EXPERIMEXT 4 


Subject : Coin. 

Material : 


Vultex F-293 


Minutes 

0 

Size in mm, 

40 

Expansion 

0 

5 

43 

o 

10 

46 

c 

15 

46.5 

6.5 

9 

30 

49 

45 

52 

32 

60 

i)0 

15 

75 

57 

17 

o.-> 

90 

62 


This cast was slightly thicker than the 
expansion took place more slowly. 


east used in Ex-periment 2, therefore 
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irxrKitiMi'.Nr 


SuJijicI: 7'rn^thi tie ,Vosc, 
Miitoriiil; Viiltcx 
- I' 

H.\|i!inilin^ n},’cn! : 
Miiiiitc' 

0 

LM 

•15 


ll L';:.") llixic «-Iiiv 

lirtH 1 purl 

Hcii/.inf 

Si/i> in intn. 

7-t hi;;li. .'ll’, wiili- 
KlI IiikIi, tl- \viil(‘ 

S.'i liisli. •’•5 x\iil<> 


I-;\p!iii''i(in ^::iin in 
fi liifili, l> xvidf 
S iiinli, li xxiilf- 
11 liiuli, IL’ 'villi' 


mm. 


CotitroJ F.S}>( rim' ntnl 





CtKTIMETtRS 


' ■ HI 


1 The control and e.xperiiiiontal of vulcunizeil late.x contalnlnf,- no llller. It 'vill he 

■ noticed that after 15 nilniite.s of sonklnp in benzine distortion bcKln.s to appear. 

After 45 minutes in the benzine distortion liepjaii to take jilaee, .so tlie jiros- 
thesis was removed from tlie benzine. On extimination it wa.s found tliat e.xpan- 
sion had taken place rapidly in the thin area. Wheu the pro.sthesis was allowed 
to stand in the air it was found that on evaporation of the benzine shrinkage 
took place more rapidly in the thin areas than in the thick ones. Therefore, the 
lei- shrank back to a true ratio in the proportionate areas hut there was an 
”!darcement throughout the entire cast. The photograph in Fig. 3 was taken 
fi • minutes after removal from the benzine. It show.s clearly the proportional 
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enlargement that is possible. This enlargement is 

prosthelie applianees beeause the natural shrmltagc of l u .be. .s " 
to offset such an enlarcemcnt. Although it may he necessarj to enJai^e p a 
thetic hands and arms beyond the actual size of the donor s hand to promde 


Control 


Kxperirtxevxtal 






O ThiP is It contlnimtion of tlif lllu.stration p.;cn in Fic. 1. Distortion lias taken 

nWoo raniiTiv in 15 minut.s of soakinp:. At tli*; end of ?0 minutes the experimental has 
listened* without distortion. Tlie bottom pirture .'hows the reverse side of tiie coin. 


i-orreet sizo for tlie recipient, it is not likely that an enlargement of such pro- 
portions would he ncccssaiw in many eases. However, greater enlargements in 
true ratio and jimiiortions are i>ossible. 

As mentioned previoti.sly. a distorted enlargement of greater proportions 
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Avas obtained in 45 miimlcs’ .soakinfr in l)pnzinc. Five ininnles after it was re- 
moved from tlie benzine tlie pro.stlie.sis siiranlc to true Imt still enlarj'cd propor- 
tions to tlie eonti’ol. As flie benzine contitiued to evai)orat(i the i)rosl!icsis beearne 
smaller and eventually returned to the same dimensions as the eontrol. This 
took about two bom’s. At any jmint during this shi-inkage liic model could have 
been remolded to obtain a permanent, prosthesis of cnlai-ged i)roportions that 
would not. .shrink appree.iably regardless of time. 

Control Jirpcrivwntdl 


4 .i'- 

V 



i 


FIr-. 3. — RoiiKh ensts of filled rubber pro.stlie.sis .showlnp cxprui.slon In true proportion.^. 
This has e.xpandcil more tlmn neco.ssary. since It Is onlv C-s-sentlal to offset norninl .shrinknBc 
for this type of prostliesis. Filled rubber slirinks about 2 nini. to 10 mm. 

Disioriion . — Upon fiirtlier inve.stigalion it wtis found tluit the experimental 
eventually assumed true iiroportions when it reached the saturation point dur- 
ing soaldng in the benzine. Enlargement of nearly two diameters or rouglily 
three times in area was obtained. The more filler used in the rubber latex the 
smaller was the enlargement. Nevcrthele.ss, this had little effect on distortion. 
As the cnlarghig process advanced the model lost physical strength but it always 
possessed enough tougline.ss to be molded in plaster at any time during the soak- 
ing in benzine. In prosthetic hands the expansion can be hold permanent for a 
longer pei'iod of time or shrinkage ])rcvcnted by filling the rubber shell with a 
mici’oerystalline wax. This wax is pliable and permits the fingci-s to be moved 
in any position desired before molduig. A one-piece plaster mold is then made 
of the imbber hand. After the plaster mold has set the wax is melted out. The 
collapsible rubber pattern shrinlfs and is finallj’’ pulled from the mold. This 
one-piece mold is used for pouring duplicate nibber hands to bo attached to tlie 
patient In this way prostheses without seam lines are obtained. This tech- 
nique -will be described more fuUy in a future article. 

Accelerated SlirMage. — Contrary to common belief it should be realized 
that rubber can be cast in practically any tyire of mold. This includes molds of 
a'^ar plaster, Avood, cement, terra cotta, glass, rubber, and sjmtlietic plastics. 
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Fig. 4.— Rubber casts can be •"’l^wax^moli Cenler.- A^rubber mold. The 

mold. Upper right: A plaster mold. Lower lejt Ja«t 
small impression at the lower right is a rub 



Fip. 5 Ton left- Original coin. Top right: First cast from a plaster mold. This 

cast contained no filler It was used as a control. Lower left: Tlie first cast from an agar 
mold snowing a reclucjion. Ctufcr; .\. .'c-cond recasting from an agar mold .showing further 
reduction. Lower right ■ X third recasting .showing a still further reduction. The.=e recastings 
were of filled rubber and photograph better than the unfilled rubber which was nearly trans- 
parent 
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Til fuel, llio ])i'()l)lein Iins never been willi liie inobliii^r iiiiileriiil. but new .s(‘p:iriit- 
inp: nicdinniK Inul to be devised lo suit llie mold, llulilier .Tdliere.s to niiiber, 
t liereforc soup nnd a .salt aetinp: as a eoa'iulatinp: apeiit for rubber Iiad lo lie used 
on llic mold. TJiibber will not sliek to ajjar. However, a eoapnilalinp .salt bad 
lo be added to Hie airar mi.x to coairnlale the rubber late.x on tlie surfaee of the 
ai^ar lo build up a suftieienl lliiekness of rubber lo make the ea.sl of praelieal 
use. TIic .subjeid of separalinp and eoauulalinir ajrents also will be disen.s.spd 
further in a future artiele. This subject lias been considered in .some detail in 
Hie book MoUliiu/ and (Jasfinfi.' 

Slirinka<xe lakes jilaee more readily in casts Hial dry from Hie .side next In 
the mold. Those that dr.v fianii the hollow side of the i-asl only, .shrink le.ss. For 
example, when rubber is lamred into a dry plaster mold, water is absorbed from 
the latex mix into Hie porous mold. If rubber is poured into an airar. a rubber 
or .synthetic jilastie mold which is nonabsorbent, a rubbi'r coatiiifr or layer laiist 
be built ujion Hie mold. The exce.ss then is poured out. This coairubited layer 
of rubber must dry from the hollow .side. Furthermore, after eoairulatiiip it 
must not adhere to the surface of Hie mold. Both the inner and outer surfaces 
are exiio.sed to the air and shrinkaire lakt's jilaee rajiidly. This shrinkaire can 
be ofl’set to .some extent by ])ourin<r over the eoarrubited and partially dried nib- 
bor layer a mieroer.vslalliiie wax M-hicli pre.sses the rubber back lo the mold 
surface. 

If a filled rubber latex is poured into an apnir mold, iiroportional eoiitrao- 
tion or shrinkage readily oeeui-s on the drying of the rubber. An agar mold 
will also cpiickly contract on drying. Here eonsideralile distortion take.s place 
in the mold. This distortion can be prevented by the addition of .sorbitol to the 
agar mi.x. Shrinkage follows but it is not distorted conlraetion. In the tii-st 
casting of a filled rubber latex ]K).siHve in an agar mold containing no .sorbitol 
a proportional shrinkage of a to 40 millimclei's oeeui-s. thus jirodueiiig a cast of 
35 millimetci'S in diameter. The .second casting from a second agar mold of the 
first ca.sting shrinks from 35 to 30 millimelei's. and the third easting shrinks to 
27 millimeters. Therefore, three ca.stings into agar molds produce a jiropor- 
tional shrinkage of 13 millimetcr.s. As a result, the final east is reduced to 
nearly half a diameter of the original pallern. The same proee.ss can he con- 
tinued without apiireeiable lo.ss of detail. 

Prinz- gives the following formula for reducing the size of jilaster of 
Paris ca.sts: 

Ali'.oliol 1 i>!irl by weialil 

AVater 2 pnrl.s by wcialit 

Plaster of Paris enouftli to .suit 

Tlio cast is allowed to dry for a few dsiys in a wartn glare. After the .aleohol has been 
evaporated conipletely, the linished cast will be about th smaller in all directions than 
the original model from which the im})re.ssion was made. Hy repeating the process any 
desired reduction may bo obtained. 


Tfie reduction of only ^/g.^tli in this ca.se is so small that the ox])eriment was 
not done. At this rate many castings would bo ncce.ssary to obtain the i/sth 
reduction possible Avith one casting of rubber into agar. However, from a re- 
search standpoint Prinz’s method may prove of value. 


iClnrke. Carl D.: 
sprlnz, Hermnn: 


Molding and Casting, Baltimore, 193S, John D. Lucas Co. 
Dental Fornmlary. Lea & Feblgor. riiiladelplila, 1930. 



BOOK NOTICES 


Fundamentals of Inununology'' 

U XTIL witliin the last decade medical \vriterp have approached the subject of immunologj' 
chiefly through the medium of Iiacleriology. Most of the leading texts on the subject 
liave dealt with bacteriology' and immunology. Recent advances in the study of the nature 
of antibodies and tile mechanism of their reaction with foreign cellular and noncellular pro- 
teins have been made especially througli the medium of protein chemistry and physical chem- 
istry. Dr. Boyd’s booh, “ Buudamentals of Immunology,” presents an adequate discussion 
of recent advances in this new piiase of the study. It may be highly recommended as a 
reference volume on the mechanism of antigens, antibodies, and their interactions, and it is 
so constructed that it w-ill also serve as a textbook and laboratory' manual. The discussion 
of anaphyla-xis is rather l)rief. That of clinical allergy- is decidedly superficial, but this 
phase of the discussion was not the purpose of the book. 

The discussion of antigen-antibody reactions includes study' of blood groups, comple- 
ment and complement fixation, and immune reactions to bacteria, viruses, and parasites. 


Physiological Regulationsf 

p\OCTOB Adolph's monograph, Physiological Begnlations, deals chiefly with the study 
of the mechanism maintaining water balance in experimental animals and in man. It 
is highly technical and should be of chief interest to physiologists and biologists. 


Familial Nonreaginic Food-AUergyi 

D r. coca, like many otlier allergists, lias long been conscious of the inadequacy of skin 
tests with food extracts. His new book. Familial Nonreaginic Food Allergy, describes 
a new approacli to tlie study of allergenic foods. Some food extracts produce positive skin 
reactions which are truly reaginic. Others appear to give false negative reactions. Dr. 
Coca believes that these are nonreaginic. His experience has been that this type of food, 
when eaten by one wlio is sensitized to it, produces an increase in the pulse rate which can 
be used diagnostically. 

Dr. Coca documents bis thesis with detailed presentation of case records. He describes 
the tecknitiue of diagnostic study in detail, and outlines the pTogram of practical management. 

Irrespective of wlietlier the author’s theory concerning the effect of foods on the 
pulse rate will be substantiated by others, the volume covers the careful investigations of 
a leader in the field of allergy- and will be of intere.st not only- to allergists, but to internists 
and others. 


Psychosomatic Medicine§ 

■pSYCUOPOilATIC medicine may be termed the newest specialty in the field of internal 
t medicine and psychiatry. The psychiatrist has in the past dealt with psvchotic.% mane 
of whom are incurable, but has recognized the field of functional nerc'ous disorder.*: in which 


•FunOniUfntals of ImmunolOBj-. By XVilliam C. EoyO, Ph.D.. .Associate Professor of Bio- 
'■liemis'rj-. Boston t'niversi'y. School of Medicine; .V.ssociate Member, Evans Memorial Masc^ 
cliusotts .Memorial Hospitals. Boston. Mas.=. With 45 Illu.strations. Cloth tth oacc's 
Intcrscicncc Publishers, Inc.. New York. N. Y., 1913. ' i u .. 5.->..-)>. 

„ ,.1fhy.«ioloKlcal Reculalions. By Edward F. .\dolph. .V.ssociate Professor of Phvsioloic:.- in 
IM.. miV"' Tim- -nmues Cattell PrJs. 'LLn^Sj?. 

t Familial Nonro.acinic Food-.VlIerity. By Arthur F. Coca. M.D. Jledical Director 

•ni ,,H’'-ycliosnmatlc Medicine. The Clinical -tpidication of Psvchopatholowi- to f'enrroi ar 
cal Problems. Bv VMward M'eis.s. M.D.. Prnfe.s.sor of Cllnicdl Medicine ^ledl- 

Me, Ileal .Cchool. p-- . irceon EnaHsh. M.D Professor" , B ve.'’,’'', ^"''’irslty 

■ Cloth. IM pacer, xc (», '\y p Temple 

J hllnilclphia and is..,.,. >\ . i,. x.aunders Companv 
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5U{)0rvjpf(l orientation may relieve file ii;iti‘'nt. It i.‘i in this t^roiiii flint tlie Freinlian proee- 
(liires of jisyclioannlyi-is and ji.sye)iotliera}iy, ni-ed in the hroad .“enre, are often heljifiil. The 
internist, on the otiicr liand, treats niany ea!-e> uith oritatiie ili“eare in tvliieli he realizes 
that emotional faetors play a [lart hut whieli he is ijnahle to study nderjnately hecaiifo of 
too limited experienee in jisyehotherapy. (hdlahmative efforts hy llie jisyehiatrist, or psydiol- 
opist, and the internist may he expected to solve ninny of these patients' prohlenis. I’syeho- 
somatic medicine may he loosely des'erilwil ns the treatment of emotional factors rvhieh color 
the symptonmtolopy of somnlie or orpanie disease. 

Tile volume I’l^i/diosoiJiniU- MdHritu re-iiIts from the eollahorative effort of an iriterni-t 
and a psychiatrist. The first two elmplers ileal with presentation of the jirohlem. with desori]i- 
tion of illustrative eases. Ifeadinp then* idiaptefs, cnie will apree entlmsiastieally with the 
nnlliors as to the need for a new metliod of treatment for sinh eases and is likely to eonchide 
that the jirocediire should he very .simple, just a matter of horse .-.eiisi-. 'Die last four chapter.s 
de.serihe the tecliniiiiie of p.syeliosomtitie sfmly and treatment in detail. .\fler readinp them, 
one realize.s tliat thi.s is a liiphly teelinieal llidil refpiirinp extensive Irainitip, if iiie tiiernpi.st 
wi.slie.s to .do pood rather than harm. Allhoiiph psycho.somatie piactice will nis'ei-sarily de- 
velop into n .strict .specialty, every pliysiclan praclieinp niedicini> .should he well acipwintcd 
with (ho prohlem.s and metliods in the field. 'Diis volniae (ills this need (idei]na(idy. In it 
one finds disctissinn.s- of (he psychosomatic fnctor.s in cardiovascular disease, disordcr.s of the 
pa.strointestinal sy.stem, the endocrine .sy.stem, the resfdratory svsfem, allerpic di.sease.s. the 
central nervous .sy.sfem, the peniloiirinary .sy.stem. and disorders of sexual fimetion. There 
is also a chapter on military medicine. 

Man in Structure and Function" 

M ax in Stnirturr and Function is a two-volunie .semiiiopiilar di.scii.s.slon of human anatomy 
and jihy.siolopy written hy a German phy.sician and translated hy Dr. Georpe Do-'en. 
The text is free enouph from teidinical terminolopy .and complicated verhiape so (hat a well- 
educated layman, not averse to makinp the aei|uaintatice of some new words, can read it with 
under.standinp. 'riio fnscinatinp part of the hook, however, is it.s illiist rat ions. The.se niiphf 
lie termed “inspired.” 'fiiey illustrate statements eoneerninp llie structure and e.sj>ocially 
the function of the body in the form of comparisons with familiar nhjeets and e.xperiences 
wliicli all readers can undcr.stand with no difliculiy at all. 'fhere are -Kil of them. Those 
volnnie.s are worth their price for the illustrations alone. 

•Man In .s<tnicturc ami lAinction. A'oliiiiic.s- r anil II. Tnin.slaleil from the rjerman and 
edited by Oeni-KO itosen, At. II. Cloth; Vol. I, till inipres ; X'ol. II, 712 payc.s; $10.00. Alfred .X. 
Knojif, Xew Torlc, 10(3. 


COMMUNICATION 


The fir.st Women’s Army Auxiliary Corps Hospital Unit, orpani/od to replace ahlc-hodicd 
men in laboratorie.s and lio.spitals of Army posts and stafion.s, is now servinp with the .Vrniy at 
.Station Ho.spital, Fort Oglethorpe, Ga. Thi.s group of medical, surgical, and laboratory 
tcclmiciane, x-ray technicians, dental a.“sistant.«, plmrniacists, medical slenograplier.s, clerks, 
and typists is e.xpccted to be the forennincr of other W.(VAC Iiospifal nnit.s to be organized 
and sent out to Army po.sts. AVAACs are also .serving as fcclinicians, hospital nic-ss sergeant.s, 
cooks, and chauffeurs. 
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PROGRESS 

NUTRITION IN THE WAR 


FR.A.XKLIX C. Bikg, Ph.D.,® Chicago, III. 


INURING the first ‘World 'War empliasis Avas on food. Noav it is on nutrition, 
for this is the science concerned ndth the proper use of foods for the develop- 
ment and maintenance of healthy, well-nourished bodie.s. A great deal of factual 
information has been obtained in laboratories and clinics on the compo.sition 
of foods and on the dietaiy requirements in health and in disease. Work along 
some of these lines has been intensified because it has been recognized that 
additional information was needed without delay for the handling of wartime 
problems. The principal actmty, however, has been in the application of nutri- 
tional knowledge gained through fundamental research. Tins field of applied 
nutrition has required the active participation of workers in many other field.s. 
It is the purpose of the present article to describe some of the current important 
aspects of applied nutrition and to mention also some of the problems that are 
being investigated at the present time. 


SPECLVL PROBLEMS INTRODUCED BY THE WAR 


Feeding the Army and the Nary.— “An adequate dietarv-,^' Colonel Paul 
E. Howe’ has written, “is important for the soldier's health, morale, and effec- 
tiveness.” In the Army, the immediate rospon.sibility for procurement dis- 
tribution. and preparation of foods re.sts with the Quartermaster Corps, wliile 
tlm supervision of the diet of the soldier is the responsibilitv of the medical 
officers 111 coniunction with the officers of the line. The effort has lieen to liave 
the Am erican soldici-s the be.st fed troops in the world, and. from report of 


American Institute of Bakin:?, Form^i-iv ^ 

f-oovl. anti Nutrition of iho Amf'rlcan Medical Association. ’ of iho Council 

I\ccclvcd for publication, Juno 2 ?. 1943. 
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Colonel Ilowe, in ehnrfio of nutrition activities for the niedieai deparlinent, this 
goal has been attained for men in training or in sorvieo in the United States. 
The rceord.s show clearly that the individual soldier i.s receiving all of the dietary 
c.sscntials in quantities e.xeeeding the I'eeonnneiuh'd daily allowances of the 
Food and Nutrition Board of the National Rc.seareh ('ouneil.- It Is gratif.ving 
to know that the tremendous problem of feedinir fiie Nmoricaii troop, s i.s heine 
handled so .suc(;cs.sfully. 

Iloports on the feeding of troops in overseas st'rviee and in combat avea.s 
probably will not be forthcoming until after tiie war, but there is every reason 
to believe that the men are well taken care of nutritionally. Ilalion.s for n.so over- 
seas have been de.scribed by Wodicka." Considerable interest has ^levelopcd in 
the combat mtion known a.s Field Bation K, developed originally in resfionsc to a 
request from the parachute troops, but of .such merit that it lias proved to he 
of general usefnlnc.ss as an emergency ration. Three different units are provided 
in dui’alilc containers wliicli together Aveigh .about two pounds. The foods consi.st 
of different types of bi.seuit, canned meat with chee.se. and a beverage concen- 
trate. Chewing gum and cigarettes are also included. TJie meat, confectionery 
and lievcragc concentrates are different for each of the thri'c mc.-ils. The mitri- 
tive value of these three meals has been designed to meet the requirements of 
the men. In the development of this ration, the .Sulisistcncc Bescarch Laboratory 
of the Quartermaster Corps, located in Chicago and under the direction of 
Colonel B. A. Lsker, has shown considerable .skill and re.sourcefulne.ss. 

In the dcvelojnnent of other .special ration.s, a considerable amount of in- 
ve.stigation i.s .still under way, and, naturally, the results of such studies haA*e 
not been published as .vet. In this work, e.xperls and officials of the Army, Na^w. 
Jlarine Coriw, Coast Guard, and 3Ierehant Jlarine work in close cooperation Avith 
the Committee on i\redic.al Nutiation of the National Be.^carch Council, the chair- 
man of AA-hich is Dr. James S. JIcLcstcr. TJiis Committee is able to supply or 
obtain quickly the best available opinion on scientific questions and to jikm te.sts 
for devcloiiing tlie an.sAvers to problems that nerd experimental investigation. 
Frequently these iiiA'cstigations arc made in university laboratories under con- 
tract Avith the Office of Scientific Research and Dcvcloinnent, The Nnry re- 
cently has developed a NaAml Jlcdical Re.scarch Center located at Bethesda, iJIary- 
land, Avhere nutritional and oilier questions related to the many special jiroblems 
confronting the N.-ny can be .studied. The scientific director of the NaA'al re- 
search laboratories i.s Dr. A. C. Jaw. 

The cmpliasis on foods for combat ti-oops is on Iceeping quality, compaetne.ss 
for ease in sliipping, palatability, for no food is of an.A- A-alue unless the men AA'ill 
eat it, and on nutritional A'alue, because if is recognized that if the foods do not 
proAude the nutritional requirements of the men, recourse aaIII liaA-e to be had 
to other mct.hod.s of meeting these requirements. Industry has cooperated aa-IioIc- 
hcartedh^ and importantlj'' AA-ith these ncAA’cr developments, and, in the produc- 
tion of dehydrated foods especially, and in the perfection of proper packaging 
for special conditions, great advances haA'e been made. Undoubtedly some of tlie 
ncAver developments Avill be useful to the civilian population after the AA-ar. 

Much attention has been dcAmted to the requirements of foods for use by 
shipwrecked personnel, by troops in desert or jungle area,s, or Avherever an emer- 
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gency ration is needed in situations requiring conservation of the available supply 
of water. It is well Imown that the ingest ion of protein foods and of inorganic 
salts subsequently involves the excretion of urea and salts in aqueous solution 
through the kidneys, thus depriving the body of some of its ‘water. It would 
seem desirable therefore to reduce the protein and mineral content of these 
emergency rations to a minimum, or to avoid these foods entirely in favor of 
carbohydrate and fat. The use of candy containing citric acid, a stimulant for 
salivary secretion, has been developed. It w'ould seem, however, that the formula- 
tion of suitable dietary schemes for use under such conditions is one which might 
well attract manj’- investigators who are not now engaged in war problems. Is 
a man floating in a rubber lifeboat on a tropical sea better off eating nothing 
rather than eating fish which he may be able to catch? What should be the 
nature of the emergency foods prorided? These are important nutritional ques- 
tions. 

There are many problems coneemed wdth the feeding of men who are ex- 
posed to unusual environmental conditions, as in service on submarines or in 
airplanes. Bierman"' has diseus-sed the problem.s of aviation medicine concerned 
with air sickness, obesity, and the expansion of gases that form in the intestinal 
tract at higher altitudes. The condition of air sickne.ss develops as a rule from 
acceleration during flight. It is considered to be a functional neurosis charac- 
terized by vomiting, nausea, apprehension, faintness, sweating, and sometimes 
prostration, and it may be precipitated or aggravated by the sight or odor of 
food, jilen appear to be specially prone to develop air sickness on an empty- 
stomach or after a heavy meal, and therefore Bierman has suggested that the 
meals should he light and ser^md at four-hour intervals. Obesity in the a-viator is 
undesirable, because fat affords an excellent storage for nitrogen and hence ap- 
pears to aggravate the development of “bends” at high altitudes. The expansion 
of intestinal gases at high altitudes may cause intense discomfort and cramps 
that may persist for as long as riventj-’-four hours after returning to sea level. 
The elimination of gas-containing foods and beverages and those foods Avhich 
are knowm to he particularly prone to develop flatus helps to avoid this difficulty, 
as does the feeding of frequent light meals. There is evidence that vitamin C 
is of considerable importance in enabling men to fly at high altitudes. The 
relationship of ritamin A to risual acuity, aspecially in dim light, is less elearlv 
defined, but it is universally admitted that the rations of all military personnel 
should be thoroughly adequate with respect to all the vitamins and other die^ars" 
essentials, and a high content of vitamin A is desirable. 

The value of the administration of additional vjtamin.s when the diet itself 
is adequate with respect to those faclons has been experimentally studied bv 
Kcys,= with negative results. On the other hand, there is accumulating evidence 
to show that the ability to perfom ivork is decreased on low thiamine diets and 
improved following the administration of thiamine under these condition.?. Thu.? 
on diets providing about 0.33 mg. of thiamine and 0..o mm of riboflavin dailv 
Fohx. Barborka, and showed clearly that the work output wa.s decreased 
and tile .suh.iecls complained of lack of vigor, anorexia, and leg pain IITjcn th 
dcficienl diet wa.s supplemented unth suitable quantities of least concentr-,J 
providing thiamme, ribofiarin, and other members of the B complex ther • ^ ’ 
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prompt increase in the worlc ontpuf an<l a ilisa))pc!iranf*e of tlio .symjitorns. At 
the Fatif^no Laboratory at Ifarvanl University, I'i^aha," •Johnson,'’ and their 
ciMvorkers liave also oliservasl a close ivlationsliip between an adcriualc anioimt 
of lliiainino and t lie ability to jicrforni innseiil/ir work. 

ProhUms (■oncrrninti Ihr Prnliuf) of f 'ici/hoi.'; ja the Vnitrd Sldtfs . — The 
problem of mcctin.e: the civilian requireim'iits for L'ood nnlrilion Ls mneh more 
involved than the problem of fecdinir the armed forces. An e.xeelienf di.senssioii 
of food snj)])lie.s and ]>nl)lie policy, food proiinetion and distribution is provided 
in the series of articles published under the title of ‘•Xiitrilion and Food Supply; 
The War and After" in the Annals of the American Academy of Political and 
Social Science foi* .January. lil-t.'i. Ammeies of "overnment have been eslablishod 
with the view of frnidin*^^ airrienltiiral |)rodm'tion of Piods ami the distribution 
of foods in the wi.sest possible manner. Tiie complexity of the jn-oblems involved 
may be illustrated by the situation whi<di ileveloped with corn in .June, 1943. 
Because of ])revailinu: eidlini:: prices, an editorial in the Soiithw(‘stern Miller’ 
states that farmers eouI<I a/ilicipjite obt:iini?m’ about .'sl.bO for the pork ])roduced 
from feodinc: about .<1.00 woi-lh of corn to hoys. As a eonseipieneo there de- 
veloped a .shortage of corn for human food purposes and for industrial needs 
and a tremendous increase in the ho<r pojuilation. The products of corn are 
needed not only for the manufacture of corn meid, eornstareh. certain break- 
fiist cereal foods, and other foods such as corn sirup ;ind de.xtrose. but also for 
the trrowth of sic-nifieant amounts of the yeast used in the makinfr of bread 
and for materials used in the manufacture of explosive,«. ;iluminnm. mafine.siuni, 
bronze, steel, and other war products. By the middle of .lune the War Food 
Administration had taken emerceney steps to helji relieve the situation and to 
enable esssential war production to continue. 

The rationin" of foods has been dev<*loj)ed to per/iiif a more equitable dis- 
tribution of foods in short .sujqdy. These include meat and btitter and other 
fats, the supplies of which are beinp: \ised in lar<:e ]>art for militar.v and lond- 
lease ]nir})oses, and sufrar and coffee which must be imi)ortcd. Canned foods 
luivc been rationed bet'aiise they also are beinp: used for military and lend-lease 
purpo.ses and because any marked inerea.se in ])rodnelion would involve the use 
of slrategie materials and manpower. The reason for rerpiirinji ration coupons 
for evajiorated milk is said to be in order to phus* this important food under 
control. .Serving: in an advisory eai)aeily to help a.ssure that rationine: regula- 
tions of the. Office of Price Administration will be in the interests of continued 
health of the peojile is the Civilian h’ood Beciuij’ements Branch of the Food Dis- 
tribution Administration, of M’hich Dr. Bussell id. Wilder is Chief. 

In the rationing of foods for civilian-s, consideration must Jjc given to non- 
food uses, the requirements of food industries, I'cstaur.ants, and institutions, and 
the requirements of consumers. The general policy has been to keep rationing 
regulations as simple as jmssiblc. There is a trend akso to give preference in the 
materials allocated to industiaal users to fho.se manufactured foods where foods 
in short suppb' help further the use of fho.se articles the supply of which is 
more abundant. In the allocation of relatively .scarce items to industrial food 
processors, some consideration has been given also to the uulritiounl importance 
of tlie finished products. 
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People ordinarily learn aliout the nutritional value of foods from various 
sources, among which is advertising. Guidance of food advertising along educa- 
tional lines long has been a concern of the Council on Foods and Nutrition of the 
American lledical Association. Realizing the importance of such work, the 
government has established a plan of cooperation with advertisers of food 
products Imown as the War Nutrition Progi-am under the supein-ision of Di-s. 
M. L. Wilson and W. H. Sebrell of the Nutrition Division of the OfBce of De- 
fense, Health and Welfare Services of the Federal Security Agency, the adminis- 
trator of which is the Honorable Paul V. jMcNutt. Early in 19-13 the Nutrition 
Dinsion was transferred to the U. S. Department of Agriculture and is now 
known as the Nutrition and Food Conservation Branch of the Food Distribution 
Adnunistration. There has been a commendable trend on the part of food manu- 
facturei-s and distributors to show in their advertising how the food article which 
they are selling fits into the scheme of an adequate diet for health. A new chart 
recently has been developed which describes seven basic food groups that should 
be included in the diet each day in the interests of good health. Thus advertisers 
of foods, in contributing to the National Nutrition Program, will be presenting 
the same basic information about the characteristics of an adquate diet. 

Feeding Industrial ^yor];ers . — Recognition of the importance of the problem 
of feeding industrial worker's is evidenced by the fact that at least three im- 
portant committees have been established for the consideration of questions that 
arise in this field. The Food and Nutrition Board of the National Research 
Coimeil has a subcommittee on the Nutrition of the Industrial Worker, and the 
Councils on Foods and Nutrition and on Industrial Health of the American 
lledieal Association have foi-med a cooperative committee on Nutrition in In- 
dustry. The Office of Defense, Health, and Welfare Serrlces maintains a 
division on Nutrition in Industry, which functioirs largely through the regional 
representatives and the State nutrition committees that have been established 
under the supervision of this agency. Close cooperation exists between tliis 
department and the Industrial Hygiene Division of the United States Public 
Health Sendee. A niunber of informative reports have been published and 
several research pro.ieets have been organized for the purpose of answerinn ques- 
tions in this field. As Goodhart*® has pointed out, a great burden of the work 
uuist be borne by local nutrition committees. The industrial nurse and the in- 
dustrial physician often can help immeasurably in sohing tlie immediate pi-ob- 
leins of an industry. 

Surveys by Wiebl” of tlie diets selected by aircraft workers in California 
have shown the choice of foods to be exceedingly poor and it is reported that 
the condition has become woi-se rather than bettei*. She found that if one as- 
sumed values equal to two-thirds of tlie recommended dietaiy allowances of the 
Pood and Nutrition Board to be a minimum value for adequacy, the diets selected 
h.y these workers were deficient as follows; about U5 per cent were low in 
vitamin A, 25 per cent in calcium, over 40 per cent in riboflavin and in aseorbie 
uoul. Hedical appraisal of the nutritional status of such workers has afforded 
a comparable picture of deficiency, certainly a condition that is not eonduciv 
to continued maximum output of war materials. The principal weapon 
overcoming such deficiency would a]ipear to bo education, but in the ca.se of t'l ' 
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industrial worker, it is j)o.ssiI)lo, and no doubt essential, to do more tlian tliat. It 
has been pointed out tliat in many ])lanls, particularly (lie smallei’ ones, there arc 
no facilities wiiatever for providinu: llie workeix with luneli or witli niid-sliift 
meals. Indeed the tendency is to keep tlic amount of time for eating to a 
minimum. The carrying of lunches or other imekages into .some of tlio larger 
war plants is prohil)ited l)eeause there are inadequate facilities for inspecting 
the contents of such packages. Tlie manner in wliicli .some firms liave met tlic.se 
problems and a di.seii.ssion of other current nutritional activities in iiidn.s'trial 
establishments has been provided by (.towgill.'- 

Con.sidorable intere.st has been arou.sed in eonncclion with the question of 
giving all industrial workers vitamin jirejiaration.s. In reviewing the evidence 
on this subject, a .loint Committee of the Council on h’oods and Nutrition and 
of the Council on Industrial Health of the American Medical A.ssoeiation e.x- 
prcs.sed the view that such indi.scriminate administration was economically un- 
wise, nutritionally unsound, and theraju-utically irrational.’-'’ This Committee 
believes that much of the vitamins .so administered would be wa.stcd, and it e.v 
presses the ojiinion that vitamins could not correct all po.ssible dietary defieicneics 
and holds to the conviction that the administration of vitamins is best handled 
under medical supervision, c.speeially by the practitioner who has had an oppor- 
tunity to examine the individual imtient and thus to a.scertain his reiiuircments. 
More recently the argument has been advanced that the giving of vitamins now 
is desirable because of food rationing and because the vitamins in thcm.selve.s will 
do no harm. Except for vitamin D, large do.so.s of which may jiroduee unto- 
ward cfi'ccts. it is correct that the vitamins will do no harm. On tlie other hand, 
it is still que.stionablc wlicther under the u.sual conditions eontemj)lated for the 
administration of vitamins on a ma.ss scale, they would accomplish as mueh 
good as would lie aecomidishcd by attention to the diet. Further, the siqiply of 
vitamin preparations is not inexhaustible, and inereased ]u-oduetion of thiamine, 
riboflavin, and ascorbic acid requires equipment, strategically imiiortant chem- 
icals, and manpower. 

Tim xuTiUTioxAL .STATU.S OK Tiiic mcopia-: 

A recent report” of tlie Committee on Diagnosis and Pathology of Nutri- 
tional Defieiencic.s, of the Food and Nutrition Board of tlie National Bcsearcti 
Council, entitled “The Prevalence of Inadequate Diets and Deficiency States in 
the United States Together With a Consideration of Their Significance” asserts 
that every survey in the past decade has revealed wide.spread dictaiw deficiencies 
in the United States. It has been argued, however, that surveys of food con- 
sumption do not necessarily give a true picture of tlie condition of health of the 
people, and medical records have been cited to show that the incidence of mal- 
nutrition is almost insignificant. A discussion of the discrepanc.v of these two 
views has been presented by Jolliffe, JIcLester, and Sherman,’' who have given 
reasons why national mortality tables and hospital admission rates tend to 
present an overly optimistic picture. Space docs not permit a discussion of the 
results of newer methods of medical appraisement of the nutritional status, par- 
ticularly because some of the methods arc not yet fimly established; but prob- 
ably every critic would agree that the diet on the whole is not as good as it ought 
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to be, and could be, and that the work of applj'ing nutritional pidnciples to prac- 
tical human problems must be continuously carried on. The problem now as 
before is to teach people the principles of proper eating. There is insufficient 
evidence to judge the effects of rationing on the general nutritional status of 
the people in the United States. Some persons believe that the present situation 
has served to focus attention on the need of selecting foods on a nutritional basis. 
We are assured also that even with rationing the American dietary is adequate 
in quality and quantity of nutrients. 

G-reaf Britain . — number of reports have indicated that the nutritional 
status of the people in Great Britain is, on the average, probably better than it 
was before the wai’.’^® If this is correct, it is likely that rationing schemes which 
guarantee the more equitable distribution of foods have been in large measure 
responsible. Since early in 1942 all infants, expectant mothers, and small chil- 
dren have been receiving daily some sources of vitamins C and D at least during 
the winter months. These groups also received extra rations of mUk. Arrange- 
ments have developed so that people unable to afford these foods are given 
them just the same. 

Although the overall picture is gratifying, it is true that some groups which 
before the war were better fed are in poorer nutritive condition today because 
of rationing. Body weight is said to be somewhat below the usual weight. The 
tuberculosis rate, however, has not changed markedly. There is some evidence 
that the incidence of anemia has increased, although the iron content of the 
diet probably is greater than it has been previously. The principal weakness 
in the British diet today, however, is in its vitamin C content. Although evi- 
dence of scurvy has not been observed, the people are li'vdng on diets verj- 
close to or below the minimum requirement of 30 mg., which is considered to be 
the amount necessary to prevent scurvy. The recommended daily allowance for 
the normal adult in the United States is considered to be 75 mg. Steps under- 
taken to correct this condition have been the encouragement of planting home 
gardens of green leafy vegetables and the utilization of unusual foods such as 
rose fruits which are relativel 3 ’‘ rich in ascorbic acid. In this connection, a recent 
report of Hunter and Tuba^" in Canada is of interest. Thej' found that edible 
products could be made from rose hips available in Canada, and it can be calcu- 
lated that the expected harvest from Alberta would be sufficient to supplj- 140 
million people (being equal to the population of the United States) with 100 
mg. of ascorbic acid daily for a j'ear. 

THE OUTLOOK 

With all of the attention that is being devoted to the subject, it is not overly 
optimistic to believe that the allied nations will come out of the wor with their 
nutritional status unimpaired and perhaps in many instances improved. Evi- 
dence of the fact that the nutritional point of view is taking hold is apparent to 
eyerj- close observer. Agricultural economists are beginning to speak oeea- 
smnaUy of the nutritional .weld of an acre of ground. Programs of agricultural 
production are lajing considerable emphasis on the desirabilitv of awricnlture 
bemg geared to meet the nutritional requirements of the people. LaLraforie^ 
have been established for the examination of soils and varieties of plant ’th 
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a view lo asecrlaiiiin^ llic kind of (realineiil of soils and tlie varieties of plants 
to select in order to rcaj) the niaxinnim nutritive valin; from the crops. Coin- 
inereial ju-oeessors of foods an; Iieeoniinfr iiiori; and more eoneerned with the 
nutritive value of their produefs. Studies are heiim luiilerlaken witli a view to 
aseertainiu”- tlie facts and Dien takinp: .steps to eon.serve to the lueliest possible 
dcjrree the nutritive value of thi« natiirarfoods from which the jiroeessed foods 
arc made. Nolahh' in lids eonneetion is the proiiram of the National (/'anners 
A.ssoeiation and the (.'an i\Ianufaeturers Institute on the nutritive value of 
canned foods.^^ 

fortification of foods has been ])laeed on a sound basis,’-' as a result of con- 
siderations 'liven by bodies such as (he (.'ouncil on foods and Nutrition of the 
American Idedieal Association and the I'Amd and Nutrition Hoard of the National 
He.search Council. Cf the common staple items there are only four classes of foods 
lo which •reneral ajtiiroval has bcmi idven as vehi(dc.s for the administration of 
vitamins or minerals or hoth. Tlte.sc? are enriidied while Hour and enriched white 
bread, which jirovide additional amounts (»f thiamine, niacin, and iron and, when 
sujiidies become available, of riboflavin, oleomar!»arine containiuu: added vitamin 
A, iodized table salt, and vitamin D milk. The most recent of these dcvelopinonfs 
ha.s- been the enrichment of Hour and bread, and data now are available lo .show 
the value of this procedure.-"’ 

In connection with liie fortification of foods, meniion sliould be made of the 
important work that (he h'ood and Drutr Administration of the J'Vderal Security 
Agenc.v, under the able leadershii* of iilr. Walter (J. (.'amjibell, has been dointt. 
Definitions and standards have been developed for many common foods a.s well 
as for the fortified foods alread.v mentioned, thus aiding “in lu’oteetinjj the 
public against oxiiloitation by ]>ro^rams dictated more by commercial motives 
than by ])ublic interest . 

Hecenlly hearin^fs ha\’e been concluded for tin; jinrjmse of receivinp- evi- 
dence necessary to amend the stahdards for enriched flour and bread in ac- 
cordaneo with recommendations of (he Food and Nutrition Hoard of the Na- 
tionhl Ecsearch Council. Students of nuti’ition will find a study of the records 
of thc.se heariii'is lo be of irrcat interest. The findiinrs of fact relative to the 
higher enrichment levels for (lour have been luiblished.’’"’ 

r., _ 

A POSSUU.K WOrtlAVWlDK NUTIUTIOX riior.HAM 

Profe.ssor John D. Black-- of the Depai'tment of Economic.s at Harvard 
Univcr.sily has written of the importance of nutrition in the postwar years in 
the following words; “All the knoAvledgc of foods and nutrition that we now 
have must in due ’time be turned to the ta.sk of re.storing order and building 
up a peace that will not be menaced by hunger and deficienc.v diseases.” This 
concept of nutrition as a potent factor in harmony among nations in a postwar 
world was specially elnphasized at the United Nations Conference on Pood and 
Agl'fculturc-rccently'concluded at Hot Springs, Virginia. Probably the average 
pofson-Avho'has T'eifd only the' newspaper accounts of this Conference is familiar 
AVith-’ottlyHw'o' f acts Adiat' were ividely publicized ; the fact that newspaper reprei, 
s'fiiithlliVe^^v^rc nof admitted to '.executive sessions, and tiie i-cport that eonsider- 
a;ld'c''’amoiuits ofc.whisk}' were shipped to Hot Springs whilc'’the conference was' 
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in progress. It does not seem to be gencrall.v Icnown that there were representa- 
tives of 44 governments pre.sent, 9 of wiiieh were occupied by enemy nations. 
Though none of these delegates had tlie power to make agreements for the govern- 
ments which they represented., it would seem likely that the agreements they did 
make as a result of the diseu.ssions at this meeting will be more binding than have 
been many of the treaties arranged by diplomats. The Conference probably was 
the first in history for .the discussion of postwar planning while a war was in 
progress. Attention was directed, not to the requirements of individual 
countries, but to the rights of the individual human being. There were three 
sections to the Conference, and Section 1, which was concerned with problems of 
nutrition and public health, adopted a number of resolutions on May 29, 1943. 
Can anyone read the following account'" of the finst re.solution adopted by this 
Section without realizing that nutrition is recognized as a factor of dominant 
importance for health ? 

The United Nations Conference on Food and Afjriculture 

having reviewed the information submitted by the several delegations on con- 
sumption deficiencies and the relation of food to health through the world and be- 
ing deeply impressed by the dominant role played by adequate food in the reduc- 
tion of sickness and death rates and the maintenance of bealtli, the Conference 

DECLARES : 

1. That the first essential of a decent standard of living is the X’tovision to all men 
of those primary necessities wliich are required to promote freedom from disease, 
and for the attainment of good health ; 

2. That the most fundamental of these neco.'-sities is adequate food which should be 
placed ndthin the reach of all men in all lands u-ithin the shortest possible time ; 

3. That ample evidence has been presented revealing the existence of malnutrition in 
everj- country, with its inevitable consequences of preventable ill health; and 

KECOiniEXD.S : 

That the governments and authorities here represented : 

(a) Immediately undertake the task of increasing the food resources and 
improving the diets of their people in accordance witli the principle.s and ob- 
jectives outlined in the findings of the Conference, and declare to their 
own peoples and to other governments and authorities here represented their 
intention of so doing; 

(h) Undertake periodically to report to one another through the permanent 
organization recommended in Resolution II on the state of their national 
nutrition and on the steps being taken for its improvement. 

It is of special interest to note the desire for immediate action in improving 
the diets of people and, in this connection, it should be stated tliat the delegates 
of the occupied countries were in favor of the re.solution hut desired that a foot- 
note he added to e.xplain that, obvionsl.v, countries in the hands of our enemies 
could not begin such a progi’am right away. 
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CLINICAL AND EXPERIMENTAL 


THE PRINCIPLES OF PERCUTANEOUS ABSORPTION* 


Stephen Rothman, jM.D., Chicago, III. 


A bsorptivity of the sMn has indespread implications in different 
branches of medicine such as physiologj^ pharmacology, toxicologj', topical 
and sj-stemic therapeutics, dermatology, industrial hygiene, balneology, and 
forensic medicine. Consideration of the fact that it may become important in 
war medicine also prompts a review of the subject at this time. 

Electric Forces Regulating Absorption .^ — On sending a direct current 
through the human body by means of metallic electrodes the initial intensity 
of the current drops considerably within fractions of a second, as if there were 
a sudden increase in ohmic resistance (“pseudoresistance of the skin”)- This 
phenomenon is due to polarization, i.e., to the generation in the body of a current 
which flows in a direction opposite to that of the original current. The polar- 
ization current is produced in the epidermis exclusively. It fails to appear if 
the continuity of the epidermis is disrupted. It can be obtained in its fuU 
strength in the isolated epidermis. 

If a direct current has to pass a membrane in a solution of electrolytes, a 
new electromotive force is produced, originating from the difference in diffusion- 
velocity of electrically positive cations and negative anions wandering through 
the membrane (electric diffusion potentials). Often the membrane is permeable 
only for either cations or anions, in which case a high potential difference may 
develop by the “electric double layer” on both sides of the membrane. This 
is the case with human epidermis which has a negative charge and is imper- 
meable for anions.- Consequently aqueous solutions of electrolytes do not pene- 
trate the epidermis. 

If the isolated epidermis is used as a diaphragm in a vessel filled with wa- 
ter and a direct current is sent through the water, there is a movement of the 
water from the anode to the cathode.^ This movement of water through mem- 
branes is called electroendosmosis. Its direction is towards the cathode if the 
membrane has a negative charge. By addition of salts or acids to the water the 
epidermis, or any other membrane with a negative charge, becomes discharged 
and the movement of water is slowed down or stopped entirely. By addition of 
alkalies which increase the negative charge the movement is accelerated ^ 

The membrane effect of the epidermis is due not to the stratified structure 
of the IMalpighian layer with its many layers, but to a single membrane being in 
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iinmodii'ilr ('ontact willi llic <*l(*ctrolyli* soluiion.- TIio horny layfjr ramiot ho 
regarded as a nicinhraiu* in tin* <>!vrl rophysiolo”-!,- srnso. hmiiisc i( rciircsents a 
ratlior ron;j:h ludwovk oi‘ horny lanirliar witii lar"** holes in it, and Ihoroforc is 
easily permeable for ions as well as for lar're nioleenles.’ The eleelriea! liehavior 
of the skin is not inllneneed hy extreme Ihinninsi or thiekeiiinir of the horny 
layer. Therefore the seal of the p<tIariz,'ition jihenotnena is to he jilaeed in the 
transitional layer.s betAveen eornified and noneornitied epitlndinm (.stratum 
frranuiosnm and striitnm lueiduni). 'I’ln'se lay<-rs are responsible for the 
polarization eurrmit (■‘iiseinloresisianee") and for the ini)>ernieal)ility of 
the skin to eleetrolytes.* Th(‘y ai-e isdled the harrier of skin absorption. Beint; 
situated between the strongly arid .stratum eorneiim and the .sliu:htly alkaline 
Maliiiirhian layer, they r<‘pre.senl an eleetrie double layer with jKisitive hydro.Lren 
ions on one side and negative hydroxyl ions on tin' other side.’ 

h'unetional elianyes alter tlie eleetrieal belia\‘ior. .Misdianieal, elieniieal, 
thermie, and eleetrie stimuli e.-iiise a diminution of the skin resistanee (“loeal 
fralvanie react ions 'I’his phenomenon is ilue to ehani'es in the eidl mem- 
brane eausinj; increased permeability ;ind <1eerea.sed polarization etiri'cnts. This 
condition can be domonstriited in any inllammatoi-y lesion of the skin if the 
h'sion is due to iirimary damafre of the epidermis. llyf)eremia due to vasomotor 
retlex does not ehanffe the resistance. 

iMisroucci>fioHs au 'J'raiisu indrnnal Ahsorplioit.' — The surface of the .skin i.s 
covered by a frreasy layer eonsi.stinjr mainly of waxes and ehoh'sterol estoi'sv' 
The role of Ibis eoveriii'r as a factor in the impermeability of the skin for water 
and electrolytes has been overe.slimated. It is liaie that it hinders the wetting 
of (he eorni/iod surface, and .so ilelays (he j)ene{ra(ion of wa(er and miucous 
solutions into tlie horny layer. Waxes and cholesterol esters are mi.seihle with 
water, however, and (hei-efore after j)rolonge<l contact with wjiter. particularly 
with warm water, tlie permeation of aqueous .solutions into the horny layer be- 
comes jjossible. The keratin matei-ial .swells in water as it is gimsly seen on 
palms and soles whei'c the thick horny layers show abnormal wrinkling and a 
whiti.S'h di.seoloration after a jirolonged bath. 

Similarly (o the role of the greasy cover the role of the horny layer has 
been misinlerjireted as a barrier for ])ereulaneous absorjition. Its large pores 
arc permeable not only for water and aqueous solutions but for molecules of 
any size and even for gross molecule aggregates. 

A third misconceiition is the idea (hat increased blood flow may facilitate 
the percutaneous ab.sorption of substances which normally do not jienetratc. 
This belief has arisen fi’om the ob.servation of qualitatively increased permc- 
abilily in inf!ammal07y lesions. Such imwea.so i.s due to epidei’mal in.iury, how- 
ever, and not to increased blood flow. If once the barrier of lransc])idermal ab- 
sorption in the epidermis is broken through by any in.iury and a substance has 
entered the living epidermis, its absori)tion into (ho blood stream is no longer 
prevented. Increased blood flow may accelerate the rate of absorption but 
docs not change the permeability of the skin qualitatively. 

Ahsorption Thronyh Appendages} — The mccbani.sm of percutaneous ab- 
sorption as a whole becomes rather complicated by tlie iircscnco in the skin of 
(dand ducts and hair follicles wbieh open on the surface in the form of visible 
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pores. The hair shaft doe.s not aclliere to the follicular Avail. The space betAA-een 
is loosely filled Avith greasy, lioniy scales and contains air. This space is con- 
tinnoiis AA-ith the duct of the sebaceous gland Avhieh empties the sebum into it. 
Any substance may penetrate this space and reach the duct of the sebaceous 
glands, and from there the gland cells. This patluA-ay does not recjuire passage 
through a stratified epithelium but leads through a canal filled Avith air to cell 
membranes, the pennea])ility of Avhich is higher tlian that of the transitory 
epidermal cells. Similai-ly, through the SAA-eat gland ducts any substance may 
reach the secretory suiTace of the SAveat glaiid cells after havung passed the 
straight and the eonvohrted part of the duct. Wlien a substance has reached 
the secretory cells, it easily enters the blood stream, eA-en though it is true that a 
“basal membrane” has to be passed before the endothelium of the capillaries 
is reached. 

Water and aqueous solutions do not enter the follicular and glandular pores 
by mere capillary attraction Ijeeause of insufficient Avetting and because the 
ducts are filled Avith air. Under pressure, hoA\-ever, the adlierent air may sepa- 
rate and escape in form of bubbles as can be seen during a Avarm bath. In the 
case of inunction of ointments, compression of the air in the duct and absorption 
of the air through gland cells may take place. 

Experimental Condition's and Methods. — As has often been emphasized, 
in experiments on percutaneous absorption the intake of substances through the 
respiratory tract and through the mucous membranes of mouth, rectum, and 
A’agina has to be carefully avoided. Working Avith volatile substances, i.e., sub- 
stances Avith relatively high A'apor pressure, one must be particularly cautious 
to avoid errors in attributing absorption through the hmgs to percutaneous 
absorption. 

To prove that percutaneous absorption of substances foreign to the body has 
taken place, analj-tic-ehemical methods should be preferred to any other method 
in demonstrating the presence of these substances in tissues, in the blood, or 
in the excretions. If, in lack of chemical methods, pharmacologic or toxicologic 
assays haA-e to be used, such assays must be lAnequiA'oeally specific for the siib- 
stance in question. Histoelicmical methods, often used to prove the permeation 
of a substance into the skin proper, are sometimes of dubious reliabilitv, and one 
•should be particularly critical in CA-aluating the results obtained uith such 
methods. 


For experiments on the absorption of substances normally present in the 
body, the procedure of Hediger® is the method of choice. With some modifica- 
tions it has been Avidely used by Burgi- and his co-Avorkei-s. Avith consequent 
valuable contributions to tlic subject matter. In this method the solutions to bo 
examined are applied to the skin under gla.ss bells Avith airtight occlusion and 
changes in the concentration of the dis.solvcd .substances are esHmated at cevHm 
time intei-A-als in aliquot parts by quantitative chemical analvsis of'the fluid 
aboA'c the skin. Ueerea.se of concentration indieale<j i 

Aln^nrpiion »f UuPr.—The bibliographv of cxnorimr.nto 
through the skin of hnnmn beings is old and obsoh.io m .1 ‘ *’’’ "'•'iffii' intake 

■ ■ - ■ 1 iofliy.sniographic meas- 
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urcnients on a limb enclosed air li"lit in a water bath for several lioui's do not 
show any decrease in the volume of water.’ It is conceivable tlint ncfrlisildy 
small amounts of water, witliin the error marpiin of the plethysmofirapliic 
method, may enter the ]iores after havintr expelled the air, I’raetical exj)erionce, 
however, especially exiierionco Avith the iJermaiient “Avater I)ed” of the dcr- 
matologist.s, supports the assumption that the amount of Avater int.ahe under 
normal pi-essure is extremely small, if any. Intake of Avat(;r througli t!ie epi- 
dermis certainly docs not take place. Whereas the hoimy laym- swells throiipli- 
out its Avholc thickness Avhen a limb is kept in Avater, the living ei)idermis cells 
remain microscopically unchanged. It has been assumed that the pH of the 
cell proteins in the transitory layers betweoti the cornifiod and noncornified 
epithelium is identical Avith the isoelectric f)oint of tlicso proteins Avbieli tlierc- 
forc arc unable to sAvell in Avatcr.’ 

Ahsorjyfion of Eleclrohjtcif .' — It can be staled as a general rule that electro- 
lytes dissolA'cd in Avalcr do not penetrate Die skin of mammals. This imper- 
meability is fairly avcH undci'sfood from the physicochemical i)oint of view as 
discussed previously. The theory of pores in tlie cell memhnine ha.scd on model 
c.xperiments^ furnishes a most .satisfactory explanation for the iinpermcjihility 
of the skin for anions. l\rcml)rancs Avilh extremely tine pores adsorb selectively, 
depending on the electric charge, either cations or anions, and therefore Ihc.so 
"ion sieves” arc impcnncahlo for clcotrolytes. Tiny eatials in tlic cell may 
correspond AA-ith such ])orcs. 

The easiest. Avay to demonstrate the impermeability of the skin to aqueous 
solutions of electrolytes is to apply to the .skin .sails, Avhieh normally arc not 
pi'csont in the body, and to determine AA-helhcr these comimnnds, if ni)pliod to 
the skin, arc excreted Avith the urine. Salts Avith nonjihysiologic cations, .such as 
salts of lithium, cesium, rubidium, and strontium, Avere tested in this Avay. They 
AA-erc applied to the skin in aqueous solutions in the form of baths, sprays, etc., 
but none of tliem could he rccoA'crcd in the urine.’’ “ The impermeahilily of 
the skin for salts containing the pliA'siologically occurring cations sodium and 
calciAim lias recently been proA’cd by means of ITedigcr’s method.’'’ 

Of the anions the iodide anion AA-as tested most frequently. With iodides 
the experimental results AA-ere not uncquiA’ocally negative. In a fcAV experi- 
ments traces of iodine Avere rccoA’crcd in the urine after iodides had been ap- 
plied to the skin in aqueous solutions. The iodide ion lias a relatiA'cly good 
chance to enter the skin, because, in comparison Avith the cliloride ion, it is an 
anion AA’hich increases the negative electric charge of the skin and its capacity 
of SAA’elling in Avater.’ Also, there is some CA'idence that small amounts of iodides 
may he oxidized to free iodine in the skin and be absorbed in tliis form.” 

It has been shoAvn histologically that if there is any absorption of iodides 
the route is through the appendages. Whether or not this route is passed, Iioaa-- 
ever may depend on different conditions in the secretion of sebum, different 
decree of filling of the ducts, number and size of follicles, ducts, and glands, 
ail” content, etc. The mucous layer is absolutely impermeable for iodides. The 
same is true for salts in general. In principle tlieir absorption tlirough ap- 
pendages cannot he said to be impossible. Practically, lioAvever, such an ab- 
sorption does not amount to more than questionable traces. 
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Salts of bi- and trivalcnt cations, especially heavy metal ions wth a low 
electromotivc force, are partly lipoid-soluble and therefore a sox xa x e y 
skin. They xvill be dealt vitb among the other lipoid-soluble substances. 

Percutaneous Absorption of Water and Salts in Different Species.^— In 
lower species intake of food and output of metabolic end products are partiallj 
functions of the skin but with the phylogenetic development of the animal woidd 
the physiologic importance of absorption through the slrin has gra ua j e 
creased. There is only one basic difference between percutaneous absorption in 
lower and higher species, however, and this concerns the absorption o water. 
The skin of invertebrates, fishes, and amphibians does absorb water but that 
of mammals does not. As for electrolytes, the tegiiment of even the lowest 
animal is impenneable if the tegument is at physiologic rest. During the period 
of nutrition through the skin and during the excretion of metabolic end products 
there is a temporary increase of peimeability. 

Absorption of Lipoid-soluble Substances. — The lipoid theory of absorp- 
tion (Overton^) has postulated that the cell membrane consists of lipoids be- 
cause only lipoid-soluble substances may penetrate the cell. Also, according to 
this theory the penetration of a substance quantitatively depends on the degree 
of its solubility in lipoids. This theoiy was critically reviewed in an excellent 
article by ]M. H. Jacobs." Also, he amplified the theory by relating the solu- 
bility in lipoids to the nonpolar structure of organic molecules. 

As far as absorption in general is eoneemed, many exceptiorrs to Overton’s 
rule were found." Practically no exception could be established for absorption 
through the skin, however. Qualitatively it has been proved that lipoid-soluble 
substances penetrate the skin, whereas substances insoluble in lipoids do not. 
Quantitatively, hoxvever, this rule cannot be eai-ried through consistently. Some 
substances slightly soluble in lipoids penetrate with greater ease than others 
xvith higher lipoid solubility. Some authors suggest that a certain degree of 
solubility in water together with high solubility in lipoids is optimum for ab- 
sorption through the skin." In other woi’ds, a cei-tain ratio of the solubility 
in water and in lipoids may be the decisive factor; e.g., alcohols, aldehydes 
(chloral hydrate, paraldehyde), and ketones (acetone), soluble in both lipoids 
and water, penetrate with great ease. 

The idea that the permeability to lipoid-soluble substances is due to a sterol- 
phosphatide framework in the cell or in the cell membrane was reviewed and 
experimentally supported in 1936 by Stai'kenstein and his co-workers.’^ These 
authors confiimcd and supplemented earlier incomplete observations’ which in- 
dicated that any disturbance of the lipoid framework either by precipitation or 
by dissolution of cholesterol breaks up the barrier of .skin absorption. Pre\ious 
treatment of the skin with chloroform or ether, which dissolve cholesterol, or 
with saponins, which precipitate it. makes the skin permeable for water-soluble 
substances and diminishes the permeation for lipoid-soluble compounds. On 
the other hand, introduction of cholesterol into the skin, for instance xvith oint- 
ments, diminishes the permcalxility for water-soluble substances because the 
cholesterol wall has been strengthened." In fact, from a table of my earlier 
work’ in which the data on the absorption of pota.ssium iodide from difierent 
ointment bases are listed, it is olnious that the absorption is poorer from hasr-c: 
containing cholesterol than from ba.ccs without it. 
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Tlio huiiiIkt (>r li{Kji<l-.S()!iiljlt‘ .sulislaiicos \vlii;'li liavo Ijccii provod (o pciie- 
trato throii.tih tlio iiita(‘t skin iiih* fha frciici’al cii-ciiiatioii is Ido larKO t<i lie cx- 
iiaiistivi'ly listed in this article. Only a I'l-w of the niedieally important groups 
of lifKiid-solnhle snhstanees will he disenssed, namely pheiiolie eomjionnds, lipnid- 
solnhh; heavy nn'tal salts, hoi’inones. vitamins, alkaloids and fatly ointment 
bases. 

The perentaneons absorption of j)henol was well known to jih.vsieiaiis of the 
oldei" generation. They witnessed .seven* atid s<imetimes fatal poisoning follow- 
ing the ap[ilieation of earbolie acid to large areas of I lie skin. Sneh unfortunate 
events diil not oeenr freipiently, imw(‘ver. and the jx/pnlarity of this kind of 
li'eatment was not deereasetl foi* some lime. Many flonbted its l.'oincr danireroiis 
at all. 'What is nioir. in a very reeenf diseiission on the p(-rmeafion of phenol 
the question again arose as to whether its e.xternal appli<*alion may eaiise any 
systemic' effect, ^I'iie reason for this tineerlaitily in a jcroiclem settled a Ions 
time ago may he found in flu* fact that phemd in hinli eonec'iilralion eoagidatcs 
the i)roleins of the skin, and eomhines with tln'in to form large molecodes. the 
lipoid sobihility and pern.*! ration e:ipaeify of wliieli ai'e c-ompletely difiVivnf from 
those of free idienol. ft siioidd he slated Jiere as a irc'iieral rnh* that dim sub- 
stance when applird in a hiph conct nlratiou tiavinij a caustic (jjccl ix absorbed 
ill rcteilirclif smalter amauuls limn ichtn llu sinni stibslanre is ajiplieel in lower 
canccnlralions which da not clicil a efcoxs r(si>einsc. 'i'his has b(>en jirovcd not 
oidy for phenol'' hut also for a nnmhi'r of heavy metal .s.-dts’'- and for h.v- 
drogen snllide.''* In addition, it has been shown tiiat pri'vions trmitmcnl of the 
skin with eansties'^ or with astringents'"’ decreases the permeahilit.v to other 
absoi'hablc substances. 

Salieylie aeid (o-iiydroxybenzoie acid), the most frequently tested snb- 
.stanec in expoiaments on jierentaneous absorption, penetrates with e.vtreme ease 
through the skin from aqueous and aleoholie .solutions as well as from ointments. 
Lipoid solubility is a ])roperly of the uoudissoeiaf ed moleeule and not that of 
the salicylate ion. Sodium salicylate whieh is ionized in aqueous solutions is 
not lii)oid-.solu1)le, and docs not i)enotrale the skiji unless there is enough carbon 
dioxide in the li.ssue to liheralc .salieylie aeid from the sail.'' =' The oslci-s of 
salicylic acid, used externally as ant irheumatie ]ircj)aralions, are lipoid soluble 
and penetrate easily.’’ 

Other ]ipoid-.solublc phenol derivatives siK'h as resorcin, hydroquinonc, 
pyrogallol also enter the .skin from any vehicle.'" 

Of the lipoid-soluble .salts of heavy metals, mereurie bicldoridc M’as often 
found to be absorbed from its acpicons solutions liirough the unbroken skin. 
Siniilarl.v to phenol, lioM'ever, its penetration is interfered with b.v its coagulating 
effect on pi-oteins when applied in concent rations above 0.5 per cent.'® Fi-om 
tlic literature of past decades one may obtain the i7npression tliat .systemic mcr- 
curv poisoning from exteraal a])plieation of the Ijiehloi-ide occurred frequently 
when it was used in medicated baths. One has to consider that this metliod of 
therapy was usually applied in disordei-s involving broken skin, however, and 
that with the disrupted barrier massive absorption miglP liave oeeuiTcd. 

"^Vintergreen oil .used as a solvent increases the absorption of other lipoid-sohiblc sub- 
stances considerably.*' 
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The penetration of the slcin by lipoid-solnblc salts of lead such as lead 
acetate and lead oleate has been shown to occur from aqueous solutions.’’ The 
amounts absorbed arc small (0.1 to 0.2 milligram daily from a 10 centimeter- 
square area), and it has been doubted whether they have any importance in 
industrial hygiene in the matter of causing clinically manifest poisoning. These 
traces of lead, however, as an addition to the amount absorbed by the i’e.spiratory 
and digc.stive tracts, may do their .share in the development of lead poisoning. 

As does lead, copper enteis through the skin into the general circulation 
when applied in the form of its lipoid-.soluble fatty acid salts, for instance 
copper-o.xyoleic aeid.-^ 

Salts of lead, tin, copper, ai-senie, bismuth, antimony, and mercury tend to 
form compounds with the fatty acid radicals of the sebum and other fats of the 
•skin surface. Thus an originally lipoid-insoluble compound in aqueous solu- 
tion may be transformed on or in the homy layer into a lipoid-soluble sub.stance. 
The percutaneous absorption, then, is due to, and quantitatively dependent on, 
this chemical transformation. The same reaction may take place outside of the 
body to a larger extent if the hea^■y metal salt is incorporated into ointment 
bases which contain fatty acids. This Is one reason for the increased absoiq?- 
tion of heavy metal salts from ointments as compared with their absorption 
from aqueous solutions. 

Because of the great therapeutic importance in demiatologA* of ammoniated 
mercury (mercuric aminochloride) its percutaneous absolution has been the 
object of numerous investigations. Ammoniated mereiny is irtsoluble in watei’, 
hi lipoids, and in lipoid solvents. Its bactericidal effect is based on its adsorp- 
tion to the cell walls and on an extremely slow dissociation of mercnric ions un- 
der the influence of the acid reaction of the horny layer and sweat.®^ Its ab- 
sorption into the general circulation is practically nil.’--^--’ In careful .studies 
Bibbs and his eoAvorkers-* have shoum that any appreciable percutaneous ab- 
•sorption of mercury from ammoniated mercury ointments is due to gastro- 
intestinal absorption following contamination of the oral cavity. In adults 
where contamination of the mouth is much less likely to occur than in children, 
systemic mercim' poi.soning is practically never .seen after the use of ammoniated 
mercury ointments, even if the ointment is applied daily for months or A'ears 
aver the whole skin surface. A few isolated cases of such poisonins which ha^’e 
been descrihed^" apparently were based on extreme liypcrsensitimty to mercuiw 
with traces causing poisoning. 


Percutaneous absorption of vitamins and hormones strictly follow.s the law 
tfiat any lipoid-soluble sulistancos are absorbed through the unbroken .skin in 
measurable amounts. Mo.st extensive studios on ab.soz-ption of lipoid-soluble 
homones have been carried out with .sex liormoucs. Tlie.se studies were reviewed 
by Eiler and ^Yolff in 1940.’'’ It seems to make scarcely any difference quanti- 
tatively whether tliese hormones are given in injections or in form of oinlment.s' 
because the total amount is ahsoi-hed in cither ca.se. Tlie speed of absorption is 
different, iiowever. the percutaneous absorption usuallv boin- slower The 
hpoid-solublc vitamins A ami D and the provitamin carotene beliave i„ t!,e same 
vmy us do l.poul-soluhle hormones.-- Tl.c fact that irradiation of the skin with 
ultraviolet rays ,s a .suhstitme for the intake of vitamin D in il,r it' . 

rickets is .snffwicnt proni of the pcrcutane„ns ahsorj.iion of vita,, D 
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In connocfioii witli tlic findini's on the fjisl j)ernR>iition of lijioid-.soluble 
vitamins and Iiorniones Die old ])rol>lem once more on)Oi-{»ed as to wlicllier per- 
cutaneous ai)]ilicalion of druns has any advaiita'ro over the peroral aiid/or 
parent eval ways. Buch an advantai'e is j»resent only if one wants to create a 
slowly hut steadily incroasinp level of the dru^ in the blood and li.ssiies up to 
ft certain ma.ximum which may then he kept constant by daily inunclion.s. In 
the past the ela.ssieal mercury inmielion in the treatment of .syphilis was ad- 
vocated mainly on this basi.s, alfhouph similar ab.sorplion rales and eoneentra- 
tions have been achieved with intramu.seular injections of in.soluble .salts (''depot 
effect”). Obviou.sly such an advantage is not .sought in the case of administra- 
tion of hormones and vitamins. The aim of such thcraj)y is saturation of the 
deficient organism. The .saturation may be achieved through the administration 
of the lacking factor in any mode of apjtlication, and the .sj)ecd of aI).sorj)tion is 
of no great importance. If anything, rather rapid ab.sorption is desirable in 
vitamin and hormonal deficiencies. 

Another reason for pci-eutanoous drug np)>licalion, however, is to create a 
higher concentration of the drug in a certain region of the body. It has been 
claimed that such an effect occura, c.g., when salicyl-ester })rcparations are 
inibbed into the skin locally above the painful mu.scles in myalgia. There is 
little doubt that introduction of a drug into the skin may temporarily cause a 
relatively high coneenti'ation of the drug in the ti.s.sues clo.se to the .site of ap- 
plication, although in reference to muscles this never has been conclusively 
demomst rated. When in the treatment of deep-.seated organs local percutaneous 
therapy appears to be superior to systemic administi'ation, this siijicriority re- 
sults from local vasomotor rofle.x procc.sscs rather than from Jiigher drug con- 
centrations. 

In the .skin itself a locally higher coneentration at the site of a])plication 
has been unequivocally proved by the unilateral swelling^^ and unilatoi'al hyjjcr- 
pjgmcnlation^-’’ of the nipples in response to unilateral application of estrogenic 
hormone. It goes without saying that the princijdc of toju’eal dermatotherai).v 
as a whole rests on the creation of a locally liigh coneentration of drugs in tlie 
skin without appreciable .systemic effect. 

In a few undu])licated experiments the lipoid-insoluble and water-soluble 
vitamins, ascorbic acid,-''^ and thiamin chloride (“betaxin Averc found to 
penetrate the sldn. Thc.se unexpected rc.sulfs should not be di.scu.sscd here as no 
confirmation could be found in liic literature. 

From the extensive Avork on percutaneous absorption of insulin^'’'"’ one can 
conclude that under carefully controlled e.xperimental conditions ncgatiA-c re- 
sults are prevalent. Positive results are due either to skin injuries from shaA-- 
ing in animal experiments^® or to a preparatory treatment of the .skin Avith 
chemicals (alkalie.s,"’ benzine petroleum, •'* sapouins,'’- " irritant plant ex- 
tracts'*'’) AA'hich pathologically increase the permeability of the sldn. 

The free alkaloid bases arc lipoid-soluble and penetrate the sldn. Their 
water-soluble salts do not penetrate. For instance, nicotine, strychnine, and 
opium alkaloids'" are absorbed AAuth great ease but not their sulfate or hydro- 
chloric salts. The impermeability for the salts of alkaloids, like that of inor- 
f^anic salts, is not absolute, but only traces go through, and these onl 3 " after ap- 
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plication for many hours. The alkaloid base in the same amount and concentra- 
tion may kill the animal in a few minutes. Of anesthetics nupercaine and panto- 
cam were claimed to have the highe-st capacity of penetration.^^’ 

It has been Imown since 1879 that animal and vegetable fats and oils pene- 
trate the skin via the pilosebaceous appai’atus.^ Thej' enter the circulating blood 
after ha%nng been absorbed by the sebaceous gland cells. These cells excrete 
microscopically visible fat droplets as their function. In viewing their structure 
one is not too surprised to see the reverse process also take place, namely, the 
intake of roughly dispersed fat by their protoplasm. 

It has also been Imomi for a long time that mineral fats and oils enter the 
sebaceous glands and are absorbed systemically, although their absorption is 
not nearly so massive as that of animal and vegetable oils and fats. All these 
facts .have been confirmed many times, most recently by Eller and "Wolff® in de- 
tailed and careful experiments. 

Penetration of animal, vegetable, and mineral fats through the epidermis 
proper never has been conclusively demonstrated. Fats are not “lipoid-soluble” 
in the naiTower sense of the term, because they form not true but colloidal- 
disperse solutions rvith fat solvents.^ Absoiption from such solutions seems to 
be impossible for any living cell except sebaceous gland cells. Lanolin and 
paraffin are not absorbed by the epithelial cells of the intestines either,^ and 
triglyceride fats are absorbed along this route only after they have been split 
into fatty acids and glycerin. 

Absorption of lYater-Solnhle, Lipoid-Insohihle Nonelectrolytes. — Theoreti- 
cally such absoi-ption is not to be expected through a membrane which is im- 
permeable to watei’. Experimentally it has been sho\vn that sucrose*® and galac- 
tose*' do not penetrate from ointments, and it is highly probable that glucose 
does not eithei-. It is regrettable that the available data on this problem are 
deficient and unsatisfactory. 

Immunologic and allergic experiments seem to indicate that lipoid-insoluble 
antigenic substances which usually are large molecule.s or molecule a"(n:c’^ates 
may enter the skin from ointments.*® This unexpected result, however” has 
iieen achieved only after rubliing the antigen-ointment vigorou.sly into the' skin 
for fifteen minutes. It has been stated that such treatment irritates the skin 
A skin area treated in this way cannot be regarded as normal. It must also be 
considered that in the sensitized organism traces of the antigen are sufficient to 
elicit the immunologic reactions which have been used as indicatoi-s for the ab- 
sorption of the antigens. That their absorption is not great in amount is in- 
dicated by recommendations to increase it either by premous treatment of the 
skin with benzene and petroleum benzine,*® or by electrophoretic introduc 
tion,-'". or i)y the use of tlie newly de.scribed penetrasols of Hemnanr. 
herger, and Baer.®® ’ 


Ah.<:orj)(io)i of Gn.scs.— Substances which arc in the uaseous fon 
temperature easily penetrate the .skin with the remarkabfe exeenHnn"lr T"’ 
monoxide which is insoluble in lipoids.* Ea.se of nereuf-inr. ^ of carbon 
been demonstrated for the following gases; o.xvrreji n =2 Oteoiption has 

carbon dioxide,*-’'' ammonia vapor, hvdro^en sulfide* behum,®* 

• uiijue, • hydrogen cyanide. 
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vaixirs of nit roljiMiziMic, dinil roliiTi/.oni’, diiiil rololiiciii-,' ;umI vapors o) vohililo 
aroinalic oils.'" 

Will'll liyili'(>"(‘ii siilfiili' is ap|ilii‘il to Ilir skin in irrilalini^ roiici'iilralions, 
its alisorplion is rclativoly smaller tliiin in low eoneeni rat ions.'" JCxperiiiU'nl.s 
with aipu'ous .solutions of liyilrom'ii sulfide at various jiJI's'* have revealed that 
the nondi.s.s()eiated JI^S nioleeule ])ene(rales better Ilian do the US' or XaS' 
ions. Ainmoniuiu suKifie, however, seems to jieiietrate belter than hydrogen 
.sulfide.''’’ If elemi'iilal sulfur is applied to the skin in ointment vehielo.s. its 
abso]-])tion oeeiirs in the form of sulfides.’*'- (.‘ases of poisoning alter trealiiiont 
with sulfur ointments have been reported as due to this meehanism.'^’ The ninn- 
ifestations are those of hydrogen sulfide poisoninir. 

The absoi’iilion rate of oxygen and earbon dioxide at eonstanl temperature 
and ])re.s.sure dejiends exelusively on the difu-reiiee in the eoneentration of these 
gases Avithin and outside of the .skin.'- This absorption thus repre.seiits a 
simjilc i)hysieal difl’iision process. This is jirobably true also for gases loreign 
to the body. The finer meehaiiism of this diffusion ju-oeess has not been studied 
in detail. Its imiiortanee for toxicology and industrial iiygieiii' is evident. 

The lioJi (if I’l /n’r/e .s-.- -Substances .soluble in both water and lijioids such 
as salicylic acid or mereurie bichloride jienetrate with great ease from aijueous 
solutions as well as from ointments or from fat .solvents. Although usually 
the ab.sorption from fats and fat, .solvents is more rapid and more complete than 
from water, this is not a general rule. It has been found, for instance, that 
c.strogenie and androgenic hormones are better ab.sorbed from aqueous vehicles 
than from oil.""- Such findings indicate that the permeation of a suhstanec 
depends ])rimarily upon its own (total or partial) li])oid solubility. The kind 
of vehicle into which it is incori>orafed anil the solubility of the substance in 
the vehicle are of .secondary importance. 

The use of fat solvents, such as ether, chloroform, benzene, pet rol-henzine, 
and, to a ]e.s.ser degree, alcohol, usually enhances the ju'i cutaneous absorjition 
considerably. This action is due not to the high solubility of lii)oid-solublc .sub- 
stanc&s in these solvents, however, but to the fact that these .solvents in them- 
.seh'cs increase the permeability of the skin. If the .skin is treated with them 
in advance, i.c., previous to the absorption exi)erimenl, an inerea.sed al).sori)tion 
is subsequently observed from aqueous .solutions as well as fi-om any other 
vehicle. The cla.s.sical experiments of 'Winternitz' with aqueous .solutions oi 
sti-j’chnine salts have proved this fact, and moi-e recent observations have con- 
firmed his results.''' 

Or'uinic solvents may accelerate ab.sorjition liy di.ssolving the greasy cover 
of the skin surface and of the follicular wall, thereby facilitating the wetting of 
these .surfaces by aqueous solutions. This action is a minor factor, however. 
The main action of these solvents lies in their di.ssolving of lipoid compounds in 
the living cells themselve.s, thus disrupting the barrier of absorption. 

Ointments arc fats or sinular substances of a greasy con- 
sistency They arc ap])lied to the skin with or Avifhout incorporated di’Ugs, 
■ 1 r for thci'apeutic purposes. Ointments can be spread over the skin in 
continuous thin layer. This cannot be done Avith aqueous or alcoholic solu- 
tio^n^ because their sui-faec tension Avorking against a low viscosity cau.ses 
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diminution ot the surface, and formation of drops witli disruption of the lajcr 
results.^ 


In order to brins the thinly spread ointment layer close to the uneven sur- 
face of the skin, a pressure must be exerted. By the pressure the gas hubbies 
adherent to the pores escape sideways; deeper in the follicles and gland ducts, 
they become com])ressed and absorbed. Applying the same pressure, one will 
obtain a closer contact with the surface if the viscosity is low, i.e., if the oint- 
ment is flexible and supple. Ointments which have a high Auseosity and cannot 
be spread in thin layei’S are called tenacious or tough. 

Numerous data haA’e been presented indicating that incorporation of a sub- 
stance into an ointment increases its rate of absorption in comparison with the 
absorption from other A'ehicles. Such an effect is mainly due to the mechanical 
factors as described. One presses the ointment into the follicle, and thereby 
brings the substances more rapidly and in larger amounts to the absorbing sur- 
face of the sebaceous gland cells than is possible Avith other vehicles. The oint- 
ment bases are absorbed through the appendages exclusiA'ely, and therefore 
they can increase the absorption of incorporated substances only Aua this route. 
The importance of the mechanical factor is indicated by the fact that absorption 
is furthered more readily by supple ointments than by tenacious ones. 

Although ointments are helpful in hiinging the incoi-porated substance 
closer to the surface of absorbing cells, there is no evidence that either ointments 
or any other hind of vehicle” may serve as a transpoiiation vehicUinto the cell 
dself?* If Ave choose a substance to which the skin is completely impermeable, 
e.g., sodium salicylate, Ave are unable to enforce absorption even Avith the most 
supple ointment and despite extreme pressure.^ Data are aA'ailable indicating 
that A-ehicle and incoi-porated substance are absorbed separately and at dif- 
ferent rates of speed. It AA-as found, for instance, that from the metallic mereury 
ointment (blue ointment) at fivst more of the ointment base and later more of 
the mercury Avas absorbed."-' In addition, some experimental results indicate 
that the incorporated substance has to separate from the ointment base before 
it entei-s the cell; the greater the tendency to separation, the more inten.sive 
is the absorption.®'’ 

The problem of determining tiic composition of an ointment AAiiich Avould 
attain the maximum absorption of incorj)oratcd sub.stances has receiA'ed much 
attention. With the exception of the requirement of .supideness no general inlc 
could be established. It has been shoAvn that for A-arious substances different 
ointment bases are optimal.-'® In general. howcA-cr. the addition of cholesterol 
as an emulsifier does not faA’or absorption,'® 

Considering the importance of Ioav surface tension and of thorouuh AA-ettiii" 
of the follicular Avail it Avas to be expected that application of the tnodern avcN 
ting agents (sAuilhctie detergents) Avould enhance percutaneous absorption eon- 
sidcrably. This Avas demonstrated recently by AV. Dncmling.'''' 

rhemical reactions betAveen substances and ointment vehicles inav incrc'isc 
absorp tion, if by such reactions liiH.id-insoIuIde siibstanccs are transformed into 
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soluble ones. Tlie niost eoimnon vlioiniejil muaioii i.s the IViririalion of fatty acid 
salts (soaps) from neutral .salts. 

Elcctrophorrsis .' — By a])j)lyiner a "alvanie current to tlio .skin, .substance.? 
can ])e introduced into the eireulation wliieh otheru-i.se would not penetrate or 
would do .so only in traee.s. “Electrophoresis,” meaniuir electric transfer, is 
the ino.st suitable terin for this i>roeedure heeau.se it does not involve any assump- 
tion coneernin" its ineehnnism. The term “eafaj)hore,sls” is ]>roperly re.servcd 
for the transport of colloidal particles in ati elect ric field, Tlie expre-ssion “ion 
transfer” or “iontophoresis” involves the a.ssuiiiption that oidy ions arc trans- 
ferred in one dii-cction or the other dependiu'r on Iheii- chai-frc. The temi ex- 
cludes the transfer of nondi.ssociated molecules. “ Elect roeiidosomosis” is de- 
fined as the movement of a liciuid Ihrouiih an electrically <diarircd membrane un- 
der the influence of a jralvanie current. 

Attempt.s to utilize elect roi)hore.si.s in clinical therapy can he traced hack to 
the juiddlc of the last century. Apain and airain it was rediscovered and wa.s be- 
lieved to accomplish more than other methods of aiiplieation. In .spite of some 
interesting: results, such as histamine elect rojdioi-esis in myalgia and mecholyl 
iontophorc.sis in arthropathia, the therai)eutic achievements of elect ropliore.sis 
have been rather meager up to date. Possibly, n^oro recent efforts to utili'/c this 
method in diagnostic proecdure.s''’' will he more succc.ssfnl. 

The method of clinical oloef rophoresis is .simple. The two poles of the 
galvanic current arc connected with aluminum or zinc plates which arc covered 
with gauze. The “ncnti-al” electrode is .soaked with .some, inactive electrolyte 
solution, usually tap water. It is firmly apjdicd ajiywliere on normal skin, or it 
is clipped to the inside of an insulated ve.s-.sel (enamel howl) filled with tap water 
into which the patient’s limh is immer.scd. The “acli'^-c” electrode lias a rela- 
tively small .surface, thus jn-oducing a high electrical density, i.o., high mini- 
amperage per square unit area. After its gauze lias hocn soaked witli tlie solu- 
tion to he introduced, the active electrode is ]>rc.s.scd and firmly fixed to tlic skin 
area to he treated, or anywhere on the skin surface if systemic cficcfs are sought. 
A current of x-arying intensity from a few tenths of a milliamporo up to 40 milli- 
ampercs (in the average 1 milliampcre jicr 1 cm. square area) is then sent 
through the body for a period of time varying from a few minutes up to one- 
half hour. 

When substances arc introduced into the skin elect rophorctically, both 
ion transfer and elect roendosomosis arc iin-olvcd. The mechanism of ion-trans- 
fer is xvell understood. If the biologically active part of an electrolyte is a cation, 
the drug is applied to the positive pole (the anode), and tlic cation will travel 
toxvard the negatix-c pole, i.e., towards tlic inside of the body. The inactix-e anion 
xvill travel in the opjiositc direction, i.e., from the soaked gauze to the metal 
electrode. Similai’ly, a substance xvitli an active anion xvill penetrate to the 
inside of the bodj^ from the negatwe pole (catliodc). Tims iodide and bromide 
ions are easily introduced fi-om tlie negatix-e polo, metal ions and alkaloid- 
cations from the positive pole. 

Blectroendosniosis, the transport of tlic liquid as a xvhole, lioxrever, inter- 
feres xvith this simple mechanism.-’ Tlie skin has a negative electric charge, 
and therefore electrophoresis xx-ill effect a movement of xvater into the hod.r from 
tl positive pole, and toxvard the outer surface of the sldn at tlie negative pole. 
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A gross clinical sign o£ this movement of water is a shilnking of the skin iiores 
at the positive, and a swelling at the negative pole after intensive electrophoresis. 
In case of cation-transfer from the positive pole, electroendosmosis acts in the 
same direction, thus facilitating the absorption of the cation. The anion-transfer 
from the negative pole, liowever, is counteracted hy endosomosis, which elicits 
a movement in the opposite direction. 

Difficulties encountered in the introduction of dye anions (“acid dyes”) 
were interpreted as being due to the lack of endosmosis in the same direction.®- 

The role of endosmosis was proved by experiments indicating that any 
factor which furthei-s electroendosmosis also favoi-s electrophoretic introduc- 
tion from the positive pole.^' *-■ Such factors are the addition of sucrose or 
of alcohol to the aqueous solutions of drugs or dye stuffs containing an active 
cation, factors which are unfavorable for ion-transfer but enhance electro- 
endosmosis. On the other hand, high salt concentration or acidification has 
an opposite effect; thej* are unfavorable for electroendosmosis and greatly hin- 
der permeation through the skin. 

In contrast to cation-introduction, the entrance of anions is furthered if 
electroendosmosis is suppressed by the addition of acids, of multivalent cations or 
by concentrated salt solutions. The addition of sucrose or alcohol inhibits the 
entrance of anions. 


The effect of electrophoresis on percutaneous absorption has been studied 
mainly with respect to aqueous solutions of dyes and alkaloid salts.^ A great 
many of the latter, such as salts of strychnine, morphine, and atropine which 
have no demonstrable effect when painted on the skin in aqueous solution, dis- 
play their characteristic general toxic effects after a short time when they are 
introduced electrophoretically in the same amounts and concentrations. The 
electrophoretic introduction of other dimgs may be demonstrated by local ef- 
fects at the site of entrance. Local vasoconstriction by epinephrine salts local 
sweating by salts of acetylcholine, mecholyl, and pilocarijine, and local anesthesia 
by salts of cocaine cannot be produced by simple application of their aqueous 
solutions to the skin but are easily achieved by introduction wth the "alvanie 
current. The decided effect of electrophore.sis on skin absorption was demon- 
strated dramatically by Leduc ui 1900.^ A rabbit painted -with a solution of 
strychnine nitrate survived this treatment unthout the slightest signs of poi.son- 
ing, whereas another rabbit into which the same .solution was introduced electro- 
phoretically died in a few minutes from stiychnine poisoninm 


In spite of this remarkable effect of electrophoresis one has to keep in mind 
that application of galvanic current docs not alter the osseiitial principles -^ov 
eming skin absorptivity. Aqueons solutions of eloctrolvtes enter the skin in 
traces through the appendages without the use of anv current If an aciueou 
solution of strychnine nitrate in high concentration is painted on the sknn over 
large cutaneous surfaces and for a long period of time it will nas fl 
pondages in amounts which eventually will kill the animal > The el 
rent serves only to increase this absorjUion tlu-ougli the appenda-cs W T"’’ 
increase it trcmendonsly. Inder the eonditions of modK-arele^j 
currcJit carries aqueous solutions throu<,di the aiUK-nd-nre-. - i the 

through the opitlermis. With respect to dves this ^■'^^'bisively and not 

as early as IPOO.’ and has often been eoiifimied sinee ^ ‘demonstrated 
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IJmlor coiidition.s )‘jiV()]-;il)li‘ Tor clcof rocjidostiiosi.s in life ex- 

pei'iniont, nn iunivoiis soUilioii mny filler I In* Miilpii-diiaii Iiiycr, lull tlioii, as 
shown in oxpfi’imfnfs willi dyes, the solution pcnclratfs lliroU';h the I'ollictil.-ir 
wall and not tliroii'.di the siirracc fpillifliiini/'-' In other words, the harner in 
the follienlar epithelium whieh lias a hisloloyie and physieoehemieal slruetiire 
similar to that of the surface epitlieliiini, ofl'eis le.ss resistance to the eiirrent 
than does (ho epidennal harrier. The latter forms the irreater ohstaele. 

The eleetrie current itself also (ravels throu.uh (he appendages. If ajiplied 
la (he .skin with electrodes whieh are soaked with .saline .solution previous to the 
al)sor])(iou exjieriment, tlie current will increase (he ahsorjilion of atiueous 
.solutions whieh are su h.seqtiently painted on the skin. This effect is due to de- 
crea.se of imlarization. Decrease of polarization, however, is a minor factor if 
galvanic: i.e., noninterrupted direct current is ajijdied.’ The main effect of 
eleetrojihoresis is (he great increase of ahsorjitiou through the ajijiendagcs with- 
out qualitative change of the jicrmeahility of the .skin. 

Ahsoriilion Throitf/h Disrtistd .SV.iii.’ — The study of ahsorjition through 
jiathologically changed .skin eorrohorates th(‘ hasic rules of percutaneous ah- 
.sorption: (1) The (hicknc.ss of the horny layer is of no imjiortancc {normal ab- 
sorption occurs from ichthyotic skin) ; (2) the fatty cover of the ,skin is irrele- 
vant (there is equal ah.sorjition from .seborrheic and dry .skiti) ; (H) tbe barrier 
is in the epidermis (destructive lesions of the ejndcrmis eliminate the phy.siologie 
barrier); (4) the most imimrtant xvay of ah.sorjition is tiirough the ajipcndages 
(decreased absorjition occurs in .scleroderma and otlici* jiroce.sscs with as.soci- 
ated atrojihy of the atqieiulages). 

Recent Coniributiou.'i. — IMie.scher*''' studied the penetration of watcr-.soluble 
/iuorescent dyes by aiiplying them in <lifiercnt veincles to the skin of laboratory 
animals. The depth of cutaneous penetration was noted by oh.serving frozen 
.sections under the tiuore.sccncc miero.scope. lie found oidy diffusion into the 
upper loose horny la.vcr, and thus corrol)orate<l the existence of a harrier at the 
lower level of (he stratum conicum. Furthermore, he confirmed the observa- 
tions indicating (hat the (hicknc.ss of (lie horny layer is of no influence on the ab- 
sorption Ihrough the .skin. 

The increasing use and c.xtreme cfiiciency of toj)ical application of sulfon- 
amide.s in war surgery .iustify the intcre.sl in (heir percutaneous ah.sorjition. 
Recent experimental work'’''' has shown that sulfanilamide jienetrates (he intact 
skin from organic solutions. Sodium and calcium salts of sulfathiazole enter 
the skin from aqueous solutions and from ointments; they also can bo introduced 
elect rophoreticall}".*’' On the basis of Avhat has been said in this review, tbe 
lipoid-.soluble sulfonamides may be expected to jienctratc the skin from organic 
solvent.s and ointments. Aqueous solutions of the .sodium salts should be apjilied 
to the intact skin only by elect rojihoresis. One cannot, cxjicct, liowcver, that 
the electrophoresis of the sulfanilamide anion from the negative pole will be 
sufficiently elTective, because of the antagonistic effect of the oiqiosile direction 
of the forces of eleetroendosmosis. 

Herrmann, Sulzberger, and Baer®" have recently introduced new types of 
•chicles These vehicles were designed to increase percutaneous absorjition b.v 
conibinino- the properties of fat or lipoid .solubilifS', water solubility, surface- 
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wetting ;ictioii, niid Jictiniis ;is solvents juid honiogonizoi’s. An example of such 
a combined vehicle and solvent consists of xylene (or derivatives), a sj'nthetic 
wetting agent, antipyrine (for solution and homogenization), and propylene 
glycol. In their preliminary report, the authors have called vehicles of this 
^Tie “penetrasols.” 

The authors state that these pentrasols accelerate the penetration of a great 
variety of substances through grossly intact human and animal .skins (.suKonam- 
ides, licaA-j- metals, so-called protein allergens, etc.). The reAueAver is of the 
opinion that the effects reported exceed those to be expected by simple lowering 
of the surface tension and by thorough wetting of the surface (see. p. 19). 
The penetrasols developed by Sulzberger, Herrmann, and Baer may achieve their 
effects by attacking the lipoid frame of the lirfng epidermal cells in a manner 
similar to the effect exercised by saponins. 
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A SBIPLE LIVER PREPARATION ORALLY EFFECTIVE IN THE 
TREATjMENT of human AMYLOID DISEASE® 


James Loukides, B.Sc., Harold G. Gkayzel, M.D,, and 
Mendel Jacobi, M.D., P.A.C.P., Brooklyn, N. Y. 


RALLY administered poivdered whole liver can effect the i’e.sorption of 
experimentally produced amj-loid in animals,^ and can effect an apparent 
clinical cure in hitman beings with secondary generalized amyloidosis.^ In the 
latter paper it was shown that the administration of such a liver preparation 
caused the amyloid to disappear, despite the continuing activity of the ineitant 
inflammatory disease. 


IMany requests for the liver product or its method of preparation have 
come to us from physicians all over the country. The liver powder u.sed in our 
original work is no longer available, the concern producing it liai-in"- ceased 
operation. 'We have tried the leading commercial liver preparations hut have 
found them unsatisfactory in the treatment of secondary amyloidosis IVe 
Iherefore believe that a brief description of a method of preparinrr a ‘‘liver 
cocktail,” with ivlnch wc have had results as good as tliose ivith tlie'powdered 
liver originally used by ns and which is inexpensive and ea.sv to prepare is 
in order. ‘ ‘ ‘ 


MirruoD or preparation 


Liver obtained fresh from an abattoir is cleansed of its rrj.oss- r-vtv 
m^, especially gross blond vessels. It is fl.en cut into ciibcs and JaKse^ll 
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tliroiigli a Sc])-I?o-Siv.® The vory fiiii' sicvi* of liie lallor is usf<i. flic liver 
forced fliroufi:!! the iitaehiiie several times in order lo reduce the product fo a 
fine, luisty consistency. 

Fruit .iuiccs are added to wash as much of the liver as possible through 
the sieve of the machine. 'I’he tinely mashed liver will protrmie through the 
l)ores of the sieve, while any aftaclied lough muscle, tibrous tissue, or large 
blood vessels will b(‘ c.Ntnided through the mid of the funnel. This residue 
from the funnel should again be jnit through the machine several time.s. forit 
thereby helps clean the teeth of the grinder of consitlerable n'fained valuable 
liver mash. A spoon is finally used to free the siev(' of adherent macerated liver. 

The pressed tissue and tin- .iuice arc c<dlecled in a bowl. A<ldifional fruit 
.iuice is added to thin out the mixtiu-e, and this is then iiassed through a flue 
seooj) sieve that can be purcha.sed in any five-and-ten-cent or hardware store. 
The finished ma.sh should be totally free from lumiis of liver. It generally 
resembles a chocolate drink in cedor. The taste- is that of the fruit .iuice used, 
is quite palatable, and is taken readil.v. A mi.xtnre r)! orange and pineapple 
.juice is the vehicle most popular with our jiatii-nfs; an.v juice, however, may he 
used lo suit the jiatient. The liver prcjmralion should be kept in a cold re- 
frigerator or icebox. In the event that the drink is too thick, additional fruit 
juice may be adderl to suit the patient ’s demand. At certain times of the year 
the liver may have a pungent taste. AVashing one’s month with unadulterated 
fruit juice, or chewing a few gum drops will easil.v and rai)idly overcome this 
taste. 

This jirocedure gives an apjiroximatc yield of !>() jier cent. The dosage 
varies from the equivalent of J/j to of a pound of liver daily. Wherever 
]) 0 ssible, the use of mash jirciiared dail.v is recomim-ndi-il. AVe havi- found, 
however, that a three-day siqiply kept at a tem])cralure of 8° F. or lower is 
equally potent and iiabifable. After four or five <la.vs the juice becomes mildly 
.sour. Two pounds of livei- and one quart of fruit juic-e yield a total of al)out 
two quarts of the final nni.sh, a siqipl.v sutlicient for tlirec da.vs. 


c(),ai.aii:nt 


AA^' have found this fre.sh whole liver lu-eimration eft'ective against jim.vloid. 
It has the advantage of being simjile fo pivpniv and of being far less ex])ensivo 
than any commercial ])roduef. If has the di.sadvantage of requiring a rather 
tedious and time-consuming procedure, and of daily preparation or. at mo.st. 
at intervals of three da.vs. Con.scientiously adhered to, the .vield in quantity 
and potene.v of the product is high, and the drink is pleasant in aiipearanee 
and taste. 

There should be no possibilit.v of inge.sting parasites in the liver if the 
material is obtained from a reliable slaughterbonse and Ibo liver is carcfull.v 
examined as it is enbed. AA’e have found no i)arasites in an.v of onr liver 
preparations after prolonged and careful .searcli, inelnding mieroscopie exami- 
nation of ibe product. 

RKl-’KKKNCKS 
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THE PROPHYLAOTIC USE OP SULFANIL^UMIDE IN CHILDREN 
WITH RHEUJL\TIC HEART DISEASE- 


Charles R. ]Messf.loff, jM.D., akd JIiltox H. Robbixs, JI.D,, 
Neav York, N. Y. 


I N JANUARY, 1939, Colnirn and ]\loove,' as ivell as Thomas and France, = 
published independently their observations on the prophylactic effect of 
sulfanilamide in rheumatic children. Stimulated by their favorable re.sults, vre 
began, in September, 1939, to administer sulfanilamide to a group of children 
attending our cardiac clinic. This communication is a report of the result of 
our .study. 

SELECTIOX OF CASE.S AXD PROCEDURE 

Observations ivere begun on childi'en with inactive il)eumatic heart disea.se 
who were attending the clinic. As the study progressed, a number of children 
were eliminated from the treated group and trairsfcrred to the control gi’oup 
because of (1) the appearance of mild toxic effects of sulfanilamide, or (2) lack 
of cooperation by either the child or the parent. 

In all, 55 children were obseiwed. There were 25 cliildren in the treated 
group, and 30 in the control group. They varied in age from 6 to 14 years at 
the time of the beginning of the study. A study of Table I will show that, using 
the age of 12 yeare as the beginning of puberty, both groups consisted of almo.st 
ociual numbers of pre- and post puberal children. 


Table I 


.\GE DISTRIBETIOX AXr> SF..V OF TRF.ATro AXD COXTT.OL P.ATIEXTS 


AGE 

TREATED CROUP 

COXTEOL GEOEP 

fi-8 

1 

o 

9-11 

12 

9 

12-14 

12 

18 

Total 

25 

SO 


TREATED GROUP 

COXTBOL GEOLT 

Boys Gir.ij; 

Xumbcr: 12 I,'! 

^ GIRLS 

13 


From the outset, we followed one method of medication : 5 trains (0 3 Gm ) 
of .sulfanilamide were -iven 3 times daily for a period of one week, and if no ^ox' • 
signs or symptoms appeared, the dose was increased to 10 grains (0 6 f’m 1 •'* 

the mornim: and in the evening. This dase was maintained for theVenrindlr 
of the studv. ‘ 
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The driifj was adniiiiisloml durin;; two treatment, seasons: (1) iToni 
September, 1939, 1Iiro\i“-h May, 1910, and (2) from SoptemI)cr, 1940, tlirongli 
]May, 1941. The aetnal jieriod of treatment din'in<; eae)i .season was aljout eight 
montlis. 

A eomplete Idood count, sediment.'ition rate, and an elect i-ocardiogram were 
obtained on cacii child prior to tlic initial admini.stration of the drug. Through- 
out the period of obsci'vafion, blood counf.s and sedirnojdation rales were ob- 
tained at two- or three-week intervals. At .similar intervals, a careful history 
and examination were done to determine the j)re.sencc either of ill effects of 
sulfanilamide or of evidence of rhciinialic activity. The children in the control 
group were seen, on the average, every tlwce months unle.ss a I'hemnatic 
reerudc.scenee occurred. In such instances, the children were seen more fre- 
rpiently. 

TOXIC KFFICCTS OF .sui-r.vxiL.vMinr. 

We can corroborate the observations of Thomas and her eo-workci-s^ that 
the serious toxic .signs and .SAUiiptoms which arc not infmpiently noted follow- 
ing the adniini.slration of large do.ses of .sulfanilamide are not .seen when small 
daily doses arc taken. Thu.s, cyanosis, severe hemolytic anemia or granulo- 
cytopenia, severe dermatitis, febrile reactions, wore not seen in our .scries. Jfinor 
toxic cfTocts, however, wei-e okserved in ten children. Kocovery was prompt 
and complete in every child following cessation of therapy. Indeed, exporionee 
has shomi that recovery may take place in some children even if the drug is 
continued. Wo did not deem it .iustifiablc, however, to expose ambulatory 
children to the continued effect of sulfanilamide in the pre.sence of even minor 
drug reactions. 

It is of interest to record, briefly, the toxic effects ob.scrvcd in our group. 

1. Anorexia. — V. A., a 14-ycar-old Italian boy, stated that he lost his 
appetite a few days after he began taking sulfanilamide. The drug was dis- 
continued and was resumed three months later. Again his appetite diminished, 
and he lost weight. Sulfanilamide was stoiipcd. 

2. Anemia . — A moderate decrease in the hemoglobin content was found 
in four eases, accom])anicd in only one instance by a drop in the red blood cell 
count. In the latter case, the hemoglobin value fell from 12 Gm. to S.6 Gm., 
and the red blood cell count from 4 million to 3,200,000. Upon stopping the 
drug these values rose to their premedication level. Tln-ee months later, the same 
child was again given sulfanilamide, but this lime there was no change in either 
the hemoglobin or the red blood cell value. 

3. Lcacopcnia . — In six children the total white blood count dropped below 
5 000, but in only two of these children did granulocytopenia (mild in degree) 
accompany the Icucopenia. Therapy was continued in the four children wlio 
showed a leucopenia alone, and in all, the leucocyte count rose to normal levels. 
The leucopenia observed in these children was mild ; between 4,000 and 5,000 
in three children, and 3,700 in the fourth child. 

Therapy was discontinued in the two children ulio showed leucopenia and 
granulocytopenia' In both cases the blood counts returned promptly to normal. 
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4. Bash— A mild maenlopapular eruption was obseiwed on the arms and 
legs of one child, and on the face of another. Both eraptions disappeared scon 
after stopping tlie drug. 

5. Allergic Reaction. — Finally, one child, a 13-yeai’-oId Italian girl, com- 
plained of a scvei’C frontal headache, Avhieh came on three horn’s after the initial 
dose of sulfanilamide and which persisted for five days until she discontinued 
taking the drug. One month later, she Avas again given sulfanilamide, but this 
time she did not complain of headaches. After a Aveek of medication, hoA\eA'or, 
“sAvelling of both knees, ellmws, and shoulders” appeared during one night, only 
to disappear the next morning. She continued taking the drug. Tavo daj's 
later, her face became SAvollen and remained so for forty-eight hours. Sulfanil- 
amide was discontinued. 

BE.3ULTS OF TREATAIEXT 

Evidence of rheumatic reactivation appeared in both the treated and the 
control groups. In the treated gi’oup of twenty-five children, three manifested 
rheumatic recrudescences, and two of them terminated fatally. The details 
of these three cases are as foUoAVS ; 

Case 1. — J. C., a 13-ycar-olcl Italian boy, has been a patient in our clinic for several 
years and suffered from rheumatic involvement of both mitral and aortic valves. After five 
weeks of sulfanilamide medication, emdence of congestive failure appeared. The drug was 
stopped and the boy admitted to the hospital. He died one month after admission in conge.«- 
tivc heart failure. Autopsy findings corroborated the clinical diagnosis of chronic rheumatic 
heart disease with recent reactivation. 

Case 2, — C. C., a 13-year-old Italian girl, had been attending the clinic for several yeans 
and presented evidence of mitral insufficiency and stenosis, and of aortic insufficiency. She was 
given sulfanilamide from September, 1939, through May, 1940, without any untoward effects 
and showed no evidence of active rheumatic heart disease throughout this period. In Novem- 
ber, 1940, she began taking sulfanilamide again and continued doing so until the first week 
of February, 1941. At this time she complained of headache, chills, and fever. A suspicions 
petechia was seen on the hard palate. The child was referred to the ho.spital with the diagno.sis 
of subacute bacterial endocarditis superimposed on rheumatic heart disease. .Subsequent 
laboratory and clinical data confirmed the diagnosis. She died about four months after 
admission to the ward. No autop.sy was obtained. 

Case 3. — The third child (.A. F.), a 12-ycar-old Porto Eican boy, showed evidence of 
rheumatic activity within one month following cc.ssation of sulfanilamide therapv. He had 
taken the drug from October, 1940, until the beginning of May, 1941. Three weeks later, the 
sedimentation rate was found to be elevated and an apical diastolic murmur which had not 
been heard for more than a year, reappeared. 


Among the thirty children in the control group we found three patient.s 
with rheumatic reactiA-ation, one of whom died of conceslive heart failure. 

Case 1. — S. M., a 14-year-old Italian girl, had mitral insufficiency and steno-is. In 
August, 1911, she had a sore throat, whicli was followed shortly by pains in her knof-s anklec 
and Ijack. These .subsided after a few weeks, but recurred in Octolx-r, If'il. There was how- 
ever, no change in either tlic sedimentation rate or the electrocardiogram. 

Oa.se 2.~K. M., a 14-ycar-oM Porto Rican girl, had rlieumatic insufficienev and steno-js 
In Octoljer, 1940, Iicr sedimentation rate became elevated, and she complained of ' • ' 

both knees. pains jn 
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Cask — A. 'A., ii Ili-vciu oM Ilitliini Imv, Imd milriil iii-iillivii'ni-y siin! hlciin.-i-i. Iii 
J-'cbniiiry, ]!)t0, cvulc'iU'P of (■(iiifii’.-livi' hfurt fiiihiro iijijHTml. 'I'lii.x Iifi-imH' jiio^ri’.-.-ivcly ivorsi', 
;iii(l )u‘ wa.s irforrcd to tlic iKi'ijiiliil. flo dii-d Mnrcli. li'li). Xo .■iiiloji'.y •am'' olitaiiifd. 

COMMi:ST 

It is rtsidily .stadi lYom tin; ror(*;^i)iii<r rosniiit'; of oiir icsiills fli;il w. could 
not. dcnionstr.Tto iiiiy jiropiiyiiictie ofiect of siiiraniliimidc in onr "nnip. Two 
deatiis and one rocnidcscence occurred in tlie treated jfi'ouj); one death tiiid 
two reerndc.seence.s in tlie control irronj). .Since it is jtj'obahle that congestive 
Iieart failure and suhaciile bacterial endocarditis in children with rheumatic 
heart disease indiciite tlie presence of an underlying carditis, onr results siiow 
therefore tliat ejiisodes of active rheuiiiatic heart ilisease occurred M'ilh equal 
frecjuoncy in Iiolh the treated tnid control gron)»s. 

Nevertheless, avc cannot conclude from our study alone, that sulfanilamide 
has no efi'ect whatever in ])rovenfing recurrences of active rheumatic heart 
<liscase. Our series is not large mioiigh to be statistically convincing. Further- 
more, the general incidenci; of rlieiimatic infection during our study jieriod of 
from Sejitember, 11)311, through ^lay, 11)41, jii-uved to !)e e.\ce]>tionally low. It 
is thcrcfoi'e po.ssilile that given a larger number of casi's, treated during a time 
when rheumatic recrudescences were frequent, that the effect of sntfanilamide 
may have been aiijiaront. 

Thoma.s and her co-workei-s'' found that ‘'in no patient under treatment did 
this serious malady (subacute bacterial endocarditis) dcvcloj), ” and raised 
the cpiestion “of whethoi- sulfanilamide may iirevent this com])lleation a.s well.” 
The eour.so of cvenf.s in our patient C. C., who develojied this complication whiJe 
regularly taking sulfanilamide, indicates that the use of thi.s drug to prevent 
subacute bacterial endocarditis leaves much to be de.sircd. 

SU.M.MAKY 

1. Sulfanilamide in daily do.ses of 20 grains (1.2 Gm.) was administered 
to twenty-five ambulatory rheumatic ehildi-en ranging in age from G to 14 
year's. As controls, we observed thirty childreii with rheumatic heart disease 
who were attending the cardiac clinic but who were not given sulfanilamide. 

2. Observations were started in Sei)tcmbcr, 11)31), and were carried through 
to jMay, 1940. They wore resumed in Se])t ember, 1940, and sto])pcd in i\Iay, 
1941. Two periods each, therefore, of ajipro.ximately eight months each com- 
prised the time of the study. 

3. minor toxic cffcct.s were noted. The.se consisted of: (1) anorexia, one 
case. (2) moderate decrease in hemoglobin content in four cases, accompanied 
bv a drop in red blood count in one of the children. (3) moderate leucopenia 
ill four patients with concomitant mild gramilocytopenia in two of them. Q’Jie 
blood counts returned promptly to normal in every instance upon withdrawal 
of the drug, and in a few cases CA-en while the drug was continued. (4) mild 
maculopapular eruption in two patients. 

4 Two deaths (one from congestive heart failure, and anotlier fi-om sub- 
acute bacterial endocarditis) and one rheumatic reerudescence occurred in the 
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treated group. One death (from congestive heart failure) and t^vo recimdes- 
cences occurred in tlie control group. 

5. In our series of cases sulfanilamide did not appear to be of value in pre- 
venting rheumatic recradeseences. 
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THE GLVCM.r’nC ENXVJIKS op Sy.N'OVIAI, PLUII) 


I^OGKR S. nuilHARD, PfI.D., AXt> KlCHAIM) C. Poirri'I!, PUITAI.O, N. Y 


TN A previous publication’ certain actions of "lycolytic enzymes in eerebro- 
* spinal fluid obtained from imticnts with ciu'doinic inenintritis were discussed. 
Ewlence was presented sliowing tiiat while the larfrer i)art of the reduciii!,^ -siifrar. 
glucose, in such spinal fluid disappears quite ra])id!y on incubation, the trace 
of fnictose Avliicli is present’^ is destroyed very slowly. Other c.vpcriments 
showed that the enzAuue which catalyzed the reaction was prc.sent in the cellular 
elements, and indirect evidence was presented which tended to prove that this 
enzyme was present in the jmlymorphonnelcar leucocytes of tlie fluid. Further 
consideration of the quc.stion has .shomi that two objections can be made to 
these tentative conclusions. The first one is ba.scd on the nature of the material 
studied. The specimens in which the highest concentrations of Icucoeyfas oc- 
curred were drawn shortly after acute c.'taeerbations of the infection, and while 
tc.st.s designed to show the pre.sencc of meningococci gave negative results, still 
it is not impossible that organisms were pre.sent in small inunbers and multiplied 
upon incubation of the .si)ecimcns. Since meningococci react more readily with 
gluco.se than with fructose or, at least, form acid more readily from the first- 
named sugaiY the results cannot perhaps be attributed with certainty to the 
pohmiorphonuclcar leucocytes. The second criticism is of an entirely different 
nature. Willstatcr and Ithodewald,’^ in the course of investigations of the mode 
of formation of lactic acid from sugars, showed that, when bufTcred with phos- 
phate solutions, glucose and fructo.se were about equally effective os sources for 
the formation of glycogen and lactic acid by suspensions of Icneoeytes. 

Since these questions arase in connection witli llie earlier observations, it 
seemed desirable to carry out c.xperimcnt.s in wliich (A) there should be avail- 
able a convenient sterile source of large numhci-s of human imlymorphonuclear 
leucocytes; (B) the sugars studied .should be substances of known purity rather 
than those occurring in a complc.x biologic solution; and (C) the cells should 
be suspended in some biologic medium other than cei’cbrospinal fluid. In 1928 
Cajori and Pemberton® described a patient with a sterile inflammatory reaction 
of the Imee joint. On aspiration of this material it was found to be free from 
organisms but very rich in polymorphonuclear leucocytes. The authors carried 
out and reported the results of expci-irnents upon the destruction of glucose 
added to this medium. Becently an opportimily ])resented itself of studjnng 
material from a similar case, and we decided to study the destruction of both 
glucose and fructose when added to this synovial fluid. 
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The patient from •whom the fluid was obtained was a Negro man 58 years of 
age. His chief complaint was that a swelling of the right knee Avas present and 
that he could move it only with difficulty. The knee was markedly swollen, not 
tender on palpation, and showed no sign of acute inflammation. The presence 
of fluid could be demonstrated on physical examination. Apart from this he had 
no complaints, and there were no other physical or laboratory findings which 
were abnormal. Serologic tests for gonori’hea and syphilis were negative. !Hate- 
rial was repeatedly obtained from the joint space by aspiration. This synovial 
fluid was rich in protein and contained lai-ge amounts of mucin. It was appar- 
ently quite rich in fibrin, for in some instances a clot formed before studies 
could be initiated. Large numbers of leucocytes were present at all times, but 
the number varied quite markedly in different specimens. In at least one 
instance more than 1 c.c. of packed cells -n-as obtained by centrifuging 10 c.e. of 
the fluid. Ninety per cent of tlie ceUular elements were polymorphonuclear 
cells. The material -u'as repeatedly examined for the presence of mircoorgan- 
isms. Tests were made, not only upon each of the six specimens used in the 
experiments to be discussed below, but also on at least six others. The methods 
of examination used included direct smears, cultures on many tj’pes of media, 
including those suitable for studjing aerobic and anerobic organisms. Methods 
especially adapated for culturing the gonococcus and the tubercle baciBus were 
also employed. Specimens Avere also incubated for periods up to ninety-six 
hours and the incubated material later examined for organisms by direct smears 
and inoculation into various types of broth. Specimens of the fluid were also 
injected into guinea pigs. Positive results were not obtained by any of these 
methods in anj* instance. It seems certain that any demonstrable effects of 
cellular elements which might be found in studring this fluid were due to the 
leucocytes, for the number of organisms present must have been insignificant. 
The authors belieA'e that the matei-ial Avas completely sterile. 

In carrying out the experimental procedimes, six dift’erent samples of tliis 
SAmoAual fluid A\'ere used. The cell contents of these fluids varied markedly, but 
all Were very high. In some studies the cells Avere first removed by eentrifug- 
mg, and in others xmtreated fluid was used. These fluids were divided into por- 
tions of approximatelj' 6 c.c. In many instances small amounts, usually 0.6 c.c., 
of concentrated sterile solutions of the purest glucose or fructose obtainable were 
added to these 6 c.c. portions and an equal amount of sterile A\-ater to an equal 
Yolume of the same material. These treated solutions were then mixed as thor- 
oughly as possible to try to prepare equal concentrations of the cellular ele- 
ments, and divided into three equal parts, each of which contained appro.xi- 
inately 2 c.c. One of these was analyzed at once, one was placed in an incubator 
at 37° C., and the other placed in the icebox. .rVn attempt was made to keep all 
•Solutions in each separate one of the six experiments identical, but this was 
found to be impos-sible because the leucocytes showed a marked tendency to clump 
logother and because the gelatinous nature of the fluid, due to the presence of 
mucin, further prevented the preparation of suspensions of cells which were 
even approximately unifom. Even the tlu-ce control preparations which made 
>ip integral parts of each separate te.st Avere not alway.s exact duplicates of each 
ouier, although they seemed to .show little variation in composition. The in 
eubated and control solutions Averc precipitated by tljc zinc .sulfate and sodium" 
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liydroxide lerliiiifiuo of Somo^yi.' IJodurinf: coinjiounds wttc drlonniiUHi liy 
(he inctliod of Foliii iiiid ;ind inodined, \v3ien coneeidnifions were low, 

aecordin" to the su^f'osdons of Huhliard and Allison.'" Fructose analyses Acere 
made by (he resorcinol teehni(ino of Koe." The solutions in which (he deter- 
minations were linally carried out represented 1 to 10 dilutions of the oriirinal 
material. For the determination of eoneeiitration of .siitrar between 0.1 and 1.0 
m<r. jier 100 e.e. (etiuivalent to eoneent rat ions of from 1 to 10 ni'r. Jier 100 e.e. 
of the orifjinal .solution.s), (he method used for the iletermination of fnietose 
was much more satisfactory than was (he one used in deterininiri'r ivdiiciii'j 
eomjionnds. In each instance a culture was made of every .solution upon Avliieli 
quantitative data were obtained, and all were found to be sterile. 


T.vm.r. I 


Ur.KKllKNCK AKII 
KXl’KIUMF.NT 

r.snp 

KOTKS 

siv.'Af: 

iN'ctr- 

M.VTFIv 

On:.) 

INITIAT. 

<‘f»NTi:OL 

Omc. to: 
ioO ex.) 

irKiiox 
(’ONTi;oi* 
Omo*. ITJ. 
300 rA\) 

IX cr- 

BATOII 
(MO. I’H: 
100 ('.(.•.) 

.\ Avernoc (' 

.As oldaincd 


None 

-IK 

07 


0 

.Vveraoe :> 

As oldniiieil 



■IK 

102 

1.70 

in 

-Avcnioo 0 

.As (ildainisl 


Fnietose 

-is 

SI 

Sit 


II IV 

As obtained 


None 


71 

7.'* 

S9 

IV 

.As olifained 


tiliieoM' 

"1 

17;' 

170 


IV 

.As obtained 


Frueto>.e 

LM 

SI 

.K7 


IV 

.\s obtained 


None 

•IK 

rr 

7»V 

7* 

TV 

.As obtained 


filiicnse 

•IS 

I.'.'C 

17.':* 

12‘ 

lA’ 

.As obtained 


Fruefo-e 

•IS 

SI' 

sr 

10* 

C VI 

.As obtaiiKsI 


None 

■IS 

r>}- 



VI 

.As obtaineil 


Gliieo‘-e 

■|K 

i;!s* 


■19 

VI 

.As obtained 


(JllieON* 

•Is 

221) 


■nH 

VI 

.As obttiined 


Fnietose 

■IK 

so* 



vr 

.As obttiined 


Fructose 

■|K 

:!9 



I) IV 

As obtained 

faeuliated for 

None 

I’l 

1 

10 


TV 

As obtained 

tiveiit v-foiir 

Gliieose 

21 

ni.'i 

70 


TV 

.Is obtained 

boars before 

IVuclose 

i’l 

sv 

■sr 




ex[ieriuient 






I-: 1 

Centrifuged 


None 

■IS 

07 

ii.') 

12 

IJ 

Centrifuged 


None 

•IS 

SI 


SP 

m 

Centrifuged 


None 

■IS 



00 

n' 

Centrifuged 


None 

■IK 



•10 

A" 

Centrifuged 


None 

•IS 

09 

0-1 

r,n 

.Vverago a 

Centrifuged 


None 

•bS 

0.7 

00 

r,i 

Average 4 

Centrifuged 


Glueose 

•IS 

172 

lOS 

170 

.Average !> 

Centrifuged 


Fruc.tose 

-IS 

S-l 

SI 

S" 

F JV 

Centrifuged 

Washed cells 

Noiu' 

9(1 

•l;A 

•l-l 

20 

IV 

Centrifuged 

added 

Glucose 

90 

MO 

1-n 

•10 

lA' 

Centrifuged 


Fructose 

90 

7«» 

so 

.11 


Tl)e letters are Ki''on for irfaronce to Uic to.xt. Roninn mmieriils show stmllcs upon 
samples of auhl obtained by each of .six .sep:ir.'iti' punctiiro.s. TTniler "bIucosc" are (riven flirures 
for total reduciiifr compounds by tbe Kolln and AVu method. Under "fructose" nemre.s detor- 
nilned by the resorcinol reaction. 

•Included In the averaires listed under A. 

The significant results obtained arc given in Table I. In seefion A ai'C 
o-iven the average values for tlic studies in which sugars were added to the 
.svnovial fluid and the fluids inenbated for forty-eight hours. Qualitatively the 
results of Ibesc e.vperiments tverc all similar, and average A-alncs have therefore 
been presented. Quantitatively the resnlt.s A-aried quite markedly. Tlie most 
extreme variations cneoimtcred arc given in .sections B and C of the table. Tlie 
avera'^e flgnras show that at least 00 per cent, of the sugar originally present 
and 95 per cent of the glucose added Avcrc destroyed, Avliile only hct.Aveen 70 and 
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75 per cent, of the smaller ainonnl of fructose arlcled was lost on incuhation. It 
seems prohahle that all the actual glucose present Avas clesti-oyerl in these experi- 
ments. The difference in the rate of destruction of these tAvo sugars corresponds 
to the difference observed in the earlier experiments upon spinal fluid but is not 
as great as that found in those studies. The amount of the added fructose re- 
maining in the solutions in the different experiments vai-ied invei-sely as the 
concentrations of the cells present. The total reducing compounds reported as 
glucose, Avhich Avere present after incubation, did not appear to he related to 
the cellular content. ^Ye believe that these figures largely represent nonglucose 
reducing compounds rather than glucose Avhich had not been destroyed and that 
the irregiflarities noted are, in part, due to the difficulties inherent in determin- 
ing such loAv concentrations of “sugar” and in part due to A’ariations in the 
amount of some reducing compound extracted from the leucocA-tes in the differ- 
ent experiments. 


Experiment B illustrates the difference in the destruction of these sugars 
Avhen the solutions Avere incubated for periods of from twenty-four and forty- 
eight hours. The specimen studied in this instance Avas unusually rich in cells, 
Precautions Avere taken to tiw to insure the presence of erpial suspensions of 
cells in all the solutions used, hut it is probable that rather marked variations 
occurred. The added glucose A\-as completely destroyed in tAA-enty-four horn's, 
Avhile significant amounts of fructose, AA’hich Avas present initially in much loAver 
concentration, Avere still found after forty-eight houi-s of incubation. The 
results obtained suggest that fnietose AA-as de.stroyed much more slowly during 
the second day of incubation than during the first one. This is true AA-hether 
the figures are expressed in terms of the total anioimt of sugar or of the per 
cent of 'the total sugar which AA*as present at the beginning of each tAA-enty-four- 
hour period. Whether this apparent decrease in the rate of de.struction was 
brought about by a decreased efficiency of the enzATue system, as some control 
experiments seemed to indicate, or resulted from a decrease in the amount of 
substrate, or from both cannot be detennined. 

Experiment C was designed to test tlie effect of variation in the amounts 
of the substrates upon the amounts of the .sugars destroyed. In this instance 
A-ai-ying amounts of the tAVo sugars Avere added to a second .specimen of fluid 
Avhich Avas much loAver in cell content than Avas that used in Experiment B. In 
this experiment glucose in a concentration of 100 mg. per 100 e.c.. or appro.xi- 
mately a total of 2 mg. of sugar, Avas de.stroyed by the enzAune in 2 c.c. of fluid 
in forty-eight houi-s. lluch smaller amounts of added fruetase were destroved 
When 1.6 mg. of fruetase (2 c.c. of an 80 mg. per 100 c.c. .solution) Avere pres- 
ent, only 0.5 mg. AA-as de.stroyed ; Avhen 0.8 mg. Avas present, only O.OS mg. were 
de.stroyed. The difference hetAveen the reaction of the enzyme to the tAA-o"'su£rai‘s 
Avas striking, and in this experiment, as avcU as in tlm one just discu.ssed (B)^hc 
amount of fructose rcmoA-cd appeared to decrease Avhen the amount of sugar Avas 
decreased. In this instance also the difference in the rate of dcstnjction A\-as 
inarkod. Avliether it Avas expre.ssed as amount of .sugar or as jwr cent of the I 
ainouiu of fnietose initially present. '* 


In Experiment D the addition of sugars to a .sugar-free SA-noviil 

A ,pcai,nc„ of floid vcy riel, in Iceoey.e. (,l,e »,n,e' ,1 ut 

-.penmeo, B) fo,- uve, .,,e “t 
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begrun. T]iis CNperimcnt wns the seooiul ono in wliicli su<;li a protjctlure was 
li’iocl. In llic earlier alteinpt all the frlyenlytie pow'cr towarf] both glucose and 
fructose disappeared when a sj>eeinian of fluid ^vas incubated foi‘ one liundrcd 
hours. In tlii.s in.stanee udien .sugans wore added to the sugar-free fluid, 75 to 
85 per cent of tlio 2 mg. of glueo.se and appro.\iinat(‘Iy 50 per cent of 1.8 iiig. of 
fnieto.se were destroyed in twenty-four hours. This e.vperiment shows clearly 
that glucose was more rapidly destroyed than fructose when the sugai's were 
added to incubated sugar-free .synovial fluid. The destruction of fructose was 
apjiro.x'imately of the same magnitude n.s was that observed when fructose was 
added to the .same uniroalcd fluid {.see rc-sulfs of Experiment B), but the de- 
struction of glueo.se was apiiareiitly Ic.ss marked than when flic unincubated 
fluid was used. A numl)(‘r of factors affeef the resiilt.s which make us unwilling 
to draw definite conclusions from a compari.son of these cxiieriment.s. One of 
tlie.se is the difficulty in ohiaiuing uniform cellular siisiiensiou. Another is the 
important jiart played in the calculations hy the residual reducing compounds 
present at the time Avhen (he final analy.scs wore made. It has already been 
pointed out that these varied markedly in different experiments, and in the 
present instance they appear to have liocn unusually high. v\parf from such 
technical considerations, it is evident that two different effects may have been 
produced by the ]iroliminary jicriod of incubation. One is a destruction of the 
glucose originally prc.scnt in the .solution, .so that in this insfanec the added 
fructose was the only sugar in the incubated material. The other is that, the 
enzymes themselves may have been altered by Ibc (rcafmciif, and this clinngc 
in the enzyme may have had more effect ujion (he destruction of glucose than 
of fructose. Attempts Avorc made to study Ibis iiroblem by modifying the con- 
ditions in various ways, but it was not found possible to determine dcfinilcly the 
cause of the difi'crencc between the rc.sults of Experiments B and D. 

In E.xperiiiient E are given the results obtained by incubating sjTiovial 
fluid from which cells bad been removed by preliminary centrifugalization. In 
no experiment in Avliicb glucose or fructose was added to the cell-free fluid was 
there a significant change in concentration after incubation, and llie average 
values only, therefore, have been included in Table I. The results of the experi- 
ments in which no sugar was added showed variations which were much greater 
than the probable accuracy of the methods employed, and the results of each 
have therefore been included. It is evident that not only wore the aA'crage 
changes produced by incubation of tlic cell-free fluid smaller tlian those produced 
when cells were present, but also that in separate experiments the differences 
were marked. This seems to prove tliat the glycolytic enzymes affecting both 
glucose and fructose Avere present in the poljnnorphonueleav cells. HoAA'cver, 
tAA'o of a total of fourteen specimens (tAA'o of fiA’e specimens to AA-liieh sugars 
AA'cre not added) sboAA^ed a significant destruction of reducing compounds after 
foitj^-cight hours of incubation, and in one of these two instances. Experiment I. 
this destniction Avas marked. It seems most probable to ns that in these tAvo 
specimens enzAunes bad been extracted from the Icncoe.A'tes, but the action of 
some other source of the glycolytic aetiA’ity cannot be excluded. It should be 
noted that in the studies of Oajori and Pemberton® glycol.Ai;ie acthuty of cell- 
free synovial fluid Avas demonstrated and that this activity Avas mucli less marked 
than Avas that of the uncentrifuged material. 
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In Experiment E are given results obtained when cells were removed from 
a speciman of fluid, washed in nonnal salt solution, and resuspended in the 
supernatant fluid. This experiment is interesting for a number of. reasons. 
First, on the readdition of cells to a cell-free synomal fluid which possessed no 
glycolytic activity (as a control, see Experiment E IV, Table I), a distinctly 
demonstrable glycoEflic acti\*ity was produced. Second, the destruction of glu- 
cose was more marked than was the destruction of fructose. Third, the process 
of centrifuging, wasliing and resuspending the cells had greatly reduced their 
enzymatic power, for the destruction of glucose and fructose was markedly less 
than the destruction in uneentrifuged material (see experiment 0 IV as control. 
Table I) although precautions were taken to have the concentration of the resus- 
pended cells greater than that found in the original solution. In a second 
similar experiment carried out for forty-eight instead of ninety-six hours, no 
destruction of fructose and only a relatively slight destruction of glucose were 
observed. 


Besides the experiments described above, cells from fom* of the six speci- 
mens, including those used in Experiment TV, were washed, resuspended in 0.85 
per cent salt solution, and incubated for periods varying from forty-eight to 
ninety-six hours. No satisfactory evidence of a destruction of glucose or 
fructose added to such solutions was obtained in any of the experiments. This 
was probably due, in part, to the lessening of the enzymatic activity brought 
about by washing the cells illustrated by the experiments discussed in the pre- 
ceding paragraph and in part by the unsuitability of the medium in which the 
cells were suspended. The suspensions to which no sugars were added did, how- 
ever, give some fairly interesting results. "When unincubated, sugar-free cellular 
suspensions were studied, no positive reducing or resorcinol reaction was ob- 


tained, After incubation the average “glucose” content of the four prepara- 
tions was 12 mg. per 100 c.e., and the “fructose” concentration was 1.3 mg. per 
100 c.c. The values in the specimens incubated ninety-six hours were higher 
than those studied after forty-eight hours. "We believe that these apparent 
changes in the “sugar” content, which were almost certainly not due to glucose 
and fructose, were produced by disintegration of the cells. The same conclu- 
sion probably applies, we believe, to the small amounts of reducing compoimds 
found in some of the experiments described in the earlier part of this paper. 


It seemed possible that evidence might be obtained showing that glucose was 
changed into fructose or that fructose was converted into glucose- in other 
words, that a reaction simulating the Lobrj- de Bnum effecE= could be demon- 
strated during glycolysis by poljTnorphonuclear leucocj-tes. All specimens, both 
those containing glucose and fructose, as well as all control solutions, were there- 
fore analyzed by both the reducing teclmique of Folin and Wu and the resorcinol 
technique of Eoe. No evidence of the formation of one sugar from another was 
obtained. All variations of this tj-pe wliicli were observed were of a magnitude 
winch could be properly explained by the gradual increase in the controf values 
lound when suspensions of washed cells were incubated. Of course the formi 
tion of small amounts of glucose from fructose under conditions which wmild 
lead almost immediately to their degradation would not be detected u 

experiments. in such 
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WIkti {jhico.sc or I'lticlosi! wiis iKMrtl fo sIcit'Ic synoviiil /Iiiiti whicii was riVli 
ill poIynu)r|)li()mu'I(‘jir IiTifOt-yfcs, llu* sufriirs wi're dfslroycd. Tlia rate of the 
( lost ruci ion of •rlurosc was at least twice as <jreal as was that of fructose. Tlic 
onzymc.s were })reseul almost wholly in the cells, althouuh they could occasion- 
ally 1)0 demonstrated in the cell-free (luid. The results coiifirm rinalitativciy 
those previously obtained upon cerebrospinal fluid. 

Tltc iiiidior.-; wi!<Ii to e.'ciir(‘>s tlicir (trntitinlf to Mr.t. Klfriedl I'l-nclt .‘^irari for tier tei’li- 
niciil asxi.'ilanrc in tin* l>a<'teriolo;;ic jvhn.uivs of thi“ 
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Q uestions concerning the nature and origin of the lipidolylie enzymes 
of the blood are probleni.s of major inlere.st in phy.siology and clinieal lab- 
oratorv science. Tlie earliest Avork of this kind was thnt of Hewlett’ in 1904, 
who reported that after pancreatic injury there was in the urine an increase 
ill the content of an enzyme which splits ethyl butyrate, or an “esterase"; also 
in one case there was observed in tlic urine an enzyme whiclt splits the fills of 
olive oil, or a “lipase.” Later, von He.ss” (1912), also Hirnma-' (1923), using 
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ethyl butyrate as a substrate, obtained evidence indicating that there is an in- 
crease in the esterase content of blood after pancreatic duet ligation. In 1932 
Cherry and Crandall^ reported tiiat after ligation of the pancreatic ducts in 
dogs, they could demonstrate in blood the presence of an olive oil-splitting en- 
zjTne (lipase), Avhich normally did not appear in the blood stream. Tliey also 
found that the activity of an enzpne nonnally present in blood, as measiu'ed by 
the hydrolysis of ethyl butyrate or tribntju-in (esterase), did not show tmifonn 
increases after pancreatic duct ligation. They, therefore, concluded that the 
appearance in the blood of an enzAune which .splits olive oil (lipase) is a specific 
indication of pancreatic injuiy. 

Cheny and Crandall suggested that the term “‘liiiase” be used to designate 
an enzj-me which splits triglycerides of long chain fatty acids, as are in olive 
oil, and that the tenn “esterase” be used for an enzAune Avhieh splits simple 
esters, such as ethyl butyrate. They found, however, that tributyrin is appar- 
ently split by the same enzAune that hydrolyzes ethyl butyi’ate. 

In 1934 Comfort and Osterberg," using the Cheny and Crandall method for 
estimating senun lipase, reported elevated A-alues for scrum lipase in 95 per 
cent of cases of active pancreatitis, in 36.5 per cent of cases of carcinoma of the 
pancreas, and in 60 per cent of cases of carcinoma of the ampulla of Vater. In 
a later paper® these authors reported essentially the same results n-ith this test, 
hut in addition they found an increased scrum lipase content in 97 per cent of 
cases of disease of the biliary tract in Avhich there Avas an associated pancreatitis. 
Tiiese authors stre.ss the requirement that the test must be made in less than 
ten days after the onset of pain. They conclude that the serum lipase detennina- 
tion is an efficient test for active pancreatitis, but less so for malignant disease 
of the pancreas. 


In another paper' avc have reported a pi-ocedurc which includes greatly im- 
proved conditions for the determination of tlie lipidolnic enzymes of blood 
serum. With this method ive har-e carried nut an investigation in Avhich con- 
ditions Avere set up to study tlie origin of these cnzAmies and their possible rela- 
tion to pancreatic disease. Variations in tlie lipidolytic enzA-mes of the blood 
were folloAved Avith our method using Aa'c different substrates. Since Elman.* 
and others, haA-e found the blood amylase a useful determination in acute pan- 
creatic di.seasc, it Avas decided to make parallel determinations of the .serum 
amylase along Avith the lijiidasc estimations. I'or the amylase detennination avc 
used the method of Somogyi.'' The cat A\-as used ns the experimental animal. 


Four general types of experiments Averc set up. These Avere a study of the 
effect of the folloAA-ing upon the content of amyla.se and li]>idolytic enzymes in 
the blood: (1) cscrine and meeholyl stimulation: (2) ligation of the pancreatic 
ducts plus eserinc and meeholyl .stimulation; (3) pancreatectomy; (4) ]jver 
poisoning hy ehloroform. Wc Avore particnhu-ly interested in finding Avhnt con- 
ditions Avill elevate the blood concentration of these enzymes; Avlndlier or not 
these enzymes have an origin otiier than in the panen-as. ,.\iso. by means of 
the five substrates Used. av<- hoped 1«. obtain data shoAving Avliicli siihsf rate* eonn 
he eonsidered the most reliable for studying I'anereatie dise.-ise- \ ,• * 

of ibe experimental toelmiijnes and rcssulis is giA'cn. fiission 
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KSKItINi; AND MWMIOIAI. STIMUt.ATION 

Experiiiieiil.s willi oseriiio .’hk] iin,'eh(»)yl won- niiTicd out to .st.'iiularcli/'c a 
iiieliiod for .sliinulafiiitr ])an(‘rca{i(.* socrolioii vrJiii.-h could he used for fiirflier 
experimentation. Tlie i)roeedure adopted was as follows; Cats were anes- 
thetized hy injecting intrajan-itoueally 30 inji. of iienil)\ital ])er kilo of body 
M’oight. After anesthesia had develoi)ed. a eonli'ol sample of aI)out 18 e.c, of 
blood was collected by heart puncture. K.scri?ie sulfate and rnecholyl were then 
injected subcutaneously. A single dose of e.scriue sulfate, ranging from 0.125 
to 0.50 mg., was administered, and the do.sage of rnecholyl was 0.05 mg. per 
kilo of body weight injected every half lunii-. Aflfu- three to four houi’s of 
rnecholyl administration a second .sample of IS’ c.e. of Idfiod was collected from 
the heart. 

Large saTn])les of blood w<>i(! <*ollee(ed to be abb- (i! caiay out tests on five 
substrates for the lijiidolytic. enzyme.s. and al.M) to carry out an amylase test. 
Since large blood samj>le.s had to be taken, it was obvious that only two samples 
of IS c.e. each should bo studied willi an animal the size of llic eat to obtain valid 
data; otherwise tlie blood analyses might reflect the I'csult of licmorrhngo. 
Therefore, in most, of the data of this report only two blood samples were an- 
alyzed, the control and the experimental collected at the end of the experiment. 

In Table I arc the results of rnecholyl stimulation in the presence of in- 
hibition of acetyl choline e.sterase action by cserino. In practically every group 
of comparative analy.scs tlicre is an increase in the amount of amyln.se and 
Hpidolytic enzymes in the blood .scrum. A control on this experiment would 
be useful as some blood volume changes might take jdace as a result of the initial 
bleeding, the salivation, or other lo.sses of fluid.s. The nearc.sl to a control that 
could be obtained is the experiment with Cat 2], a depancrcatizcd animal that 
had been healed with insulin. 1’iie incrcas"s observed in this cat arc 12 per cent 
with tributyrin as substrate, 10 per cent Avith triolein, and 1-1 per cent Avith oHa’c 
oil, A’alucs Avliicli arc Avithin the limits of error of this method. In view of these 
results with a depancrcatizcd animal, it appeai-s that the increases in blood 
enzjunes obserA'od after eserino and rnecholyl stimulation of the intact animals 
arc significant and that they reflect principally a pancreatic re.sponse. The in- 
creases in the lijiidolytic enzymes Tioted are e.s,sentinlly parallel with the dif- 
ferent substrato.s; hence no differentiation in these enzymes could be made. It 
is also of interest that the increases in amyla.se and lipida.se arc of the same mag- 
nitude. 

PANCHKATIC nUCT lAGATIOX WITH MKCnOIA’I., STIMULATION 

The results of experiments Avith pancreatic duct ligation are shoAvn in 
Table TI. In these experiments cats aa-ci-c anesthetized Avith nembutal and a 
control sample of blood aatis taken from the heart. A laparotomy Avas per- 
formed and the pancreatic duets aa'ci-c doubly ligated and cut betAveen the liga- 
tions Care aatts taken to ligate all ducts from the pancreas and not to obstruct 
the bile ducts. The abdomen AA-as closed Avith sutures and skin damps. Bserine 
and mecliolyl were administered n.s described above. After tAvo to five hours of 
Inecholvl administration samples of blood Avere eolleeted. All bloods were 
analyzed for amylase and for lipidolytic enzymes with five substrates. 
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Tliis oxjioriiiiciil was done to sitinilnte t'onditions tfiat probably exist iu an 
active ])a?u;rcatitis wliorc olist ruction occuin. A marked increase in ninylnse 
and iijiidase was observed. The increases in amylase and lijiidase are of csson- 
tially the same mafjnitudo. These exiteriinenls show that pancreatic enzymes 
readily pass into the iilond stream when the flow of external secretion of the 
pancrcase into the diiodonnm is blocked. They do not indicate any difTcreneo in 
sensitivity of response of amylase as eomjiared with lipidase. 'With the five 
substrates for lijiidolytie enzymes, the ordm' of .sensitivity of response was the 
same as in normal eat serum. Tributyrin was .sjdit most rapidly; benzv'l 
butyrate wa.s next; and ethyl butyrate, olive oil. and triolein were the least 
sensitive to the sidittiinr action of the enzymes present. Thii.s, a differentiation 
in the lipidolytic enzymes that appear in the Idood .serum after paiierontie duel 
ligation is not shown by (hose oxperinionis. 

Tin; r.i'ri'CT or !'antri;ati:cto.mv 

The origin of the amylase and lipiilase of the blood is a question of consider- 
able importance. Somogyi'' lias presented convineing evidence that nmyia.se is 
produced by the liver and it is well known that amylase is .secreted by the sali- 
vai'y glands. The effect of pancrenlcctomy on the serum amylolytic potency has 
been investigated by a mimbor of laboralorie.s.^®'’''’ Rejiorts upon this work are 
in good agreemonf in regard to a .sharp posfo])erafivc drop in scrum amylase 
concentration, but there arc conflicting results as to wliothcr or not the serum 
amylase value returns to normal with control of the dinbete.s by imsulin. In as 
far as wc Iniow, the effect of paiiercatcetoniy upon the concentration of lipidolytic 
enzjTnes in tlic blood has not been reported. AVe, tberoforc, decided that a 
study of the ooiicontration of .scrum lipida.se and amyla.so in cats following pan- 
createctomy would be of interest. 

Pancreatectomy was performed under nembutal anc.sthesia, and the diahete.s 
was controlled by insulin administration. The data obtained in these experi- 
ments are shown iu Taiilc III. The results in the experiment with Cat 27, in 
which blood was collected twenty-four houi-s after pancreatectomy, do not show 
variations that could be considered outside the limits of experimental error. 
Considering tlic otljcr experiments as a group, tlie data show a decrease in the 
values for amylase aJid lipidolj'tic eim-mcs, following pancreatectomy, with a 
mixed return trend toward pi'coperative levels. No conclusion seems war- 
ranted from these results oilier than llie very definite observation tliat amylase 
and lipidolytic enzymes do not disappear from the blood serum after pancreatec- 
tomv. This observation is iu agreement with other work regarding tlie effect of 
pancreatectomy on the amylase content of serum and it appeaivs to be a now 
finding concerning the lipidolytic enzymes of tlic blood. 

The results of these studies, together with those of Table If, lead to the 
conclusion that the lipidolytic enzymes of the lilood liave an cxtrapancreatic as 
well as a pancreatic origin. 

CHLOROFOKJr POISONING 

It has been reported by several laboratories^- that the li\-er does not. 
produce an enzyme which splits the lipids of olive oil. We have obtained in- 
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roriiiatioM in ninwiin'iit with (his fiiuliii!:: :i <flyc('r()l oxlnict of iivcr was found 
to split olliyl Imtyratc. hoiixyl hutymtc, and (rilnilyrin. bid not olivo oil. In 
view of tho.sc findiiisis, it was htdiiwcd dcsiralilo to furry out livor iiolsoninti ox- 
pcriinonts which niii'ht offer siifitrcstions upon (he inlhn'iico of the livi-r, when 
di.sousfd, upon the concentration of lipidolytic enzymes in the blood. The use 
of chloroform scfmc(] indicated, since this eomjionnd has a primar.v toxic effect 
upon the liver. 

In these experiments cats were anesthetized with nembutal, and control 
samples of blood wen* colleeteil from the heart. t.'Jiloroform dis.solved in olive 
oil was in,iee(ed subcntaiu'ously, (he d^isatre beini: 1 <•.<■. of I'.fs.I*. reagent per 
kilo of body weij.dit, Samiiles of blood were collected at times varyiii" from 
oijrhteen to forty-lwfi hours after in.jection of chloroform. All blooils were an- 
alyzed for amylase and foi' lipidolytic cnzyim-s by five substrates. 

The results are .shown in Table TV. The sei-um am.vla.se deei-ea.sed in all 
('Uses. The triolein and olivc' oil-si»liflin<r enz.vmes showed a vor.v slitrht de- 
crease, 1h(' sifrnifieaiice of wliiidi is uncertain. A marked incirase in the enzyme, 
or enz.vmes, of serum which split tribut.vrin. ethyl but.vrate, and beiiz.vl butyrate 
oeeuri'cd. The.se ir.sults arc (if considcnible int<'re.s( because the.v .show a dif- 
ferentiation in the lipidol.vlie enz.vmes of flu* blood; in an e.vfierimentnl pro- 
cedure upon (he intact animal, (he enz.vme, or enzymes, whicli split esters and 
tribut.vrin (e.steraso). wore, found to be increased in the blood serum, while the 
enzyme, or enz.vmes, which split triolein and the lipids of olive oil (lipase), 
remained at aj)|iroxiniatel.v the same or a sli<rhtly lower h'vel. This is .irood 
evidence in favor of the a.ssumption that theri> an* in the blood two lipidol.vtie 
enz.vmes, or jiroujis of enzymes: namel.v, esterases, which s))li( sim]de e.sters and 
.short chain fatt.v acid t ri^d.veeride.s. and lipa.ses which li.vdrid.vze t rifrlyeerides. 

The most obvious conclusion coneernine- the increase in (he estcra.se activity 
of the .serum in chloroform poi.sonin«: is that it is ji ivspniiso to liver dama.ue, 
althoutrh chloroform niiiy have a toxic oft'ect \i]>on other orpins or ti.ssues which 
would be reflected b.v chanfres in the enz.vme concentration of the blood, itfore 
work upon this phase of the problem should lead to intcre.stinix results. 

Di.scrxs-sio.v 

Tlie cx])ei'imen(.s de.seribed above were designed to get information upon the 
origin of (he am.vlol.vtic; and lipididylic enz.vmes of the blood, and to study the 
relation of the ])ancrca.s and the liver to the ciiaudatiug level of these enz.vmes 
in the blood. It was also thought that the use of five .substrates for the estima- 
tion of the lipidolytic enzymes might .vicld evidence eoneeruing the identit.v of 
these. enzymes. 

Stimulation with mcchol.vl in the pre.scnce of eserine, witii and without jian- 
ereatic duet ligation, caused marked ineroa.ses in the amylolyfie and lipidolytic 
enzvmes of the blood of eats. The increases -in am.vlase and in lipidaso were of 
the' same magnitude, and there was no essential difference in the re.s])onses 
measured by the five different substrates for the lipidol.vlie enz.vmes. These 
re.sults demonstrated that there is an increase in enzjmies of pancreatic origin in 
the blood when a strong vagal stimulus Is applied and when pancreatic duct 

occlusion occurs. 
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l’riiu;rca1ectoiiiy exi)t!)’iiii(:ii)s rcsiilhKl in sonic flecrwisc in amylase and lijiid- 
olytic enzymes in the serum Avitli irr<‘gular return trends toward normal levels. 
These expeinments showed that both the “esterase” and ■' lipase ' types of en- 
zymes in the blood of the cat have an ext rapancreatic soui'ce in addition to their 
panci'eatic origin. 

Experiments in which cats were poisoned with chloroform showed a de- 
crease in serum amylase and a very slight decrease in the enzyme, or enzymes, 
of the serum which split triolein and the lipids of olive oil. Sera from the same 
animals, however, showed an increase in the enzj-mes which .split tributATrin, 
ethyl butyrate, and benzyl butyrate. These experiments gave data which in- 
dicate a clear differentiation between the so-called “cstera.se” and “lipase” of 
the blood serum. Since chloroform has a primary toxic effect upon the liver, 
these results raise the fiuestion of whether or not the “lipase” detennination, 
published by ourselves and others, might reflect the presence of liver disease as 
well as pancreatic injun*. This f{ne.stion may be ansAvei-ed only by clinical 
studies. 

SCJOtARY 

1. Experiments upon cats have been carried out w'hich Avere designed to 
obtain information upon the origin and identity of the lipidolA-tic enzAunes of 
blood serum. 

2. Stimulation Avith mccholyl in the presence of eserine, Avith and A\ithout 
pancreatic duct ligation, caused marked increases in the concentrations of amylo- 
l.vtic and lipidolytic enzA-mes in the blood. 

3. Pancreatectomy resulted in postoperative decreases in senun amyla.se 
and lipidase, Avith mixed return trends toAvard normal Ica'cIs. These experiments 
demonstrated that tlie amylolytie and lipidolytic enzAmes of the blood haA'e an 
extrapancreatic source in addition to their pancreatic origin. 

4. Chloroform poisoning caused a decrease in senmi amylase. With re- 
spect to the lipidolytic enzymes of the serum, a dissociation of effects AA-as ob- 
served : The triolein and oHa-o oil-splitting enzymes siioAA-ed a A'eiy slight decrea.se • 
and the enzj-me, or enzymes. Avhich split ethyl butATate. benzA'l butyrate, and 
frihutyrin, Avere definitely increased. The latter behaAior is eAddenee in faA- 02 - 
of the existence of bolli ‘•e.sterase” and ‘‘lipa.se” in blood .serum. 
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INTRAVENOUS l.N.JECTIONS 01-’ SOLURI>E TIN COMPOUNDS* 
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Oi.kvkba.ni), Ohio 


T here are no coiiiitlolo .slttdio.s of llio (iisifilnilioii of tin in tlio orfnm.s I’ol- 
lowhtg intravenous in.iedion of tin eompoinids. Aeeordingly, wo adapted foi' 
toxicologic study tiic (olneno :i,4.dilliiol tnolhod tiovolojiod i)y Clark' and ex- 
tended to canned foods by DcGiacomi.- Wo also I’omid it nece.s.sary to prepare 
tin compounds suitable for intravenous in.iootion. The results of the.se .studie-s 
are reported in this paiicr. 


.MKTiion or duteu.min'i.vo tix 


Preparation and Hiornpe. of Taluc.nc-S-J-dit/iwl . — We obtained tlie eoni- 
pouud, which is not on the market, by first ])reparing sizable batches of sodium 
toluene-3, 4-disulfonate (3) and, then as (lie occtision aro.so, by converting small 
amounts of this to the dilliiol (3). The distilled product Ava.s stored in a dark 
refrigerator. 

Ditiiiol Solution . — A 0.2 per cent solution of ditliiol in 1 per cent aqueous 
NaOH containing 0.5 per cent Ihioglycollie acid remains clear for several da.v.s 
when kept in the refrigerator. The solution should he discarded when turbidity 
appears. 

Standard Sn Solutions . — Reagent gi'ade tin metal is dissolved in concen- 
trated HGl containing 0.5 per cent thioglj’collic acid so that 1 c.e. represents 
1 m". Sn. Tliis stock solution keeps indefinitely. For use in the analytic pro- 
cedure, the stock solution is diluted with 0.5 per cent thioglj^collic acid in dis- 
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tilled water so that 1 c.c. I'epresents 0.01 mg. Sn. This solution should he pre- 
pared fresh each day. 

Bange of Color.— hi the range of 2 gamma to 20 gamma Sn there is a pro- 
gressive increase in color, and the unaided eye readily detects differences of 3 
gamma. In our experiments this sensitmty is 5 times greater than with the 
molybdenum-blue method.'* 

Procedure. — ^Fresh tissue (5 to 100 Gm.) is dissolved in a minimum of con- 
centrated HNO3, evaporated to drjTiess, and placed in a muffle oven at 500 de- 
grees Centigrade until the charred organic matter is removed (usually twelve 
to sixteen hours) . The ash is brought to fuming with 5 c.c. concentrated HoSO^, 
and heating is continued until solution takes place. After cooling, the mixture 
is neutralized with NH^OH, acidified with HCl, diluted to 100 c.c. with dis- 
tilled water, and -finally brought to proper aciditj' by adding 2 c.c. of con- 
centrated HCl. Hydrogen sulfide is passed through the mixture for hours, 
and the precipitate is collected on a Gooch crucible. The precipitating flask is 
rinsed with 30 c.c. of 10 per cent aqueous NaOH followed by distilled water. 
Each rinse is passed through the crucible. HCl is permitted to seep through 
until the filtrate is acid to litmus; then distilled water is passed through. The 
final volume is adjusted by evaporation or dilution to contain not less than 0.5 
gamma nor more than 100 gamma Sn per c.c. To an aliquot of 5 to 10 c.c, in a 
tube there are added 1 drop of tliioglycoUic acid, 0.5 c.c. concentrated HCl, and 
0.5 c.c. of dithiol reagent. A like amount of tin standard solution is treated in 
the same-fashion. Both tubes are immersed in boiling water for ten seconds and 
the colors are compared directly by light reflected from a white background. 
The red color is discharged by various organic solvents (i-amyl acetate, i-amvl 
alcohol, n-butyl alcohol, di-n-butyl ether, carbon disulfide). 

Factors Influencing Amount of Sn- Recovered. — 1. Muffle Heating for twelve 
to sixteen hours at 500 degrees Centigrade in the presence of H„SO^ or NaOH 
did not rcLvl. in loss of Sn. The presence of HNO, resulted in lower values 
which were i\ dored to practically complete recovery by heating the ash -n-ith 
concentrated HHO, to fuming, then neutralizing with alkali, and finally 
acidifying with HCl. The recoveries were made on duplicate samples in the 
lange of 5 gamma to 100 gamma Sn. 

2. Sulfldc Precipitation i-esulted in a loss of Sn. 'With 50 gamma to 1 ni”- 
the recover^' was 96 to 100 per cent; at 10 gamma the recovery was SO to 90 per 
‘■eut ; at 5 gamma it was 60 to 70 per cent. 

3. Presence of Animal Tissue accounted for still greater loss of Sn in the 
lower ranges. A'ith 100 gamma to 2 mg. the recovery was practically complete- 
with r30 gamma it was 90 to 94 per cent; with 5 to 30 gamma it was 60 to SO per 
cent. Consequently the method has only qualitative significance if the sample 
contains 50 gamma or less and is doubtful at a gamma. 










S(flnn.'c curie Acid was prepared by adding 5 c.c. stannic cbloride ('auLvdrou.o fn -.r. 
<'111. of snduim curate .11 11,0 dissnlvod in 40 c.e. of distilled n-.-Uer The ^ i 

'Vus by tlie nddition of 10 volumes of Po per cent ethvl 'ilcn 7 .n 1 t ^ 

"as filtered and tlio white precipitate rcpeatc-Ilv washed with <^0 nor cent \j 

by the dithiol method gave CO per cent Siu The product formed aqueous ito'onf 
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Kid. = Kidney. 

• = End oC Injection, 
d = dnyn. 

K = Sacrlflced. 

W = Weeks. 
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from which the sulfide was precipitated very slowly with H.S. The aqueous solution. (12.5 per 
cent) was acidic and 1 c.c. required 5.72 c.c. of K/10 JCaOH for neutralization. For injection 
only neutralized solutions were used. 

Stannous Citric Acid (20 per cent Sn), prepared with stannous chloride and precipi- 
tated as just described, flocculated when neutralized. Consequently the acid form was in- 
jected. 

INTRAVENOUS INJECTION IN RABBITS 

Stannic and stannous citric acids were injected in.stead of tin salts since 
the latter are liable to produce eolloidoelastic shock. Neither compound in solu- 
tion flocculated with rabbit serum, 10 per cent egg white solution, nor with 
Ringer’s solution at pH 6.0, 7.0, or S.5. Neither did they hemolyze mammalian 
crj'throejdes. 

Death usually occurred during intravenous injection of solutions of either 
compound in about twenty minutes; when approximately 500 mg. (100 mg. Sn) 
per kg. had been introduced at the rate of 0.5 c.c. per minute. Tremors ap- 
peared when 25 per cent of the fatal dose had been administered; flaccid 
paralysis when 50 to 60 per cent had been administered; and terminal tonic 
and clonic convulsions toward the end of the injection. The viscera, especially 
the lungs, were severely congested. The acutely fatal dose is practically the 
same as for sodium citrate. Animals which received only 50 per cent of the 
acutely fatal dose responded ivith a brief period of excitement followed by 
lethargj', from Avhieh they recovered and showed no further sv-mptoms until 
death four days later. At autopsj* the kidneys were pale and granular. No 
edema was seen. Animals which received 25 per cent or less of the acutely 
fatal dose survived until sacrificed about one month later. 

ORGAN CONCENTRATION AND FATE OF THE INJECTED TIN 

Our data in Table I are too few to warrant detailed deductions but point 
to the similarity of tin to heaAT metals, " especially bismuth. In general the 
amounts of Sn in the kidneys, and lungs, the intestines, and the bile dimini.shed 
progi-essively with the time after injection; but those in the livers, and the 
spleens increased before they decreased. Animals that died during injection, 
or shortly after, had Sn in all organs and fluids that were examined; but after 
three weeks only spleen, liver, and kidney had amounts sufficient for analysi.s. 
The kidney probably loses the metal last. The kidneys, except in Rabbit 1, had 
a considerably greater concentration of metal than did other organs. The con- 
centrations in the intestines and the bile did not exceed those of the urtne. Tlir. 
spiral valves of the intestines were not involved in detoxification since tliev did 
not liave high tin concentrations and had no depasit of tin sulfide. 


CONCLUSIONS 

1. Dithiol is applicable for quantitative analysis of tin in tis.sue.s. 

^ 2. The method is quantitative for samples containimr at least 50 irjuiuna of 

3. The .sojourn and concentration of tin rc.sc,„l,],. 

bbnuuh. ■ ’ 

4. The organs tolerate relatividy iii::h concmit rat ions of tin 
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0 . Tin is excreted rapidly fnllowiii!' inlnivenons injection. 

G. Stininie citric ncid ;md stnnnoiis citric neid jjossc.ss low toxicity. 
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LABORATORY METHODS 


QENERAL 


DEMONSTRATION OF TUBERCLE BACILLI IN TISSUE 
BY FLUORESCENCE MICROSCOPY* 


Germain Crossmok, B.S., and Erich Loeaveksteix, Ph.T)., Rochester, N. Y. 


A t THE present time there is much interest in the identification of Mycohac- 
Urium tuberculosis in smears of pus, sputum, and body fluids by staining 
■with a fluorescent basic dj-e, auramine 0, and exa m i n ation of preparations in 
iiltraviolet illumination. The staining procedure is similar to the Ziehl-Neelsen 
method with the substitution of the fluorescent dye, auramine, for basic fuchsin. 
Thin smears are stained Avith earbolauramine u.sually at room temperature. The 
preparations are decolorized Avith acid alcohol, washed Avith Avater, and examined 
drj' Arithout a coA'er glass by means of the fluorescence microscope in ultra' 
A’iolet light. Hagemann^ in 1938 introduced this method. Since this publica- 
ben, a number of papers-’ ’’ haA’e been Avi-itten confirming his 

results. These authors consider this method superior to the Ziehl-Neelsen tech- 
nique for the detection of the tubercle bacillus in smears of .sputum, pu.s, and 
body fluids for the folloAving reasons ; 

1. The staining method AAuth auramine is simpler than AA'itli basic fuchsin 
(Ziehl-Neelsen). Smeai-s can be stained AAuth earbolauramine at room tempera- 
ture, Avhile steaming carbolfnehsin is usually neces.sary for the Ziehl-Neelsen 
method. 


2. Auramine, a di-phenyl methane basic dye, is i>robably a more specific 
stain than basic fuchsin for acid-fast organisms. (The number of tubercle 
bacilli stainable AA’ith earbolauramine appears to be greater than AA-itli carbol- 
fuchsin.) 


3. Jlorc tubercle bacilli are detected in smcais stained Anth earbolauramine 
than AA-ith carbolfnehsin. Self-luminous, yelloAv fluoreseent tubercle bacilli 
stained Avith the fluorescent dye. auramine, arc more ea.sily .seen auainst a dark 
background than rcd-staincd bacilli on a blue background. Bouen" i-eport.s in. 
1,000 duplicate smcai-s stained in ])anille] by the Ziehl-Neelsen and fluoreseent 
method s, there Avere over 20 pc?- <-ent more positive tc.sts by the ncAver technique 


•From Uio .-Kill .s,i. ntiJli- 15iir.-ui of 

for inUjIIcntlnn. S. 11*12. 


I-'ii'rh A- Oi.tlr-.-,] co. 
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THI': .JOUKN’AI, or liAllOUATOKY A.VD OMNICAI. JimiCINi: 


Lind and .Sliauylim‘.s.sy'' in an exaniiniition of 1,J23 smoai's by means of tiie 
Ziehl-Neeisen and fhioreseeiice nioOiods found JOG to Jx* fxisili^v.*. Tnelve of 
these pvo])ara(ions, jmsifive hy (lie (luoroseetiee molliod, were nefrative by (lie 
Zielil-Xeelsen nielliod. They also stale that Iieeause of tlie lar<:er areas covered 
and ease of examination, the time mjiiireii was reduced to nne-foiirtli or one- 
third tliat required for tlie Zielil-Xeelsen method. 

4. Smcai-s are examined for tubercle bacilli in much less lime. An oil im- 
mersion ob,icelive with a lOX eyepiece provide.s the. usual mairnifieation {930X) 
for examination of .smears stained by the Ziehl-Xei'l.sen method. Tiihcrele 
baeilli stained ivith auramiue appear as yellow, fluorescent bodies on a dark 
field. The fact that the baeilli become .secondary liirhi sources .serves to ineroasi! 
the contrast. Therefore lower mafrnifieation may be u.sed, and thus a lamer 
field may be examined at one time. 

The fiuore.secnee .stainiiifr method as u.sed for smears of sputum, juis, and 
body fluids may be modified for the detection of Miicohnr.tfnum tulrrculosh 
in fixed tissue. The staining tcehnifjue, equijimeiit, and method of examination 
are as follows: 

.STAixiKu .Mirnioi) 

3. Fix tissue in 30 jier cent neutral fonnalin for twelve to fwenty-foi”’ 
hours. Commercial formalin may be neutralized by the addition of marble 
chips a few days prior to fixation. 

2. Dehydrate eomplotcly, imbed in jiaraflln and cut sections on a mierotoine 
at 6 to 30 microns. After removal of parallin with xylol and iia.ssasxe thromrh 
alcohol to watei', ])laeo .sections in earbolauramiue. Since pai’afiin Avill fluoresce, 
it is essential that it be entirely removed by xylol. 

Auramine 0 (Xatioual Aniline) 0.1 Gm. 

Distilled water 100 c.c. 

Liquefied ]ihenol U.S.P. 4 c.c. 

The auramine 0 is dis.solved in the distilled water by shaking strongly in a 
flask. Gentle heating will hasten its solution. Whon the auramine is dissolved, 
the liquid phenol is added. 

Tlie application of heat .shortens the staining time and usually increases 
the intensity of the stain. The following staining times ai’c suggested: 

Room temperature 30 minutes 

Incubator 37° C. 15 minutes 

Paraffin oven 55° C. 10 minutes 

Gentle steaming of slides flooded 

with carbolauraminc 3 to 5 minutes 

4. Wash the preparations briefly in several changes of distilled water. 

5 Decolorize in 95 per cent ethyl alcohol containing 0.5 to 1 percent hj'drp- 

chloric acid until the preparations are quite colorless. The time for decoloriza- 
tion does not usually require more than forty-five seconds. Two to three 
• changes of acid alcohol should he used for this dccolorization. 
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6. 'Wasli pvoparalvoiis in distilled water. 

7. Transfer to 0.1 per cent aq«eou.s methylene blue, eertiticatiou No. 18 
(NationaV Aniline), C.I. No. 922. Sections are stained from thirty seconds to 
one minute. As with the Ziehl-Neelsen method, the methylene blue removes any 
earholauramine not removed by the acid alcohol with little sacrifice of the in- 
tensity of the auramine in the tubercle bacilli. In addition, by staining the 
tissue the methylene blue masks the natural fluorescence of the tissue and forms 
a dai’k background for the yellow, luminous tubercle bacilli. 

8. Sinse in distilled Avater. 

9. Dehydrate, clear in xylol, and moimt in xylol-elarite. Most mounting 
media, including balsam, fluoresce in ultraviolet light. Tissue preparations are 
usually examined dry without a cover glass or mormted in nonfluoreseing media 
such as distilled water, glycerin, or medicinal mineral oil. Although xylol- 
elarite fluoresces slightly, preparations mounted in this medium are pennanent. 
In addition, its refractive index 1.515 is more favorable for the examination of 
stained elements. 



Fir. 1 , — Equipment for Buorescence microscopy. 5Iercur>- vapor lamp, ultraviolet 
filter, Abbe Condenser 1.25 N..A.. dark field stop 15 mm. diameter. 


tran.smittine 


Any microscope (see Fig. 1) having a magnification of 430X and suitable 
fur the examination of biologic material can be used for this work. The standard 
'uedical microscope is suggested. Although not absolutely necessary the 
unlmavy .silvered gla.ss mirror should be replaced with an aiuminized mirror 
for hotli glass and silver absorb ultraviolet. ’ 

As a source of illumination a mercury vapor lamp with iris diapiirarrni -ind 
hiter holder is suggested. An ultraiiolet transmitting glass filter and a dark 
iield stop complete the equipment neees.sary for examination. 


Tin; .lOt’ltN.M, 0|- lalHlK.VTOItV AN'I) CMNUMI- .MI.DKII.Vi; 


m'2 


MITHdti Of fXAMt.VATtON 

TJic ])rui)ai'atioiis aia; licsl t'.\atniit<'<l liy fucldsiii*; (iircc sidfs uf tlic micro- 
scope with a shield to exeindo exfi-aneous linlil. A drop of iioaflnore.secnt 
sandahv(tod oil or .Shillahor's Iiiitueishm Oil is placed helween 1 he slide ami con- 
denser. The beam of liphl from the mereiiry vapor lamj) is centered on the 
inicroseojie mirror, and the condenser is focused up iitid down until a miiforin 
distrilmlion of lipht, is obtained in the mierosco/a* field. The best condition 
is oblained when the subslape condenser forms an imaye of the front aiiertnrc 
of the lamj) in the ]dane of the specimen. A dark fiidd stop is placed in the 
slotted ring below the snbstage condenser. Low power magnification with aX 
or lOX eyepiece and Ki mm. objective is usually employed for the initial ex- 
ploration. The ohserver should search for any luminous yellow bodies on a 



2. — PlJotoniicro^?r.*ipIi of tubercle l»icIIII In lunp tlsfjue, Ai)ocIii*cimatIc objective S.3 mm., 
(>.(».■» N.A, Kyeplrce JOX Hyperpb*n<‘, IMa^iiincntion •IbbX- Kxpopuro time: 7\(i minute.*’*. 

dai'k field. Provided the .staining teehniipio has been properlj' emplo.ved, the only 
luminous structures in the field will be tubercle bacilli. A higher magnification,. 
5X or lOX eyepiece with 4 mm. objective, should now be used to inspect the 
morphology more closely. Tubercle bacilli appear as thin, yellow, luminous, 
sliglitly curved rods on a dark background. (See Figs. 2 and 3.) 

Variations in the method of examination will be suggested to the ohserver. 
For examine, one may prefer to use an 8 mm. ob.iective wit h a 20X ocular, or for 
higher magnifications, a 15X or 20X eyepiece with the 16 mm. or 4 inm. objec- 
tive. Although an oil immersion objective is not necessary, it may be used even 
in an uudarkened room with a 5X or JOX ocular using Sliillaber’s immersion 
oil sandahvood oil, or synthetic oil of wintergreen between the slide and objec- 
tive ' If desired, preparations may be fii-st focused and e.\'amined in visible 
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light by using a daylight filter or a grovind. glass and bine filter. This vrill show 
the nuclei of the tissue cells and other basophilic elements that may be present, 
stained blue by the mctliylene blue. In the ease of smears of sputum, pus, and 
body fluids, the blue staining of the nuclei of leucoc>*tes can be observed. If 
many tubercle bacilli in the prepai-ation are concentrated at one spot, it is even 
possible at this time by partially closing the diaphragm and using a high 
dry 4 mm. objective to locate this auramine-stained area in msible light. It ap- 
peal’s as a pale yellow area on the methylene blue background. According to 
Gage,^^ a long card smeared with anthracene in a strong solution of cane sugar 
and dried makes a good detector for focusing the beam upon the aluminized 
mirror, and a similar preparation on a corex glass slip serves well for making 
sure that the ultraviolet is passing up through the condenser to the place where 
the preparation is to be located. A piece of fluorescent glass or cellophane 
might be used just as well for the same puiTiosc. 



Distilled water or glycerin docs not fluoresce, and altliough tlioir refractive 
index is not that of immersion oil, they can be used in place of sandalwood oil 
or Shillaher’s Immei-sion oil to make contact between the slide and condenser. 


SUMM.VUV 


A staining method and equipment® for tlie detection of tubercle bacilli in 
tissue is described. Tissue sections 6 to 10 microns are stained nitb' carbol- 
anramine solution and decolorized with acid alcoliol. Prepnntions arc counter' 
slai^l with metbyleiie bine, ddix drated. edeared. and mounted in xylol-claritc 


Duinilnizoil 


Dqulpnn-nl, incluiUnc nu'fcur>- vapor lamp, Oaik 
inirmr m:iy Iv' obtnin»**l from Bnupch /< I-omb Optical 


rn’’’ “lil-M 

Rochester. V 


njj/I 


Tin: JOCHNAI. Ol- LAllOHATOUY AND CI.INK^Ah Mi:i>I<:iNi; 


J3r)4 


for iioniiauont. preparations. Distilled water, trlyeeriji, medicinal inincnil oil, 
or Shillnbcr’s Tininersion oil may also bo used as mount inir medium, provided tlin 
cover gla.ss is scaled with siiellae or paraflin wax. Tlie ])roitai'ations are e.xaniined 
witli ultraviolet radiation usinu low power matrni beat ion (oOX or IflOX) and 
a dark field stoj) for the initial examination. Jli^lier magnification (430X) is 
ncce.ssary to check the morpludoiry of stained element.s. Tubercle bacilli appear 
as thin, yellow, luminous, slightly eurvetl rods on a dark baek;j:round. 

Tlic staininjr method and fluorescenec niieroseojie have also proved satisfac- 
tory for the detection of Mitrohdctn-ium luhrrruhtsis in sputum, pus, ami body 
fluids, (dm* of us, Drich l,oewenstein, has successfully used this method for fill* 
detection of lepra bacilli in smeai-s. 

W(.' inknowl.MK-c with tliimk.-- tli- .•i.s.-l.HO.tK- ..f -Mr. J. A'. I!i)tt<'rfl-M of the Schntin.,- 
liufi'jiu Ilf Jinu.-H'li Ixiinh for lii’ikliit; U)‘- |ihotoiiilrroirc.‘i|ih.i .«ho«'ii In llil« |.:il«-r. 
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AN BIPEOVEJreNT OF THE SEROLOGIC KAHN REACTION IN THE 

SPINAL FLUID® 


F. Rapi^apokt, Ph.D., and D. Rapp.u*ort, Ph.D., Petah Tiqva, Palkstixk 


'T^HE Kahn test is carried ont with ease and gives very reliable results in 
A serum. In spinal fluid, however, various difBculties arise, so that other 
methods have been preferred. These difficulties result mainly fi’om the attempt 
to concentrate the effective antibodies through precipitation n-ith ammonium 
sulfate, as recommended by Kahn himself. In this method, the spinal fluid is 
mixed A\ith an equal quantity of a saturated solution of ammonium sulfate and 
well shaken, thus precipitating the globulins. Inactivation is obtained by 
heating the mixture at 56° C. for twenty minutes. It is then centrifugated 
at high speed and the supernatant fluid is poured oft'. 

The folloNAung factors may lead to inaccuracies ; 

1. A certain quantity of antil)odics may be dissolved in the supernatant 
sulfate solution, and when the latter is poured off, they are lost for the 
reaction. 

2. The spinal fluid may be poor in globulins, so that, although it may be 
rich in antibodies, only a fraction of them is precipitated together with the 
present amount of globulins. 

3. The salt concentration should always be the same and should be re- 
produced exactly. The considerable quantity of ammonium sulfate which may 
remain in the precipitate obviously changes the salt concentration in which 
the reaction is going to take place. 

4. Finally, the scarcity of albumin in the spinal fluid may lead to a 
pseudopositive reaction, for the flocks of the antigen which are normallv dis- 
solved in serum may remain suspended in a fluid poor in albumin. 

Considering that the inaccuracies mainly arise from the attempt to con- 
centrate the antibodies in the spinal fluid, Ave developed a method for spinal 
fluid, similar to the one used for serum. 

Reagents employed : 

I. a. Kahn antigen 

b. 0.9 per cent NaCl .solution 
II. A reliable nonluetic senim (Kalin negative) 

The antigen is thoroughly mixed with the .salt solution to the given titer 
and left to ripen for at least ten minutes at room temperature. 


riiocEncRE 


Pour 0.1 o.c. of .serum (reagent II) in each of 
niaetiv atc it at 56° C. for twenty minutes, together 


two small test tubes and 
Avith a little more than 


•rvom till' nit)or!itor>- ot th'- UplUnFon Ho.epit.-il. r<'tih TiVjvt 
lU“Ool\vtl for publication. Aumu^l 3, 1912. * 
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1.5 (’.(*. of .sjiliiii’ .solution. Hciiiovo Ih1m*.s from wntoi' Imlli Jiinl fool 
to room t(‘mpcr;itnr<‘. Adil 0.01 <■.<•. of llio ripoiifii antit'i'n (I) to fucli 
of the serum tulio.s ami shalco hy luiml tu- shaker for tluvc mimitfs. 
A^Ul 0.5 f.f. of spinal (luhl to tme (nlie lunl l.O e.c. to the otlior, and 
amiin shake for three minutes. The reaction is now read in the nsnal 
way. If a iiroei])i(a(e has formed only in (luf tnlie eontaininj? 1.0 c.e. 
of .spinal lliiid, the reaction is weakly positive; if in hotli tul) 0 .s, it is 
considered .strongly jio.sitive. If only .small ipianlities of siiinnl lliiid 
arc at dispo.sal, tin* test may he made with one dihe and 0.75 e.e. of 
spinal fluid. To make the reaction more clearly visihle, it is ad- 
visahlc to eeiilrifum’ at a hi^h sp<‘ed for ahout ten minutes. If (he 
reaction is jmsitive, a precipitate on (he hottom of the test (nhe is .seen, 
the .supernatant Jluid heiii" tran.sparent, Aftei- shakin;r (he te.st tula', 
the flocculation is ilistinetly vi.silde. In ca.se of a nc'iative reaction 
the fluid remains turhid and there is no i»reeipitate. For measuring 
accurately (lie small amount of anti'^en, we use a 0.200 e.e.. sero!o;:ie 
jiipette with a hont tip (Fi*;. 1). which enahle.s us to direct the fluid 
to one .s])o(. Hy u.siii'r tliis pipefti*. dispei-sion and lo.ss of suhslance 
on the wall of the test tuhe are iirevented. 

In order to jirove that the spinal fluid itself does not aflVet or 
motlif.v the reaction, we added to -I test tuhes containing: 0.1 c.e. of 
inactivated K'ahn positive .serum, the nsnal (pmntity of anti'ren. After 
shakintr the tubes, we added to two, 0.5 e.e. and 1.0 e.e. of neirative 
spinal fluid, and to tiie other, two equal (piantities of salt .solution. 
The reaction in both cases was the same in character and in dootree. 
Ncfiative .sera treated with nc'rative siiinal fluid never pave positive 
results. 

A scrolotrie, reaction for <;onocoecus and ecliinocoeeus antibodies, 
based on the same principle, will be reported shortly. 



Flp. 1. 



EFP'ECTIVE JIETHOD FOR ANESTHETIZING SjilALL ANBIALS* 


ILvrold Jil. ILvplan, Ph.D., Cajusridge, ]Mass. 


TN THE laboratory investigation of clinical problems in which small anim^ 
1 are utilized, the problems of straggling and restraint are present. The dif- 
ficulties arise particularlj’ in carrj'ing out ether anesthesia without adequate 
assistance upon animals such as the cat. 

One can readily work alone without difficulty by placing not too docile an- 
imals within a wooden box. If the dimensions of length, height, and width, 
respectively, are about 16 x 13 x 11 inches, it adequately accommodates any 
cat or smaller animal. Windows should be inserted in at least two of the sides 
so that the animal’s condition is observable. A hinged cover is constructed on 
top of the box. 

An ether vaporizer to be used with the box has been devised here. This is 
illustrated in Fig. 1. It is constructed quickly and easily with Ettle expense, 
and its parts are obtainable. 

The ether is contained in a closed separator}* funnel, and is allowed to run 
through the stopcock into the vaporizing flask when needed. The flask must 
be PjTex and widemouthed, a convenient capacity being 500 e.c. It must be 
fitted with a rubber stopper. Erlenmeyer flasks of this capacity, which take 
a No. 10 stopper, are manufactured by Corning Glass Works, Corning, N. Y. 
An eight-ounce v'idemouthed nursing bottle with a No. 10 stopper may be sub- 
stituted, but it will not take as much ether. Two wires are each inserted into 
a glass tube, and the tube at its two ends is flame-sealed around the %vire. These 
shielded ^vires are inserted through the stopper to extend down into the flask. 
Near the bottom, each wire leaves the glass shield and is firmly soldered or 
welded to a broad flat copper electrode; the two electrodes are kept carefully 
separated to prevent sparking (which might explode the ether). Above the 
flask, the wes are extended upward by well-insulated cord through a switch to 
a plug. This may be inserted into any socket carrying alternating current 
(110 to 220 volts). The switch must be well-enclosed, by tape or other means 
to prevent the chance of open sparking. 

An aqueous copper sulfate solution is poured inside the flask. Its level 
must be kept well above the electrodes. If the solution is not too concentrated 
(a pale blue color indicates the proper saturation), its electrical conductivitv is 
small ; and thus when the current is applied, its resistance will create heat This 
rapidly warms the ether to its boiling point (about 35° C.), and vaporizes it 
The vapor is conducted away from the flask in a steady stream throush alas's 
and rubber pressure tubing to the animal box. A terminal glass nozzle should 
penetrate the box through a fitted hole bored at a low level to allow the eth r 
vapors to rise and permeate the whole interior. 

•From the ot Pliy.'iolopy, Mldrlitycx r'niver.=itv ... 

Rcoelvetl for pubUcatlon. Octob«ir 10, 1042, * 
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Tin; .lonKx.n, nr nAiiniiAToitv anh niAXK'Ai, mi dicixi: 


Witliiii tlie viiporiziii" iliislc flu; voliiiiic of i’IIkm- is iihvays ohservalile, sinti' 
beiiiir liirlil iuid iinniisciiik* with wafi-r it rests as a distinet layer ahovo tlio blue 
solution. Tlioro is no danger of its dift'nsiu”- downward to the (deetrode area. 
Sparkinjx between the eloetrodes is further niininiized by usiti;; an alternatin!; 
eurreni. This alternation also prevents appreciable solution of eopper, wliicli 
would erode the electrodes and make the fluid inufldy. 



Wc use this apparatus frequently and can state that with ordinary care 
it is no more dangerous tlian any other laboratory apjilianee, althougli it is un- 
questionably liazai'dous in tlie hands of inex])ericnced persons. It is quick and 
sparing of ether. By observation of the ether box, the stages of anesthesia are 
clearly followed. In the surgical stage the animal may be removed and tied 
dou7i to an animal board. It is kept anesthetized thereafter by aj)j)lying a cone 
to its nose. 



CHEMICAL 


SERUil BILIRUBIN: A PROCEDURE FOR THE DETBRillNATION OF 
INDIRECT AND DIRECT VALU*ES 


Berxardo Seeul.\*eda, jM.D.,* Arkold E, Osterberg, Ph.D.I 

Rochester, jMinx. 


HE original van den BergR teelmiqne and Ilie modification to tRis method in- 
trodnced by Thannhauser and Andei*sen have been used extensively for the 
determination of senm bilmfi)in. Both procedures, hovrever, present several 
disadvantages which can be summarized as follows: (1) It is difficult to match 
the color of azorubin with that of artificial standard solutions; (2) loss of 
bilirubin occurs in the protein precipitate; (3) values of less than 1 mg. cannot 
be read accurately ; (4) separate determinations of the direct and indirect frac- 
tions cannot be made since estimation is on total biliinbm; and (5) in the Thann- 
hauser and Andersen method the personal en-or involved in the eoiTect differenti- 
ation of direct and indirect triies of reaction is considerable. 

The fact that sera in which the hilinthin gives a direct reaction also con- 
tain a varjing amount of indirect reacting bilirubin is theoretically of interest. 
It has been postulated that the proportion between these two tj-pes of bilirubins 
is different in various tjTres of .iaundiee, and therefore their separate determina- 
tion should give diagnostic and prognostic infomration. Consequently, several 
techniques have been devised to measure separately the quantity of direct and 
indirect fractions of total bilirubin; furthermore, new techniques have been 
devised which avoid the deficiencies of the foruner methods arrd proUde for the 
accurate determination of biliimbin. In tliis paper a technique for determination 
of bilirubin is described whieli is based in part on two methods premously out- 
lined. 

earlier JIETHODS for JmUSURIXG BILIRUBIX 


Varela Fuentes’’ - developed a teelmiquc on the basis of the solubility of 
indirect reacting bilirubin in chloroform. In liis procedure the indirect reacting 
bilirubin. Therefore we subti-act from the final reading of direct hiliimhin tlii.s 
After evaporation of the chloroform the dry residue is redissolved in chlorofoiTO 
and alcohol and then diazotized. The concentration of direct bilirubin in the 
same sample of scrum is determined by adding diazo reagent and alcohol after 
extraction of the indirect bilirubin with chloroform. The precipitate**is sepa- 
rated by filtration, and the reading is made on the filtrate by means of a .stand- 
ard colorimeter. 

The technique for the extraction of indirect reacting hilirulnn proposed bv 
Varela Fuentes appeared to us to be the most efficient method thus far reported 
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Tin: .JOURXAlj 01' I^AJIDKATOKY and Cf.lNlCAt. MCDlClNi: 


It li.'iK usod ill I ho work to ho rlfsoriiiotl in this jiiijior with .slight rnodifion- 
tions wliioli wore iniulo to adapt it to the ]))ioff‘lnnit'lt;r. 


Several 


ohjeolioiis oan la? raised 


to tlio use of the method of Varela Fiientos 


for the <lcl(‘rmination of direol bilirubin; essentially it has the same tli.sadvantaces 
as the ori;iinal v;ui don Bortrh method and the Thaniihausor and Andersen tceli- 
nicpie. that is, loss of biliruiiin in the jirotoin j>reeij>ilalo and the ditlieiilties of 
matehiufj: eolor with tliat of artifioial standard solution. 


One ol us (A. hv. O.)' modified tin* teelinifjno for determination of hili- 
rubin pz-ojiosed by vnn den ller^di and Orotejiass’ in ordei- to adapt it for read- 
ing in the pliotelometer. Their proeodiire for determination of direet reaclin" 
bilirnhin is based on flie faet, Icnown sinee tin* first jnililications of van den 
Bei'gh, tlial lliis fraelion eonjiles inim(‘diat(d\' witli the dinzo ifagent in the 
serum ; tlic addition of DO per eent aleolml is nnnoeessary for the I'eaetion. In 
their tceliniqne oO per cent buffer aleohol (final eoneenfration in tnlic, -6 ])er 
cent) is used to maintain a eonstant. i»II in the tubes for the direet and iiidircct 
2'caction. The use of aleoliol, liowever, even in such a low coneentration, is n 
cause of error, for it allows jiarl of the imliieet bilirubin to react and thus in- 
creases tlie color of tlie dirc'ct i-eaetion. 1'liis faet lias bi*cn mentioned jircvionsly 
by itlalloy and I’lvelyn' and has been eonfii-med in the pre.seut invi'stijialion. The 
butler aleohol is not necessary when tiio pliotelometer is used, since the dificr- 
cneo.s in pll do not exert any intlueneo on the reading. In the determination of 
indirect biliruliin tlie motbod obviously can be applied only in those eases in 
wliioh the serum contains this fraction alone, as in certain eases of hemolytic 
icterus. 'When hotli fractious are pre.seiit, as usually oe.eui-s in ohstruelivc and 
parcnehyinatous jaundice, the metliod really determines total hiliruhin. Bven 
so, the estimation is ineompicte, sinee as menlionod hefore some direet liilirnbin 
is carried out in tiie protein precipitate. 

^Malloy and Evelyn developed a proeedure, to make -scjiarato determinations 
of direct and total bilirubin. A considerable improvement is made by the use 
of 50 per cent alcohol in the measurement of total bilirubin; Jlalloy and 
Evelyn have demonstrated that coiujilctc coupling of the bilirubin lakes place 
in the presence of 50 per cent alcohol williout any preeijiitation of protein. Tlie 
estimation of direct bilirnhin is liascel on tlic same principle we have used, 
namely, the ability of tliis fraction to react in water solution; the reading is 
also made in a pliotelometer. Later .some difl’crenccs between tlie two methods 
will he mentioned. 


nKSCniDTION OK kuksknt teciiniquic 


Qnnliidiivc Tent . — The qualitative tc.st is first jieri'ormed on a sample of 
serum as follows. To 1 c.c. of .serum, generally diluted, 2 c.c. of diazo reagent 
is added. Three well-knomi rc.sults may be obtained ; 

1. A direct reaction may occur, Tlic color change (lien is detected as .soon 
as serum and diazo reagent are mixed togellier; it I’eaelics its maximal inteiisit.'' 
in from sixty to ninety seconds. The color is pink in undiluted serum and 
purplish in diluted serum. 

2. An indirect (delayed or negative direct) i’eaetion may occur. No change 
of color then is noted during the firet two miniites after addition of tlie diazo 
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reagent. Between four and ten minutes after the diazo reagent is added a golden 
color appears, in about thirty minutes a brownish color, and after one to one 
and a half hours the characteristic pink color develops. This color is .similar to 
that of the direct reaction in the undiluted senmi. 

3. A biphasic, direct reaction may occur. This tATie of reaction has been 
found only three times in more than 400 cases observed by us. The color which 
appears during the first minute is not a tj'pical pink, but a brownish red which 
generally reaches its maximal intensity in two or three minutes after the diazo 
reagent is added. 

Quantitative Test.— After the qualitative test, quantitative determination 
of direct and indirect reacting biliinbins is made. 

Direct Ecacting Dili ruhhi— The quantitative detennination of direct re- 
acting bilirubin is eariled out only if either a direct or biphasic I’eaction has oc- 
curred in the qualitative test. The volume of the senvn and diazo reagent is 
made up to 10 e.c. with distilled water, and the photelometer reading is made 
during the first ten minutes after the water is added. 

In spite of the fact that a filter hamng a maximal transmi.s.sion at 530 to 
535 millimicrons is used, the color of the serum itself influences the reading. By 
making a control series of readings ulth noimal sera against water “blank,” 
we have found an average photelometer reading of 9G which equals 0.4 mg. of 
l)ilirubin. Therefore we subtract from the final reading of direct bilirubin this 
correction factor of 0.4 mg. This procedure is accurate and avoids the prepara- 
tion of a normal “serum blank” for every determination. 

Indirect Ecacting Bilirubin . — To another 1 c.c. portion of the serum in a 
centrifuge tube marked at 10 c.c. is added 2 c.c. of sodium .sulfate (12 per cent 
solution prepared from anliydride), and the solution is mixed. To this is added 
5 c.c. (or more) of chlorofoim. The tube is shaken vigorously for thiily sec- 
onds, then centrifuged for about five minutes at high speed. The yellow chloro- 
form extract remains under the turbid senmi. The capillaiy end of a pipet is 
introduced to the bottom of the tube and almost all the chlorofonn is aspirated. 
A slanting mirror should be placed under the tube so the operation mav be 
Watched. The aspirated chlorofonn is transferred to a test tube of at least 2 cm. 
in diameter. Extraction of the serum is repeated with a new portion of chloro- 
form and the second extract is added to the first. Extraction must be repeated 
until the chloroform is colorless. Usually three to four e.xtractions are sufficient. 

The combined chlorofonn extracts in the test tube are evaporated in a water 
hath at 80° C. The diy adherent re-sidue is taken up in 0.-5 e.c. of chloroform 
and 2 c.c. of 96 per cent alcohol, which di.ssoIve the bilirubin. To this is added 
0.5 c.c. of a fresh diazo reagent (final volume 3 c.c.). The red color of azo- 
bilirubin does not develop completely until after ton minutes. The readin" is 
made in the photelometer against water blank. 

AVc have used the Cenco Sheard-Sanford pholelometer equipped uifh a 
Cenco No. 2 filter which has a transmis.sion raime of 5-50 to TOO millimicron.s 
The calibration cuiwc is obtained by the following proccdin-c; Five miJIigi-ams 
of purified bilinibin is dissolved in 100 c.c. of clilorofoim. and 10 c.c of this 
solution is evaporated under carbon dioxide on a water laifli, until it is noarlv 
dry. To the residue is added SO c.c. of a solution consi.s*ing of .50 ))er cei 1 ’ 

hoi which contains 10 c.c. of a buffer solution of jdl 6.6 to everv Kjq ..1 
buffer alcohol solution is heated for .some lime in order to evaporate th • J 
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Tin; .louiiNM, or i.AnoitAToitv ano ooinicai, mkoicint; 


I'onn. Next, llio soltilioii is Itroiiirlil to room Icmjirnitiirr mitl (o it is iirldol 
20 c.e. of llic iTJijrcnl coiisisliii" of Snhilioii 1 (Jiii. siilfiinilic iu-id. l'> (*.(■. of 
25 per ceiil liydrociiiorie ;ici(l witli dislilled Wider up lo 1 liter, ;md Solution B, 
0.5 ])ei' rent sodium nitrite in iupicous .s-olntion. Ten eiibie eentimetens of Solu- 
tion A is mixed with 0.3 c.e. of Solution JJ slmiTly liefoi'i; use. Additiomil Inif- 
fer eontninine: iileoliol is iidded to the sfdulion nfter the reiifxent imd the totnl 
(iuantity has been brought U]) to JOO e.c. The pi'.:meuted solution which is to he 
examined must be left in the darlc tor tifl<*en minutes in order to complete tiio 
couplinix. 

The coneeidr.-dion of bilirtdiin as its azo derivative ispiids .1/200,000 or 0.5 
mg. in 100 c.e. This correspomls to it eoneentr;dion of bilirubin of 5 mg. in each 
100 c.e. of .scrum when tlie analysis is carried ont on 1 e.e. of .serum and the fimil 
volume equals 10 e.e. 



Fig. J.— Curve of plioleldinctor re:unrig.s showing reliit|r>n.'‘hl|> wllh roiicoiitnitlon of .■d'niiii 

l»nfriil»fti. 


Other points on the curve ai-e obtained in ;i similar m, 'inner using volumes 
of the original solution of bilirubin of 8 e.e., G e.e., 4 e.e., and 2 c.e. By this 
procedure, as is shown in Fig. 1, there is obtained, for ])ractieal inu'jiose.s, a 
sti'night line relafion.shi]?*' up to values eorz'csponding to a eoneentration of 
3 mg. of bilirubin in each 100 c.e. of .serum. If higher eoneentrations than this 
ATilue arc obtained, it is necessary to dilute the .scrum previous to the determina- 
tion in order to obtain a value of less than .3 mg. in each 100 e.e. Ap]>roprialc 
factors are then apjdied to obtain the final atiIuo of bilirubin. This procedure is 
adopted because of the fact that when A'alues of more ihnn 3 mg. per 100 e.e. are 
snb.iccled to the diazo reaction, the photelometrie readings depart too greatly 
from the a.ssumed straight line relationship. Also, the concentration of the com- 
])Ound ]irodnccs a dark color and turbidity may develop. 


CO.MJIEN"r 

Direct Reactinfj Bilirubin . — We haA’c found that in serum diluted before the 
addition of diazo reagent the reading of direct bilirubin jdelds higher figures 

It. Tfnnwn that. In the case of solutlon.s of .Muhstances which possess characteristic 
the concentration (C) is proportional to the negative loganthin of the trans- 
ab.sorption zones, C = -k log 1. For the range of dilutions used in those investigations, 

inittetl fi'oln tlie linear relationship as shown in Fig. 1 and the valiies^obtained 

f.-om“''mi scmtloSl'mrplot are not considered as being slgnincant. 
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lhaii in undiluted serum. Serum diluted after coupling behaves like undiluted 
serum. The higher the concentration of pigment, the greater the difference in 
the results. A curve of the cpiantities obtained at different dilutions can be 
drami demonstrating that relationship, until a limit of dilution is reached, after 
which no further variation occurs (Table I). 

These differences ivere first attributed to variations in the color of the re- 
action, owing to changes in pH, the azorubin in undiluted serum being red- 
pink and purpli.sh or red-violet in diluted serum. In the firet case the proteins 
and other buffer mechanisms present in serum neutralize partially the acid 
diazo reagent giving a final reaction that is weakly acid. In the diluted serum 
this does not occur and a lower pH results. Griffiths and Kaye® have mentioned 
the diverse tones of color present according to the variations in pH. In the 
experiment described in Table I, however, we found that these differences in 
color did not exert an influence on the reading; also that the final results were 
comparable when several different fluids were used to make the dilutions. 


T.\ble I 


Eeadikgs ox Serum Diluted Before axd After Couplixg 



BILIP.UBIX, XIG. PEE 100 C.C. 

AFTER USE OF DELUTIOXS OF 


1:10 



A. Serum diluted after coupling 

22.6 

24.0 

1 24.0 

B. Serum diluted before coupling 

Dilution t\ith serum of normal dogt 

26.6 

32.6 


Dilution -vvith diazo reagent 

24.6 

27.6 


Dilution ivitb vrater 

27.6 

31.6 



•Dilutions greater than 1:40 gave same results. 

tThe serum ot a normal dog contained 0.05 mg. per 100 c.c. of indirect bilirubin. 


The higher readings obtained in serum diluted before coupling may be ex- 
plained as follows : When the concentration of direct bilirubin is high, the diazo 
reagent is unable to cause all tiie bilirubin to react; consequently a variable 
amount remains undetermined. In diluted serum less pigment is present, and 
with the same quantity of diazo reagent the combination is complete and the 
total quantity of direct bilirubin present is determined. The proper dilution 
for serum in a ease of jaundice can be judged with relative certainty by the 
intensity of the yellow color of the serum. We usually make a 1:5 or 1:10 dilu- 
lion. After diazotization has taken place, the i-eading is made in the photelom- 
eter; if the reading is below the equivalent of 3 mg. (above 75 on the scale) 
the dilution is correct and the calculation can be made therefrom in milliurams 
of bilirubin. When the reading is liighcr than 3 mg. (below 75 on the scale) the 
dilution is increased. With diluted serum we have found that the most aecu- 
>ale results are obtained if the readings arc kept between 1 and 3 mg. (75 to 90 
on the scale). The di.sadvantage of repetition of the reading Is neee.ssary onlv 
m case of unknown sera and with practice it can usually be avoided. 


We do the reading of direct bilirubin the fiist ten minutes after the water 
IS added, because after this lime the indirect hilirubin also takes part in the 
i-eaetion. It is well known that the indirect hilinibin can react slowlv in water 
solution, and this is evidenced liy the fact that in sera ui casus of‘hemohi,V 
jaundice the development of color .starl.s usually after ten minute.s When lirtl 
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fill; .)()i;iiXAi. or i.ai!()i:atohv axi» cmnk^ai. MKOicixt: 


I'ractions are pro.senl, we have oliserved (liflVreiices oi' several inilli^rrains liotweeii 
Ihe readings at five and lliirly minutes. This is e.sjieeialiy true when the amount 
of indirect biliruliin is high. 

Indirect Rcaviinet Bilirnhin. — (Jrnnenherg' first noted the different hcliavior 
with chloroform of direct and indirect reacting hilirnhins and demonstrated that 
the pigment in serum from a patient who liad hemolytic jaundice was .soluhle 
in chloroform while that from a patient who had oh.struclivo jaundice wa.s not. 
Andrewe.s,- Collinson ami ]''owwealher,'’ Itoherts”’ and Newman" have eonfinaed 
the.se results. Hunter'^ included the different soluhilitie.s in chloroform in a .sum- 
mary of the proi)erlies of direct and imlirect reading hilirnhins. 

De Castro'" lu-csented a method for the di'termination of both tyjies of hili- 
ruhin in which the indirect t.vpe of hilirnhin was e.xiracted from the .serum with 
chloroform. \ ai'cla hhientes showed that with this ti'chniipie, when 2 c.c. of 
chloroform were used and the extraction was done only once, oO per cent of the 
indirect reacting hilirnhin remained in the sei'nm. fh.nsefpiently he modified 
the method so that 5 c.c. of chloroform Avere used and several extractions were 
made. In most cases o.xt ruction hy this nu'fhod was complete, hut Avhen the con- 
centration of hilirnhin Avas high, a .small portion of the pigment remained in the 
.serum. ^Vith the use of the 12 jier emit .sidntion of .sodium sulfate, e.xtraction 
was imjiz-ovcd and the chloroform removed practically all the indirect hilirubin. 

Beiore adopting the techniipie of Varela h'nentes it was nece.ssary for us 
to confiz’m that : (1) chloroform extracts only indirect reacting hilirnhin without 
afTecting the direct tyize, and (2) chloroform extracts the indirect reacting 
hilirnhin com]iletely. This was done as follow.*-': 

' In .scrum in which both direct and indirect reacting hilirnhins were present, 
the direct hilirnhin was measured hy the method recommended in this jiapcr. 
In a different saiufile of the .same .serum eomjilete c.xiraelion of the indirect hili- 
ruhin Avith chloroform Avas carried out. After extraction, a mixture of serum, 
sodium sulfate, and chloroform re.sidues remained in the tube. After centrifug- 
ing, the three layers .separated; the upper layer Avas n yelloAV liquid (mostly 
sodium .sulfate in which aa'us dis,solved jiart of the direct bilirubin); the middle 
layer aa'us the protein precipitate Avhich eai-ried the remainder of the direct 
reacting hiliruhizi, azid the hottoziz layer consisted of a stziall quantity of color- 
less chloroform. The upper layer Avas pouz-ed iizto azzother tube and the chloro- 
form AA-as CA-aporated izi the pre.sencc of carhozi dioxide to ]zrcA-czil oxidation of 
the hilirnhin. The dry precipitate aa'us dissolved izi .1.0 to 20 c.c. of 5 per cent urea 
solution. Usually all the precipitate AA'ozit izito solutiozi hut sometiznes a portion 
remained insoluble. To this solution Avas added the yelloAv upper layer zneu- 
tioned and 1 c.e. of the mixture aa-us diazotized. A diz-oct. i-oaction A\-as obtained 
and the reading Avas zuade in the photelometei'. Izz a good proizcrtion of cases 
approximate agreeznezit Avas fouzid betAA’cczi the A’alues for direct hiliruhizi and 
those of hilinihizi z’CcoA'ered from .scrum after exti'actiozi Avith chloroform 
(Table II). Cases izi Avhich rceoA-cry of direct hiliruhizi Avas not cozuplete Avere 
those in Avhich a portion of the precipitate eontainizig some hilirubin AA’as in- 
soluble. Apparently this fact accounts for the incoznplete vccovory of direct 
reacting bilirubin in these cases. 

It is easy to observe that after several exti-aetions the oi’iginal yelloAv serum 
of hemolj’iic jaundice turns a Avhitish color. On the other hand, the serum of oh- 
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structive .iaundice remains yellow no matter how many extractions are made 
■with chloroform. A more definite proof of the complete extraction of bilirubin 
with chloroform was obtained by the following method: Three c.c. of 96 per 
cent alcohol were added to serum from a patient who had hemolytic jaundice 
after complete extraction •with chloroform. The mixture was shaken and 
centrifuged. The supernatant fluid was pipetted off and diazotized. In a great 
majority of cases no color developed; its absence indicated the absence of bHi- 
nibia in the serum. We found that the only time at which a small portion was 
not extracted was in the presence of hemohdic jaundice, when the concentration 
of bilirubui in the serum was high. Tins portion was never more than 15 
per cent of the whole amount of indirect reacting bilirubia present. Therefore, 
from a practical standpoint, it may be considered that chloroform produces a 
complete extraction of indirect reacting bilinibin. In this point we agree 'nfith 
the results reported by Varela Fuentes. 


Table n 

Values for Direct Eeactixg Bilirubix ix Sebum Before and After Extractiox of 
IXDIEECT BILIKUBIX tVlTFI CHLOROFORM 


DIRECT BILIBUBIX 

IXDIRECT BILIECRIX 

BEFORE ESTEACTIOX ! AITER EXTRACTIOX 

13.S 

14.4 

3.9 

14.1 

13.2 

2.-5 

44.6 

43.7 

3.7 

27.0 

28.0 

2.7 

16.8 

17.0 

2.7 

22.6 

23.0 

2.4 


Table m 


CoMPARisox Betweex New Method axd the Th.vxxh.\l*ser axd Axdersex Method ix 

Hemolytic Processes 


PIAGXOSIS 

XEW METHOD 

thaxxh-ausek axd 
axdersex method 

DIRECT j 

BlLIP.UBDi j 

IXDIRECT BXLI- 
RUBXX, MG. 
PER 100 C.C. 

REACmOX j 

MG. PER 100 
C.C. 

Congenital hemolytic icterus 

0 

3.2 

Indirect 

2.6 

Congenital hemolytic icterus 

0 ! 

10.0 

Direct 

9.5 

Congenital hemolytic icterus 

0 1 

2.5 

Indirect 

2.9 

Congenital hcmobTic icterus 

0 

1.3 

Indirect 

1.6 

-Acquired hemolytic icterus 

0 

2.8 

Direct 

4.1 

Subacute hemolytic anemia 

0 

1.5 

Direct 

2.4 

Acquired hemolytic anemia 

0 

5.4 

Direct 


-Acute hemolytic icterus 

0 

9.6 

Direct 

10.7 


COMP.\RISON OF NEW METHOD WITH OTHER JUTTHODS 

Thannhauscr and Andersen Procedure. — Qualitative reaction. The quali- 

tative results obtained with the new technique and with the Thannhauscr and 
Anclei-sen teehnique in a group of cases of hemolytic processes are listed in 
Table III. In five cases the results with the Thannhauser and Andei-sen tech- 
nique were incorrect. Apparently the .short period of time, two minutes, between 
the addition of the diazo reagent and the reading of the qualitative test used in 
the Thannhau.ser and Andersen method accounts for the ivrong reports VTien 
the concentration of indirect bilirubin is high, a change of color starts at th • 













13 CG 


Tin; .louiiN'An or oaiiohatokv and cmnicao mkdktxi: 


011(1 of Iwo inimifo.s; lliis color is iiovor llio cli!iracf(‘rislic jiiiilc or ro<l violet of 
(lircet bilirubin luit nuiy Iciul to niisiiitorproliition. 

Quuniiiutivc. licoctntn . — Tlio (lujintitalivo results fi-om tlu; .same two teeli- 
iiiqucs are shown in l-'i^r. 2 . In ev(‘ry ease the valne-s of total bilirnliin were 
bigber with tbo new teelinitino. 'Tin' bigbor tin; quantity of bilirubin jiresont 
tlie greater was the differoiice in llie readings given by the two motbods. Oe- 
easionally tbc eoneontration was found to lie as inueb as throe times as bigli with 
the new teebnique. 



Kis. 2. — Petorntlnatlon of bilirubin lii (r> ca.^e." of Intnihepritlc nml obstniellvn Jaundice. Qunn- 

tltatlve roi’uUs. 


Taiii.I; IV 

(.'oMeAiasos OK Maia.oy ash Kvki.ys Tr.eusKjcK ask tiik Nkw 'J’ki-ii.skjok: (^iustitativk 

ASI) Qcai.itativk KKKI'I.TS 



HU.uami.v, .MO. I'Kii 100 e.c. 

CASK 

.MALI.OY-E\Ta,YK 

TfXIINIQUK 

NKW 

TEOn.VIQUE 









DinECT 1 

TOTAK 

DIKKCT 

1 IN'DIUECT 


1 

1.0 

2..j 

Nogiitivo 

2.5 

— 

o 



Nognlive 

0.3 

— 

3 

0.7 

1.2 

Kegative 

O.S 

— 

J 

1.2 

3.5 

1.5 

0.3 

• - l.S 

5 

5.0 

’i.i 

0.5 

0.2 

(5.7 

6 



13.0 

1.1 

14.7 


7.5 

10.4 

lO.C 

1.0 

11.0 

8 

0.7 

1.7 

2.(1 

0.0 

.3.2 


MuUoy (tnd Evchiii Technique . — In Table IV the results of tlie new teeli- 
nique and Ibe Malloy-Evolyn teebnique arc compared. In the latter, determina- 
tions arc made of the direct reacting bilirubin and of total bilirubin. Quanti- 
tative results for total bilirubin were similar, and from a pi-actieal standpoint 
both methods apparently are equally reliable. The qualitat ive results disagreed, 
liowevcr, because in several cases “direct” reacting bilirubin Avas found with 
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the JIalloy-Evelyjv teclinique ■whereas it was not found with the new technique. 
The explanation for this apparent contradiction is as follows: In the JIalloy 
and Evelyn technique readings for direct bilii’ubin are always made regardless 
of the qualitative type of reaetion. In the new technique, readings for direct 
l)ilii’ubin are made only when the qualitative reaction gives emdenee of the pres- 
ence of direct hilirubin. As has been stated, indirect bilirubin can react slowly 
in water solution; consequently, if a reading is made thirty minutes after the 
diazo reagent has been added to a serum from a nonnal pei’son or to one from a 
patient who has hemoh’tie jaundice, the coupling is advanced enough to give a 
false direct reaction. This ability of the indirect bilirubin to react slowly in 
■water solution explains, in our opinion, the results repoi-ted by Cantarow, 'Wirts, 
and Hollander, -n-lio used the jMalloy and Eveljm technique. These -wiiters 
made the reading at the end of thirty minutes and found ■svhat they comsidered 
direct reacting bilirubin in the serum of nonnal persons, in cases of hemolytic 
jaundice, and in cases of hepatic and biliarA* disturbances ; the values for total 
bilirubin, however, were within normal limits. Furthermore, they found that in 
some cases of hepatic and biliary- disease the qualitative test gave a negative di- 
rect result while the quantitative procedure indicated the pre.senee of “direct” 
bilirubin. This apparent contradiction is due to the fact that in the period of 
time which elapsed Irefore the reading was made some of the indirect bilirubin 
was changed to azoimbin. It is true that those results can be taken as a con- 
ventional term and probably the values would be comparable in the same group 
of disorders. “We think it preferable, ho^wever, to establish a clear distinction 
between the qualitative reactions and evaluate the direct biliinbin only when 
its presence has been proved by an immediate reaetion. 


smrM.^RY 


A technique for the detemination of direct and indirect reacting bilinibiii 
present in serum is described. This procedure is a combination of t^wo pre- 
rtously described methods which have been somewhat modiBed. A comparison 
has been made bertveen values obtained ■with the modified procedure and those 
obtained ■vrtth such standard methods as the Thannhauser- Andersen modification 
of the van den Bergh method and the Evelyn and iVIalloy procedure. E^vidence 
is presented which demonstrates the difference in solubility of the direct and 
indirect reacting types of bilirubin and it is shoAvn that this difference allows 
their separate detennination. Tlie ratios in which the two types occur are also 
given. The clinical importance of these two types of bilirubin is to he presented 
in another paper. 
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STimiKS OF I'AXCHHATK' 


Fi;.\«TI()N* 


I. The 1)i:ti;i!Minatio.v or Tin; Iai*idoiatk; E.\r,v.>tr.s or Bi,ool) Sfhfm 


NoIi^tA.\• (I'oi.DSTri.v, .M.A.. and .fosr.i’ii H. Rot;, I’n.l). 
WA.'ini.NOTON. I). ( '. 


T he DIAGNO.Sl.S of ])!iitcreiilic (lisoJi.st*, ollior llitiii dittlick's Jin.*!Iitti.'(. i-'( d''" 
fioiill, it silitJttion (Ittc in jitirl to the limit. 'it ions of liiliortitofy inetlnjds. The 
laboratory approach to this jirolileni has boon alon;s two jreneral jaithways: (1) 
the detennination of enzymes of pancreatic origin (amylase, lifiase) in the. blood 
serum; (2) the cstimalion of titc amount, bicarbonate content, and cnzymi's ol 
tbe e.xternal secretion of the jiiincretis i'ollowinfr iiancreatic stimulation. 

In acute inflammjttory lesions of the jiancreas, where eillier a disintetrration 
of pancreatic tissue or obstritction in the ducts causes the b.'U'k-pa.s.sa're of ab- 
nonnal quantities of pancreatic enzymes into tbe blood .stream, tlie determina- 
tion of tlic amylase or lipase content of tlie blood serum lias been found very 
useful. In those lesions of tlie jianereas where there is a decrease in the amount 
of enzymes secreted, liowever, tbe information obtainable from blood studies 
is Avithout significanee. The indications of an elevation of iiancreatic enzymes 
in tbe blood serum, in the presence of the otlier clinical findings, are clear, but 
the observation in the serum of a lower than normal content of enzymes, which 
liave characteristics similar to those secreted by the pancreas, is difficult to 
interpret because these enzymes lun'e an e.xtrapancrcatic, as Avell as pancreatic, 

origin. 


•From U>c IJopmtment of niocliei,iIstr>*. 
'^RecVivecl for piibllc.-ition. May 1-1. 19-13. 


School of Modicino, 


The Gcorpe ■Washln^rtoii 
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In those pancrejitic diseases wliich arc characterized by a deficient external 
.secretion, the clinician oblains .some information by obseiTations of the stools. 
Bulky stools, containing nndige.sted muscle fibers, starch, and increased fat, 
suggest a deficiency in pancreatic secretion. Pratt' has stressed the impor- 
tance of a gi’oss inspection of the stools, and he calls attention to the rather 
specific relation of creatorrhea to pancreatic insufficiency. 

LagerlofP states that the determination of the enzynne content of the stools 
is ivorthless. According to this author, lipase is inactivated in the feces, hlore- 
over, amylase originates in the saliva as well as in the pancreatic juice. 

Recently, important advances have been made in the development of lab- 
oratorj' procedures for the direct testing of pancreatic function. Agren and 
LagerlofP appear to be the first investigators to have developed a successful 
technique for collecting pancreatic .juice uncontaminated with saliva or gastric 
.juice. In 1936 these authors described a procedure in which a double lumen 
tube is introduced into the upper alimentaiy canal and the contents of the 
stomach and duodenum are removed simultaneously by suction, before and 
after the intravenous administration of secretin. Agren and Lagerloff, also 
Diamond and SiegeP in this country, have reported that the secretin test gives 
much valuable infonnation concerning disturbed function of the pancreas, par- 
ticularly in chronic states. 

A new method for evaluating pancreatic function has recently been re- 
ported by Free, Beams, and jMyers." In this procedure a Rehfu.ss or Einhom 
duodenal tube is introduced into the stomach and the gastric contents are re- 
moved. The tube is then passed into the duodenum and a twenty-minute fasting 
sample of duodenal contents is collected. Twenty-five c.c. of olive oil are then 
injected slowly through the tube, and after ten minutes siphonage is .started 
again. Three twenty-minute samples of duodenal juice are collected. All 
•samples of duodenal juice are examined for total volume, proteinase, amylase, 
fipase, and icteric index. Data were obtained upon patients -with pancreatic 
disease which showed marked departures from noi-mal values. These authors re- 
port results as good by the use of a single duodenal tube as with a double lumen 
tube. Exclusion of gastric juice results from the inliilntory effect of olive oil on 
gastric secretion and motility. This te.st appears to be on a sound basis and has 
much in its favor in the way of simplicity and practicality of procedure. 

Numerous methods for the determination of lipidolytic enzymes have been 
proposed. These have involved the use of titration, stalagmometrie, manomctric 
and electrometric techniques. Of these, repre.sentative ones will be discu.ssed 
here. In early reports in the literature, the fatty acid liberated by the hydrolvsis 
of substrate was titrated with standard alkali. In 1911 Rona and Michaeli.s''' 
developed a stalagmometrie method, using tributyrin as a sub.strale. In this 
method the increase in the number of drops of a solution containing enzvme 
.substrate, and buffer, due to changes in .surface tension, is taken as a inea.sure of 
enzyme activity. Rona and La.snitzki,' in 1924. devised a manomctrie'mefhod 
for the estimation of lipase. This method measure.s manometricallv Hie v I 
of carbon dioxide released from sodium bicarbonate bv Hie action of 
acid, the amount of butyric acid being dependent upon the concentration'o/J'! 
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lipiisc, which pi'omotcO the liydnilysis of Irihiilyi'iii. This iiicthiMl h.'is coHaiii 
adviinlM'^cs ; liic pH of the soliitidii is rcjolily inaiiiliiiiicd and mu; of the oiul 
products of the reaction is cont iniioiisly removed. .\ titration metliod for tlio 
determination of lijuise was juililishcil hy Willsliitter, Waldscliniidt-Fa'itz, and 
Moinmen'' in 1023. In this iirocedure tlie fatty acid liherated iiy action of the 
Iil>a,sc upon a huffered olive oil emulsion is titrated with standard alkali. In 
1932 Cheri-y and t.'randaH'' pnhlished a modification of the Loevenhart'" (1907) 
method for tlie determination of esterasi*. in which the fatly aeids rcsnltind from 
the liydrolysis of a huffered ester or fat emulsion hy the enzynu’s of a hiolo^io 
material are titrated with twentieth-normal sodium hydroxide. Thesi' inve.sti- 
gatoi's reported that after libation of the pancreatie ducts in dfiirs. they could 
demonstrate the ju'esenee in .serum of an olive oil-splittincr enzyme (lipase) 
M'hieh normally did not oc<-nr in the blood .serum. They also found that the 
activity of an enzyme normally pre.sent in blood, as measured by the hydrolysi.s 
of ethyl butyrate or tributyrin (esterase), did not show uniform increa.ses fol- 
lowing pancreatic duct ligation. They, therefore, eomdiided that their tc.st 
for lipase was specith- for inincreatie in.iury. Heeenlly, Troeseher and Xorri.s" 
have propo.sed a method in which the action of the enzyme upon ethyl butyrate 
in a phosphate buffer .solution is measun-d by the change in j)Il of the .solution 
duo to the butyric acid liberated. 

Our interest in this problem aro.se from a i-ealizalion of the limitation.s of 
present methods for determining tin* lijudolytie enzymes of the blood. The 
.serum lipase determination has been re[)orted to he e.s[»ecially u.seful in the di- 
agnosis of pancreatic le.sions of the obstructive lyiHs*-'" The methods used in 
this woi'k require a 24-hour incubation of .serum with substrate. Obviou.sly a 
]>roccdure for estimating the concentration of an enzyme which requires twenty- 
four hours of hydrolysis is undesirable from both a theoretical and practical 
point of view. It is welt known that to make an aceiu-ate determination of the 
concentration of an enzyme, <ine should measure the initial rate of hydroly.si.s. 
Furthermore, when a .serum lii)ase determination is desired, the patient usually 
is acutely ill aud wailing for twenty-four hours on an analysis is vei-y ob.iee- 
tionable. 

Of the vai'ious methods propo.sed for estimating lij)a.se or estera.se action, 
wc believe tlie most suitable iirocedure for clinical work is the. simple titration 
of the fatty acid liberated by enzymic activity upon a suitable substi'ate. In 
attempting to develop a method which would he more accurate and sensitive our 
attention was directed to a consideration of the following conditions: (1) the 
substrate used; (2) the emulsif.ving agent; (3) the pH at. which the test is run 
and therefore the buffers used; (4) removal of the end produets of the reaction; 
(5) the temperature at which the le.st i.s carried out; (6) the method of stopping 
the enzymatic hydrol.v.sis. Our results and conclusions with respect to each 
of t.liese conditions are set forth below. 

.SELKCTION OK SUliSTKATJC 

Cherry and Crandall" studied the activity of pancreatic and liver extracts 
and blood serum upon 21 different esters, with particular emphasis upon ethyl 
imtvratc, tributyrin, and olive oil. The.se investigators abandoned the use of 
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ethyl butyrate and tributyrin on the grounds that the latter substances ivere 
split by blood esterase, whereas only blood lipase splits olive oil. Other in- 
vestigators, however, have used ethyl butyrate and tributyrin on the same basis 
as olive oil. Two other new and po.ssible substrates, benzyl butj’rate and benzyl 
stearate, were suggested by the work of Balls and Jlatlack,’" who found that 
the esters of benzyl alcohol are split more rapidly than those of other alcohols. 
Benzyl stearate was eliminated from use beeaiLse at ordinaiy temperatures it is 
a solid and is extremely difficult to emulsify. The five .s-ub-strates selected for 
study were ethyl butvTate, benzyl butyrate, tributyrin, olive oil, and triolein. 
All five of these exist in the liquid form at room temperatures and. are fairly 
easy to emulsify; two arc simple esters and three are glycerides, a selection 
which appeared to offer an oppoi-tunity to study the question of whether the 
biologic fluid being examined contains an e.sterase, a lipase, or both. Triolein 
was selected in order to have a pure triglyceride of a known long chain fatt}* 
acid for comparison with olive oil, an impure mixture of glycerides and other 
substances. 

Table I 

Rate of Splittikg or Different Substrate.? 


SUBSTRATE 

GLYCEROL 
EXTPA.CT or 
PANCREAS 

GLYCEROL 

EXTPwVCT 

OF LTVER 

nciiAX 

SERTTM 

CAT 

SERUM 

RABBIT 

SRRUit 

BOG 

■SERUM 

Etlji Butyrate 
(0.2.5 c.c.) 

5.20 
(1 hr.) 

4.67 
(1 hr.) 

0.33 

(24 hr.) 

0.4i 

(24 hr.) 

0.28 

(24 hr.) 

1.'90 

(24 hr.) 

Tributyrin 
(0.25 c.c.) 

13.40 
(1 hr.) 

2.68 
(1 hr.) 

0.83 

(1 hr.) • 

1.01 
(1 hr.) 

1.19 
(3 hr.) 

1.95 
(1 lir-) 

Benzyl ButjTate 
(0.25 c.c.) 

9.77 
(1 hr.) 

6.52 
(1 tir.) 

0.49 
(3 hr.) 

0.65 
(3 hr.) 

0.53 
(3 hr.) 

2.19 
(3 hr.) 

Olive Oil 
(1.00 c.c.) 

6.24 
(1 hr.) 

00 

(24 hr.) 

0.18 

(24 hr.) 

0.26 

(24 hr.) 

0.22 

(24 hr.) 

0.38 

(24 hr.) 

T riolein 
( 0.25 c.c.) 



0.15 

(24 hr.) 

0.31 

(24 hr.) 


0.33 

(24 iir.) 


Expressed as c.c. of 0.1 X alcohoHc KOH per c.c. of scrrum or c.c. of tinsue-glvoerol 
Pt*<;paratiop. Parfenlhosts amount of «ubs»tTato m column 1 and llmo of hydrolvci.s' elw*- 


The results of this study arc recorded in Taiilc I. Our data show tliat tJio 
greatest amount of hydrolysis is obtained with tributyrin as a sub.strate in e.x- 
periments irith glycerol extract of pancreas and uith liuman, eat, and rabbit 
Kcrum; whereas with glycerol extract of liver, benzyl butyrate gave a higher 
value. ^ These results sugge.st that tributyrin should he the substrate of ch'oiee 
to obtain tlie most sensitive test when analyzing for enzA-mes of pancreatic orirdn 
and that benzyl butyrate would be the most sensitive substrate for enz^^ne.s''of 
liver origin. 


THE mun-^iFYiNr. agent 


For emulsifying agents a number of substances have been u.sed for mcGsnrr, 
ment of bpidase action. Cl.ern- and CrandalP favored acacia: WUhtiitfor 
u aldschnudt-Tjoit/.. ami ^IcinmeiU u.-jcd allminiii; and Balk vrniu i * 
Tucker- have utilized a vlyc-erol solution of ox Idle, e' 'p.r f 
of e,slimntions to detonuine the most effeeiive r-miilsifyimr auent.' The dnUnkl 
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Tal)lo I] .show fliJtl t)ie bilo-fxlyccrol iiiixtuir, pi’oiaiml accordiiif^ lo Balls, -Mat- 
lack, and Tucker,"’' is the most favorable «‘jmi]sifyiutr a^ent when benzyl butyrate 
is used a.s substrate; in view of these results it was decided to use bile as the 
emulsifyin"' a"oiit in our experinienf.s. 

Tui; j)!! and si;i,kctjon or nrrri'a.s 

Balls, JIatlack, and Tucker"' observed that jiaueroutic lipase docs not ap- 
pear to have a very sharp ])]I ojjtinnun. Kxj)erinicnt.s with tristearin as sub- 
strate and Nil., — Nil, Cl mixture as buffer at ])11 8.2 to 8.4 and 7.2 to T.a .showed 
very little difference in the rates of hy<lrolysis. AVillstiittor and Waldschmidt- 
Leitzd' found the optimum j)!! values foi- pancreatic lijiase were 0.2 and S.3 
with olive oil and tributyrin, resitectively. as the substrato.s. With tripropionin 
as substrate, Weinstein and Wynne’" found the optimum pll Is 7.2 with phos- 
phate-borate buffer and 9.3 with a srlycino buffer. Anrej), Lu.sh, and Palmer,’® 
using a phosphate buffer and glycerol triacetate jis .substrate, began their hy- 
drolysis at a pH of 7.S and jiermitted a .shift in jdl to 7.0. They considered a 
pH below 7.0 to be too low for .satisfactory puantilativo .studie.s with lipa.se. 


Taiu.k ti 

EJU?t,strviNC( I’owia; or DirrrnK.ST KMCi.sirviso Ao);.st.s 


sonsniATr. 

iiU,n 

(nirco) 

x.s. 

TAUno- 

(•HOI,.VTi; 

(MrnrK) 

.VA. 

TAVr.O- 

(■II<tI,.\TF. 

( I’KAN- 
STW.m,') 

.VA, 

01.Y<0- 

CIIOIATF 

(ITAX- 

KTIKIU.) 

ruiisii 

roc 

.M.m-.Miv 

•SOI.I’TIO.V 

w.ir.n 

j:no 

AMIl'MIV 

.sor.vTio.v 

r> PIT- 

CKNT 

w'l'ovoa 

soi.rrio.v 

ij PIT. 

er.vT 

acacia 

.som:tion 

JJcnzyl 
Butvrofc 
(0.240 Gw.) 

11.01 

iiSi' 

S.OG 

0.60 

1.00 


0.-13 

a.t’i 


Kxprossod a.<? c.c. of 0.1 N nIcolioHc KOH u«lntr H c.c. of tlu‘ oimilsifyinp iiKont nrnl 1 c.c, 
of ;rlyccrol prcparntloii of c;tlf p.'incron.*?. Tlnio of liy^lroly.ql.y was ono hour. 


From the work discussed above, it appeal's that one should rarry out the 
hydrolysis at a pH somewhei'o within the range of 7.0 to 9.2. In view of the 
observations mentioned, we decided to fix the buffering conditions so that the 
initial pH i.s 8.2 to 8,4, and the jiH at the conclusion of the liydro]y.si.s is above 
7.0. Under the condition.s of our {iroccdure, some shifting in pH is jfermitted, 
hut this is dc.sirablc to avoid using exce.s.s quantities of buffer which would have 
an inhibiting effect. The buffer we found most, suitable for our worlc was sodium 
diethyl barbiturate, and the amount we determined to be most effective was 0.05 
Gm. in the final Amlume of the test used Avhicli is 26 c.c. 

In the hydrolysis mixture set up for our method 3 c.c. of 0.1 N butyric or 
oleic acid are required to shift the pH from S.4 to 7.0. The buffering system in 
this procedure, therefore, has the caimeity to i)ermit optimum buffering with, 
blood sera having concentrations of lipidolytic enzymes up to 300 units per 100 
c.c. If concentrations greater than the latter are encountered, the determina- 
tion may be repeated, using Ic.ss .serum, to obtain greater accuracy. 

Ill Table III are presented data Avhich show the effect ivene.ss of the buf- 
fering system we use in lioldiiig the pH within a satisfaetoi'i' range. Tin's is an 
important feature of our method ; the pH at the end of tlio iiydrolysls is still 
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in the favorable range, unless veiy high concentrations of enzjTnes are enconn- 
tered, in which case a smaller sample of serum is analyzed. In the CheiTy' and 
Crandall method, ivhicli l)as received ■widespread clinical use in this country, a 
phosphate buffer mixture with a pH of 7.0 is employed. This is at the lower 
margin of the pH range I’ccommended by other authox-s for pancreatic lipase; 
furthermore, the fatty acid libei'ated during the hydrolysis shifts the pH to a 
still lower value, I'esulting in a eoiresponding decrease in the sensitivity of this 
test. 


T.mLE III 

Chaxges of pH Dlt.ixg Hydroiwsis 


SrBSTRATE 

SEBUit 

TIME OF 
HVOROLYSIS 

CON'TROt/ 

pH 

pH AFTER 
HTDEOETSIS 

Etliyl Butvrate (0.2.5 c.c.) 

Cat 

24 hr. 

S.20 

7.64 

Ethyl Butyrate (0.25 c.c.) 

Human 

24 hr. 

S.20 

7,&5 

Tributvrin (0.25 c.c.) 

Cat 

3 hr. 

8.16 

6.20 

Tributyrin (0.25 c.c.) 

Human. 

1 hr. 

8.31 

7.90 

Benzyl Butyrate (0.25 c.c.) 

Cat 

3 hr. 

8.15 

7.00 

Benzyl Butyrate (0.25 c.c.) 

Human 

3 hr. 

8.30 

8.06 

Olive Oil (1.00 c.c.) 

Cat 

24 hr. 

8.15 

7.6.3 

Olive Oil (1.00 c.c.) 

Human 

24 hr. 

8.22 

8.09 


Using 50 mg. o£ sodium diethyibarbiturate for each substrate in a hj'droly.si'.s ■Jrith 1 c.c. 
of serum. Measurements made with a glass electrode. 


REMOV.AL OF THE END PRODUCT OF HYDROLYSIS 

Willstatter, Waldschmidt-Leitz, and Memmen,* in 192-3, instituted the use 
of calcium chloride to aid the hydrolysis of a fat by lipase. They attributed 
their favorable results to the formation of an adsorption compound, fat-calcium- 
alhumin-lipase. Balls, ilatlaek, and Tucker’® have continued the use of cal- 
cium chloride to aid the reaction. These inve.stigators offer the much more 
reasonable explanation that the calcium ion combines with the fatty acid lib- 
erated in the hydrolysis to fom an unionized or insoluble calcium salt. This 
removal of one of the end products prevents tixe reversal of the reaction and 
thus promotes a rapid splitting of the substrate. We adopted the me of the 
calcium ion, but in our work it was found that the chloiide ion of calcium chlo- 
ride, which was released u*ith the foi-mation of the calcium salt of the I'attv acid, 
markedly reduced the pH of the medium, slowing down the reaction. To avoid 
this xmtoward effect, several calcium salts of weaker acids were tested. Calcium 
acetate was .selected as the preferred salt to obtain the calcium ion effect of 
removal of one of the end pi'oducts of the reaction and. at the same time to 
promote good buftering. Balls. Ifatlack, and Tucker’® reported that too much 
calcium chloride is somewhat inhibitory to this reaction. Thi.s effect w.-m not 
related to lowering of tiie pH. as these authors maintained a fairlv con.stant 
pn by the addition of ammonia. We found 0.2 Gm. of caleium acetate in 
C.c. of .solution to he the optimum amount for this reaction. This rpiantit- pro 
vulcs for the fatty aeid liberated by hhmd serum extranrdinnn'lv rich in'linn.«r 
and at the same time does not have an inhihitr)rj- effeet. 


Tdt: .lOUHN'AI, or I.AIitUtATOKY AN'I) f:MNt(;AI, MirDICIN'i; 




IXAOTIVATINC Tin: KNV.V.Mi; 

AJiion;,^ llic vjirious lurlluiils of injic(iv;itiii!,' ;m riizyjm?, hvo that iirr 
iiinsi ('onwiiirtil for an analytic nictlioil of this fyi*o an; inaetivalioii by licaf 
and by alcobol. An iinjxiilanl imint. iiowovci’, ix tliat tin; control slionld be in- 
activated by tin; same nietliod as the cx|»enincntal. In some inetliods llicro ex- 
ists llie ori'or of inadivafin),' tbe control tubes eontainiii;' tin* senini by licaliriir 
and the experimental lni)es conlainiinr tin; Jiydrolysate by addition of alcohol. 
Tbe error tbat may oconr from inaclivaf iinr tbe .same serum by tbe two metlioils 
is illustrated by Table IV. 

Taiii.i: ]\' 


Dirrer.r.sv); ix Tira.vno.v VAi.m: or .SreuM AeecmDiso to Mrnioii oc ].\A<Tiv.niiiS 


KKIiUM 

smsTUATi: 

MKTIIOII or IN*.\rTIV.\TIOV 

o.c. nr 0.1 X KOII 

Cat •> 


Ilraliii}!; in JRjiliii" H.O 

1.7.S 

C.at 


Addition of tCO c.'*. of 

2.2.a 



Alcoliol-ottior Mi.xlnn* 


Cat 2 

lU'iizvl Kufvrato 

Ilf-ating in Boiling’ JI,0 

]JS 

Cat 2 

Itonzvl Putvrato 

.Addition of ]00 c.i;. of 

2.17 



Alroliol-otlipr MIxtnri' 



The rc.sults of Table IV show tbe fallacy of inaetivatinfi tbe control tube by 
one met bod and the exiierimental by another method. The disereiiancy o.\- 
hibiled in tlic.se data will aecount for a part of tbe values found in blood .sera 
by the inelbods wbioli u.so tbe two different jiroeodures for inactivation. 

Followinc: tbe work of Balls, i\raflack, and Tnek(;r,"'‘ we have u.scd a mixture 
of 9 volumo.s of Of) per cent alcohol and 1 A-olnme of ether to inaelivale both our 
experimental and control Inbe.s. The alcohol, in addition to inaefivatin'r the 
lipa.se, provides an excellent mediiim for titration of tbe fatly acid ri'lea.sed by 
the enzymatic hydrolysis, snj)in-c.ssin.!r tlie dissociation of the bydro.xyl ions in 
the mixlnro, and tbn.s permit tin'r the I if rat ion of tbe fatt.r acid. 

TioimacvruKK Axn ixoicator 

Balls, ilfatlack, and Tnckcr"'* have found that the ojiliimnn temperature for 
liliase action is around 40 to 50° C. We .selected tbe temperature of 37° C, for 
our procedure because most laboratories u.snally keep a water liatb at that 
temperature. 

Tbe indicator chosen for this work was jilienolphlbalein, since this indicator 
is suitable for titration of a weak acid with a strong base. It is of interest that 
tbe end point of this titration, as measured by the glass electrode, is at a pH 
around 10.2. which is higher on the pH scale than in an aqueous titration with 
plienolplitlialein. 

PROPOSED METHOD FOR LIPA.SE OR E.STKRA.SE DETER.’IIIXATIOX 

Bca gents 

1. Ghjcerol-hilc cmiihifying rc<r</c?it,— (Balls, Jrallaek, and Tucker.) To 
50 Gm. of dried o.xbile (Bacto-oxgall, Difeo Laboratories) in a liter Erlenmeyer 
flask add 50 c.c. of water. Heal this solution in an autoclave at 15 pounds pres- 
sure for two hours. Cool, add 500 c.c. of glycerol, and beat tbe mixture on a 
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steam bath until a clear .solution is obtamcd. Keep in a .stoppered flask in the. 
ice bo.x. When used, the flask is warmed in a water bath to 60 to 70° C. to 
facilitate pipetting. 

2, Buffer . — ^Dissolve 5 Gni. of sodium diethylbarbituratc in 1 liter of solu- 
tion. 

3. Colciiim accfdfc soluiion . — Dissolve 20 Gm. of ealeiuni acetate, chemically 
pure Ca(CH,C00)o-H;0, in 1 liter of solution. 

I. Alcohol-ether inaefiveding mixture . — To 900 c.e, of 95 per cent ethyl 
alcohol add 100 c.e. of ether. 

5. Standard alkali.— A 0.1 N alcoholic solution of potassium hydroxide is 
used. 

Procedure 


The Experimental . — Pipette the required amount of the substrate (0.25 c.e. 
of ethyl n-butj-rate, tributjmin, benzAd n-butyrate, olive oil, or triolein) into a 
large eight-inch test tube. Into this tube are pipetted 5 c.c. of the bile-glycerol 
solution, previously heated in a water batli to 60 to 70° C. for convenience in 
pipetting. The tube is shaken, and then placed in boiling water for five to ten 
niimites, after which it is shaken again until the substrate is completely emulsi- 
fied. After cooling to room temperature, pipette 10 c.c. of calcium acetate 
(200 mg.) and 10 c.c, of sodium diethylbarbituratc (50 mg.) into the tube. The 
tube is then placed in a water bath at 37° C., and when the mixture has reached 
the latter temperature, 1 c.e. of blood serum is pipetted into the tube and mixed 
thoronghly ^vith the contents by means of a stirring rod. After the appropri- 
ate lapse of time (one hour for tributyrin, tliree bom-s for benzj'l butyrate, 
twenty-four hours for olive oil, triolein, and ethyl bnlATate), pour the contents 
of the tube into a 250 c.c. Erlenmeyer flask containing 100 c.e. of alcohol-ether 
auxture. Rinse the empty test tube with tlie alcohol-ether dige.stion mixture 
and pour the rinsings hack into the Erlenmeyer flask. Add approximately 1 c.c. 
of 1 per cent phcnolphthalein solution, and titrate with 0.1 X alcoholic potas- 
sium hydroxide to the same shade of pink as the blank. It is best to titrate to 
a deep permanent pink. 

The Blank . — The blank tube is prepared and treated in exactly tlie same 
"■ay, except that addition of the substrate is omitted. The substrate used should 
be neutral, and hence a correction for the omission of substrate in tlie blank is 
not needed. 

Calculation . — Titration of experimental - titration of blank x 100 «= units 
of lipase or esterase per 100 c.c. of sermn. 

We have redefined the lipa,se or esterase unit, and in agreement with con- 
ventional usage, have expressed re.sults in teims of amount per 100 c.c. of serum 
A unit of lipase or esterase is the amount of enzyme that mil liberate I c.c of 
0.1 X fatty acid from an aiipropriate substrate at 37° C. in the time allowed 
(tributyrin, one hour: benzyl butyrate, throe houi's; etliyl butyrate, olive oil 
triolein, twenty-foin- lioui-s). 

m.'Cc.s.-Tox 


Using the improved conditions for enzyme aetiviiv 
•hn-ed into the above pro<-edurc, we oblaiii as liiuh .a 


w/iieli Ji.-ive been intro- 
lit ration in one hours- 


Tin; .U>I?I!N'.\I, or I.AllOUATOItY AND OLIXKIAO -MKOIClNr. 


v.m 

Jiydrolysis ol' (riijutyrin i)y blood .sonnn ;is is- .sectii'cd by f\vi;nly-fom- lioui's' 
hydrolysis of olive oil with (he sninc serum. If (ributyriti hydrolysis is jis "oofl 
a iiiciisim; of (lie patholo'iy presotit in panerealie disivisc as olive oil liydroly.sis. 
i( Avouid lie a marked advance (o use (his one-hour (es( Avith (n'biUyrin as' .stih- 
strate. To study (his j)ossibility, c.xperiinents Avitli animals have been earned 
out and will be reported in another pai)er.-" We may say here that in those ex- 
periments which were dcsi<rned to simulate j);increatic jtatholotry (j)ancreatie 
duct lii'ation, mccholyl stimulation. t>ajicrca(cetomy), results obtained by 
the one-hour test with Iributyrin as the substrate have rollectcd the condition 
prc.sent just as characteristically as when a ti4-hour hydrolysis of olive oil was 
carried out. Chloroform jioisoniiif:. liowevcr, mire a dissotdation of results; 
that i.s, an increase in (he (ril)U(yrinase content of the .serum without an in- 
crease in (he values obtained with oIIa'c oil or triolein a.s sub-strates. Such re- 
sults raise a rpiestion as to whether or not tribiityrinase activity of .s'eriim iniglit 
ari.se from liver injury as well as from pancreatic disease. The only Avay (his 
f|uestion can be answered is by clinical trials. Onr clinical .studies thus far are 
too few to justify any concivisions at Ibis lime. 

Coilowiii^ tlic aimvc method with (riliufyidn as the snlistratc, we determined 
the lipa.so in tlie blood .sonini of a frronp of .‘10 ajijiarently norma! medic.al .stu- 
dents. Tlie values obtained raided from :r) (o .112 units per 100 e.c. of .serum, 
.showing a normal distribution curve with a peak at ala)Ul G') units. Nine of 
those values wore obt.iinod upon bloods collected in the morning about fifteen 
horn’s after food intake, and (he remaining values are for bloods collected in the 
afternoon from individuals in the ])o.stab.sor})tive slate,* about si.v hours. Some 
variation during the day ai)i)ear.s to oecur in the Jijmse content of blood .serum, 
which, however, is not very imirkcd. In onr hands dui)lieate determinations 
with this method agreed Avithin ±4. .a fributyrina.se nnil.s per 100 o.e. of sonnn. 

In all of our studies, a more rapid splitting of substi’alo Avns obtained Avilh 
Iributyrin Ilian Avilh the other four .substrates used, namely, ethyl Imtyrate, 
benzyl butyrate, triolein, and oHa'c oil. In e.xiilanation of this, it i.s suggested 
tliat tlie resjionse measured Avilli Iributyrin reju'csents the action of more than 
one enzyme; possibly Iributyrin is attacked by “esterase'’ because of its short 
chain fatty acids, and at the same time is split by “lipase” .since it is a tri- 
glyceride. 

Since olis’C oil is a mixture of different glycerides and otiicr suhstances and 
its composition may he e.xpectcd to vary according to its source and methods of 
preparation, the nse of this substrate in estimating “lipase” activity is to he 
questioned. For this reason Ave made parallel studies AA’itli a highly puri/ied 
triolein*^ preparation as a substrate. The results obtained Avith triolein and 
oUa'c oil as substrates, hoAvever, compare fairly closely, quantitatively, and liave 
a similar significance in the studies made. 

With the procedure outlined aboA-e, avc li.aA-c consistently found an enzyme in 
the blood of the normal dog, cat., rabbit, and Jiuimin being Avliich splits the lipids 
of oliA'e oil. This observation is not in agreement, with the Avork of Cherry and 
Crandall," Avho did not find' an eiiz3-me in the blood of the normal dog AA-hich 

^Vindly supplied to us by Dr. G. S. J.anileson of the Bureau of Agricultural Chemistry 
and EnBlneeHng. U. S. Dept, of Agriculture. 
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splits olive oil. We believe the inability of the Cherry and Crandall te.st to 
demonstrate the presence of an olive oil-splitting enzyme in nonnal dog serum 
is due to the lack of sensitivity of this method. In the latter procedure the 
hydrolysate is buffered to produce an initial pH of 7, wliich is below the opti- 
mum range for lipase; this feature would reduce considerably the rate of 
liydrolysis and could account for tlic failure to obtain splitting of olive oil by 
normal dog serum. 

After our comparative studies were under way, it was realized that tri- 
butj-rin could be dispei-sed without the aid of bile, since this glyceride is .slightly 
soluble in water. Experiments showed that ti-ilnn-trin, when properly homogen- 
ized in the aqueous buffered digestion mixture, is split by blood serum even more 
rapidly than when emulsified with liile. It was necessaiy to use bile in our com- 
parative studies for the satisfactory emulsification of the other substrates, and 
to make a true comparison, tributyrin had to be emulsified in the same way. 
Certain advantages are to be gained by using an aqueous tributjTin suspension, 
however. The end point of the titration with the aqueous suspension is more 
easily discerned, and the difficulty of preparing and titrating a bile emulsion 
is obmated. If bile is not used as the emulsifmng agent for tributyrin, an equal 
vohune of water is substituted and the test is carried out in the same way. This 
change in technique will jneld values for normal blood sentm about twice as 
high as those we obtained ^vith the use of bile as the dispersing agent. We 
plan to report later noimal values for human serum by this method when an 
aqueous tributj-i'in suspension is used. 

The relation of the amount of fatty acid liberated to the concentration of 
euzjTne and to the time of hydrolysis in the proposed method is of interest. As 
twenty-four hours of hydrolysis are required when ethyl butvTate or triolein or 
olive oil is used as the substrate, and three hours of hydi’oly.sis are required 
uith benzyl butjwate as substrate, studies of time or concentration relationships 
would be somewhat unsatisfactoiy ■with these substrates. The tribut^min proce- 
dure, however, is well adapted to such studies, since it requires only one hour 
of hydrolysis. The studies we made were -vHth tribut^•Tin as substrate, the pro- 
cedure being the same as outlined above. 

The results of these studies are showm in Figs. 1 and 2. Exact linear rela- 
tionship of the amount of fatty acid liberated to the time of hydrolysis, or to the 
concentration of enzj-mc, is not shown. Fairly good relation.ship's are present 
in the fii-st three hours of hydrolysis, however; also whore .small amounts of 
enzyme (0.5 c.c. and 1 c.c. of serum) are used. 


The amount of substrate used in these studies is a marked exce.ss The 
0.25 c.c. of tributyrin is equivalent to 26 c.c. of 0.1 X bulvric acid ■ the same 
amount of triolein is equivalent to 7.4 c.c. of 0.1 X oleic acid. These amount 
of fatty acid are 25 to 30 times that liberated in a hydrolysis bv the enz^-mes 
01 normal human serum under the conditions of the method described " Th' 
pH at the end of the hydrolysis in the experiment represented hv Tier 't '' 
T3, in the ox,,.,im™t ot Kin. 2 tl,c pKn, V'n 

of these pH values are willnn the optimum ranm-. The deviations f ' ' 

li.K .■oK„i,„„l,i„s in Fin,. 1 „„,I 2 

.iihiii.a limn llu' innmmt nf snliatralc nr Ihn hiiirnrinn ot rrariinn ' 
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Fip. 1. — Relation oC amount of fatty acid liberated to the concentration of cnr.y't'*? 
tho conditions of the proposed method. Trlbutyrln wn.s \i.“ed ii.s .HUh.'trate, the time of hydroi>!‘is 
bcinff one hour. Human .serum wa.s the .source of enzyme. 



Fie 2— Relation of amount of fatty acid liberated to the time of hy‘l''°'J'®‘f,nV",vas tile 
conditSfs of tlm proposed method. Trlbutyrln was used as substrate, and cat seium was 

source of enzyme. 
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SUJIMARY 

1. A study of the conditions entering into tlie determination of the lipid- 
oh'tic enzj'iues of blood serum has been made. Attention was directed to the 
substrate, the emulsifying agent, the pH and suitable buffering, and the re- 
moval of end products. 

2. In comparative studies of the five substrates, ethyl butjmate, tributyrin, 
benzyl butj-rate, triolein, and olive oil, it was found that tributjn-in is split most 
rapidly by the enz^mies of blood serum. 

3. A method for the estimation of the lipidolytic enzA-mes of blood serum is 
proposed. Using tributyrin as the substrate in this method, the amount of fatty 
acid liberated in one hour’s hydrolysis by blood senun is comparable to the 
quantity obtained Avhen a 24-hour hydrolysis of olive oil by the same serum is 
can-ied out. 

4. This rapid test, invohnng a one-hour hydrolysis of tributvTin, may have 
clinical advantages. Further clinical work is neeessaiy to appraise its possi- 
bilities. 
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A SIMFIjK :ipi)!ii'jiliis wliicli enn ix' used Iw :i rel.'divciy inexj'oricnccA 
Ic'cliiiiciaii to deleriniiie the earluui dir)xide and oxyi’en eonteiil of samples 
of .Lra.s lias hoeii dovelopml. Tlie iiielliod of analysis is rapid and suilalile far 
determinations where an aeeuraey of O.tt per cent is aileipiate. This apjiaratiis 
may he used for tlie deteiininat ion of oxygen in samjiles of pas taken Irani 
cylinders eontaininp mixtures of oxypen and niliopen. and for tlie determina- 
tion of carbon dioxide and oxypen in samples of pas eolIeeli>d from anestlietie 
apparatus, from oxypen tents, or from the tlioraeie cavity of patients witli jiiieii- 
niothorax. 

AI>I’AI!ATr.S 

The aiiiiaralus (h'ip. 1) consists of a ID e.c. burette ealilir/itcd in O.Da e.e.. 
on the top of wliich a stopcock (A) and a enj) (7») have been annealed. It is 
advi.sable to have on hand at lea.st two of the.se burettes in oriler that duiilieate 
determinations can be made simultaneously. 

The other pieces of eiiuipinent neee.ssary to make the determinations eoiisi.st 
of three 2,000 e.e. praduated eylinder.s, or hydrometer eylinder.s of similar size, 
in which the burettes may be eomiiletely imniei'sed ,: three iin'dieine droj)])ers with 
fine capillary lips for fillinp tlie cups of the burettes and the rulilier lubinp epn- 
neclions; a I'inp stand equiipied with a double sjirinp burette elaniji to suiijiort 
the burettes while introdueinp the .solutions; a monthiiieee with a six-inch jiieec 
of rubber tubing attached to be ii.sed in fillinp the burettes M-ith Avater: a aO e.e. 
.syringe and an appro])riate needle for the eolleetion of sainjiles; !ind two .short 
pieces (l.a and 4 inches) of transparent rubber tiibinp and a .screw elanij) lor 
use in the transfer of gas from the .syringe to the burette or from a cylinder ol 
oxygen and nitrogen directly to the burette. 


CALIUKATIOX OK AUl'AHATI'S 


In order to know the total amount of gas in the sanijile. to be analyzed, 
it is necessary to determine the volume of the uncalibrated portion 0 (Kig. 1) 
of the burette between the zero mark and the stojicock A. This may be done by 
Avci"hing the amount of water ivliich the uncalibrated portion G of the burette 
wilfliold. To fill the burette, a short piece of rubber tubing and a mouthpiece, 
similar to that used with hematological pipettes, is attached to the capillary tip 
D below the stopcock E. The cup B is immersed in a beaker containing freshly 


~^i'roni the Dcpiiitinent of BioclieniistiT .md tlic Child Ite.^icarch Council, University of 
Coloracm School of .staff, now Trofessor of Nutrition. De|)artnient of Home Econoinic.s 
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boiliMl (lislillofl w.'iti'i’, wliicli is dr.'iwn uj) by suction until 
till' burette is coinidctcly filled. (':iie nuisl be taken to ]>re- 
veiit tbe pres(‘)iee of any air bubbles in Hie burette. Sloji- 
eocks A and IC are closed, and tin* burette is jilaec-d in a 
burette elaiiiii with the enii end up. Stopcock A is then 
opened, and, by careful control of stojicoek E, ,iu.sl cnou!:li 
water is released so that the bore of stojieock A will contain 
air and the re.st of the burette will be eomjilctely filled with 
water. The water is then diseharired into a weiirhinp; bottle 
until the level of the liijuid reaches the zero mark. The weight 
of the water and the temperature at which the weighing is 
niadc are recorded. An averaire of ten such weighings is cor- 
rected to the density of water at * 20 ° (’., and this value is used 
in the computation of the volume of the iiortion 

The accuracy of the calibrations on the burette may be 
checked by the usual method of weiuhing the amount of 
water contained in each cubic centimeter. 




B 


A 


a 


ti 


> C 




SOI.UTIOXS 

A lb j)er cent solution of either sodium or potassium hy- 
droxide is used for the absorption of carbon dioxide. The 
potassium pyrogallatc solutioii,' which is used for the ab- 
sorption of oxygen, is prcpai'ed as follows; 450 Gm. of potas- 
sium hydroxide are dissolved in 300 c.c. of water, and, after 
complete solution ha's occurred, the liquid is thoroughly 
stirred, heated to boiling, and allowed to stand until it reaches 
room tempei-ature. Then, 400 c.c. of this potassium hydrox- 
ide solution are added to 40 Gm. of pyrogallie acid in a 16 oz. 
widemouthed dark glass bottle. This is immediately stop- 
pered, sealed with paraffin, and allowed to .stand for a week 
before use. Since the solution keeps for two years or longer 
under the.se conditions, several bottles may be prepared at 
one time. \Vhen a bottle is opened for use, a rubber-stoppered 
washing bottle assembly is substituted for the original stoj)- 
per. To prevent deterioration of the potassium pj-i-ogallate 
between analyses, the ends of the glass tubing which pro,iect 
out through the stopper are protected from the air by medi- 
cine dropper bulbs. If care is thus taken to prevent undue 
exposure to air, this solution will keep in the rvashing bottle 
for at least nine months. 

An oxygen absorbent,^ rvhich may bo used immediatelv 
after it is made, consists of 16 Gm. of sodium hj-posuMte, 
13.3 Gm. of sodium hydroxide, 4 Gm. of anthraquinone 
/3-sulfonic acid and 100 c.c. of water. WTien fi-eshir pre- 
pared, it is just as satisfactory as the potassium pyrogallate. 
This alternate absorbent deteriorates rather rapidly, however 
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even thougli if. is ])rolcefe(] from e.\j)osuro 1o air hy keejn'iig it under minend oil. 
'Witliiii one or I wo wcelc.s a heavy ]>rfeipi(a(<! d(!veloi).s diiriii'r the aiialy.sis and 
thus jjreveiifK an aecurale readinf^ (»r flu* level of the .solution. 

coiaa.cTio.v or c.v.s rou a.vai.v.si.s 

The sample for annly.sis may he eolleeled in a syringe and transferred to 
the burettes, or it may lie taken directly into the huretle.s. The former jiroeo- 
dure is used for flie eolleelion of pneumothorax air or of ira.s from an ane.stlietic 
apparatus; the latter, for (he eolleetion of air from an o.xy'ren tent or from a 
tank eonlainin;,^ a mixture of nitronen and oxymm. 

When a sample of jineumothorax air for duplicate analy.sis is to he eolleeled. 
a sterile needle and a sterile uO e.e. .syrintre inusi hi* n.sed. TJie needle and the 
lip of the syringe are filled hy drawing 1 oi* 2 e.e. of stei-ile water into the 
.syringe, expelling any air huhhle.s that may liave been admitted, and then emiity- 
ing the .syringe of water. The needle and the tiji of the syringe are thus left 
filled with sterile water. The needle is in.serted into the chest wall, and air 
is drawn into the .syringe. After the needle is withdrawn, it is ijuiekly removed 
from the .syringe and a short piece of transparent ruhher tnhing. which lias 
prcvioasly heon clamped in the middle and completely filled with water, is 
immediately slij)ped onto the tip of t!ie syriiige. Tin* transparency of the tnhing 
permits one to be sure that no contaminating air huhhle.s have heeii admitted. 
After filling the hurcllc with water in the manner de.scrihcd under the direc- 
tions for its ealihration, the unattached end of the ruhher tnhing, which .should 
still he filled with water, is carefully sli])j>ed over the cajiillary tip Jh Again 
care must he taken to exclude all air bubbles. The clamp on the rubber tubing 
is released and both stopcocks of (he burette are opened while (he ciij) end is hold 
lower than the syringe. By jirassing lightly on the plunger of the .syringe, a 
sample of gas is transferred to (he burette. When only about 4 c.c. of water 
remain in the burette, stopcoelc A and then stoj)eoek E are closed. The tubing 
is clamped otT and then removed from the burette. After again filling (lie free 
end of the tubing with water, a duplicate .sample is transferred fi-om the .syringe 
to a second burette. 

When gas from aii ane.stlietic apparatus is to be collected, the needle and 
syringe need not be sterilized, Tlic needle and the, (iji of (he .syringe are filled 
with water, and a sample of air is sccin-ed by insoi'ting the needle in one of the 
rubber tubing connections. From tliis ]ioin(, the procedure for tran.sferring (he 
gas to the burettes is the same as that dc.scribed for pneumothorax air. 

Air from an oxygen lent is collected directly into tlic burette. After the 
burette has been com])lotely filled witli water, the stopcock E is opened, and 
this end of the burette is in.serted through the armhole of the lent to a point 
about midway between the face of the patient and the front wall of the tent. 
The burette is held at an angle of about 45 degrees, and the air sam]>lc is col- 
lected by pennitliiig the Avatcr to rnn out of the lower slopcoeic A until about 
4 c e remain. Stopcock E is closed as the Imrette is being witlidrawn from the 
tent In a similar manner, a duplicate .sample is collected in a second burette. 

In sampling gas from a tank containing a mixture of nitrogen and ox 3 'gen, 
a four-inch piece of transparent rubber tubing is connected to the outlet of the 
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tank. Room air is wasliod out of llu; vjilvo of fho lank l>y "oiitly roloasino Jzas 
for five or six soconds. Tlio nil)i)er tninn" :uid liic inirctio arc conipicUdy iilied 
with water, and tlio free end of the tu1)ing is connected to the burette at tip J). 
If care is taken, this may i)c <lono \vitho\it, the inlrodue.tion of room air. After 
oponine: stopcocks A and K. all but about 4 c.c. of water arc forced out of the 
burette by a fientlc stream of "as. The valve of tlic tank is sluit off and the 
burette is disconnected after bf>lh sto]>eneks have been closed. In the same way 
a duplicate sample of iras is c<illected in a second burette. 

I’Kocimrm: for anaiasi.s 

The burettes containiu" the dujdicatc samjiles of gas arc placed in the 
clamps A\ith the cuji emls uppermost. Approximately 2 c.c. of water are in- 
troduced into each cup with a medicine dropper. The upper stopcock of cacli 
burette is opened, and the lower stopcock l-J is then cautiou.sly turned to permit 
enough water to run out to fill the capillary tip D with water. The lower stop- 
cock must be closed while sufTieicnt water remains in cup B to prevent the en- 
trance of room air into the sample. After removing the excess water from the 
cup Avith a medicine dropper, the lower stopcock E of the burette is immer.sed 
in the water which almost fills the firet gi’aduatcd cylinder; the stopcock is 
opened; and the burette is lowered into the cylinder so that the entire burette 
up to the cup is covered with water. The two burettes are thus left in the water 
for two minutes in order that the gas may attain the same temperature as that 
of the water. In turn, each burette is lifted by the cup to prevent heating of 
the gas by the warmth of the hand, the exposed part is dried off Avith cheese- 
clothj and the height of the burette is adjusted so that the leA'el of the water 
inside the burette is the same as that in the cylinder. The top (outer border) 
of the meniscus is read, because the bottom of the meniscus cannot be clearly 
distinguished later in the analysis after potassium pyrogallate is added. After 
the burette is read, the loAver stopcock E is closed under Avater; the burette is 
withdraAATi and again placed in the burette clamp. The second burette is 
bandied in a similar manner. Approximately 2 c.c. of the potassium hydroxide 
solution are noAV admitted into each burette in the same Avay as the water was 
introduced. The burettes are removed from the clamps and inverted tAAuee to 
assure contact of the gas Avith the potassium hydroxide. The burettes are then 
placed in the second graduated cylinder, and, after permitting all of the solution 
in each to drain to the loAver end, readings are made as preAuously described. 
The burettes are removed, again inverted, returned to the graduated cylinder 
and read a second time. If the two readings do not check AAithin 0.02 c.c. the 
process is repeated. The difference betAveen the initial and the final reading 
multiplied by 100 and divided by the sum of the initial reading and the A'olume 
of the uncalihrated portion C of the burette gives the per cent of carbon di- 
oxide in the sample. 

"When check readings for carbon dioxide have been obtained, about 9 c • 
of potassium pyrogallate solution are hloAA-n into the cup of each burette f 
a bottle of this reagent that has been fitted Avitli a Avashing bottle assemblv tT 
pj-i-ogallate is admitted to the burettes in the same manner as described fo ■ th 
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other .soliifioii.s. Tlu; burettes nre inverted twice, jibos'd in the liiinl irntdiiatcd 
eyiindoi', and read as pi-evionsly «leseribed. 'I'ln* process of inversion and read- 
ing is repeated until no change greater than 0.02 e.e. oeetii-s in either Imrclte 
on sucec.ssivc readings. The jier etnil of oxygen in tin! .sample is ealoiilatcd hy 
taking the differenee between the final miding for eai-bon dio.xide and the final 
reading for o.vygen, innlliplying this difiereiiee by JOO, and dividing by the .sum 
of the initial reading (before the absorption of any gas has taken place) and the 
volnnie of the nnealibraled i>orlion C of tin* Inirelte. 

"WJien the analysis is eoini)leted, the burettes are thoroughly riii.sed until 
the wash water no longer giv(‘s an alkaline reaction to litmus paper. Further 
analy.ses may he made immediately. From twenty to twenty-five minutes arc 
required for making duplicate analy.ses and foi- washing the biireltes in jn'cpnra- 
lion for the next determination. If only one jtair of dni)Iieate analy.s'cs i.s to he 
made, .fust one cylinder needs to he n.sed, since the loss of solutions into the 
water will not impair (he accuracy of tiie next steii in the. detefniination. 'When 
the analy.ses for the day are completed, the stopcocks of the Iniretlos are care- 
fully greased and the cylinders are wa.slied and filled with water, .so that the air 
in tile water will he lost hy the tiim* llie next detm-minalioiis are to he made. 

Acctm.vev or tiik .mutiiod 

Tahlc I gives re.siilts of analyses obtained on several different types of de- 
terminations and .sliows llic variation to be exiieeted liy this mclbod of analysis. 
It may be seen that the variation ob.sorved between duplicate analysc-s i.s not 
greater tlian 0.35 per cent. *As a further check on the molliod, air fz’om an open 
circuit chamber procedure for tiio determination of ba.sal metabolisaF lias been 
anal.vzcd botli with the Carponter-llaldane gas analysis aiiparatus* and with 
the procedure heroin reported. Table II gives llie. re.sults of 21 .such nnal.v.so.s. 
The values found, for carbon dioxide and for oxygen ■with the apparatus de- 
scribed chock witJiin 0..5 pci- cent of one another, and the mean vabie.s are 
within ±0.3 per cent of those ohlained with the Carpenlcz--ITa]dane aiiparafiis. 
It is evident from the i-esulls reported in Tallies I and II that the method of 
analysis is suitable for determinations wlicre an accuracy of 0.3 ]ier cent, is ade- 
quate. 

TAPI.l; 1 
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ADVANTA(:i.s OF Tin; mi;thoi> 

Some of (iio ;ulv!m(ii:_ 0 '.s <»f llie jtrocedure dcw-i-iljed are lisf<‘d as follows: 
(a) The aj)j)ai'aiiis can he made with fu'diiiary lahoivitory c(jt)ii)nienl hy any 
eompelcnf, plasshlower (h) the method is suitable for (lie analysis of gas con- 
taining carbon dioxide and oxygmi in widely divei'geiit eoiieont rat ions; (c) re- 
gardless of the time elajtsed since the last determination, the aj)})aratns is ready 
lor immediate use witliout tlie n«‘cessity of eleaniinr eaj)iliary lnbin<r or of mak- 
ing a preliminary test, for leaks as would be essential with many types of ap- 
paratus for gas iinalysis; (<1) only from twenty to twenty-five minutes are re- 
quired to make duplicate analyses: (e) after relatively little practice accurate 
results can be obtained by a teehnieian who has had no i>revious exi)ericnec in 
gas analysis. 

.st;.M.UAnv 

1. An ajiparatus and a method for the <iet»-rmination of carbon dioxide ami 
oxygen, or both, in .sami)les of gas are described. 

2. The method is ea.sy to u.se and duplicate aiiidy.ses e;in be made in from 
twenty to twenty-five minutes. 

3. The apj)aratus is rca<ly for immediate use regardh'.ss of tlu' fimo elai)sod 
since the last determination. 

•i. The method i.s very .satisfactory for determinations in which an accuracy 
of 0.3 per cent is sufYicient. 

5. The ap])aratus is valuable for making determinations of stimplc.s of gas 
taken from cylinders containing mixtures of o.xygen and nitrogen, from .an- 
esthetic apparatus, from oxygen tents, or fiom the thoracic cavity of patients 
with pneumothorax. 
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• Tf Oie exDcnse involved is not n m.alter of consideration, an apparatus w-Uli tiio zero 
mirlr nf the burette at stopcock A may bo sub.stituted for the one liercin described, riio onlj 
Xwtacl of such a refinement would be that the total volume could be rend directly; the 
accural of the apparatus w-ould be in no way onbanced. 



THE ESTniATION OF THE ENZYMES. AMVEASE, PROTEINASE, 
AND LIPASE IN DUODENAL CONTENTS® 


Ai.ruKi) IT. Fru'.i;, Pii.D.. and Victoi: C. Mvkhs, Pii.D., D.Sc. 
(.'lkvki.an'd, Ohio 


S OON after the introduction of the duodenal tube as a successful method 
for obtaining duodenal contents, studies of the cnzj'ine activities of this 
material u-ere made. A variety of methods utilizing various chemical prin- 
ciples have been employed in such studies. In 1934 a committee appointed by 
the American Gastroenterological Association' conducted a study of the methods 
used to determine the enzyme activities of duodenal contents. A repoi’t of 
this committee stated: “It is obvious that this survey denoted the existence 
of. unsolved technical difficulties in pancreatic enzjmie analysis, otherudse there 
would be more unanimity of opinion favoring one system of tests. There is 
insufficient proof at the present time that we have a system of tests which is 
sufficiently accurate and simple to be routinely adopted for clinical purposes.” 
The clinical usefulness of such enzyme studies has been recently reviewed.®'* 
The present investigation was undertaken to devise a system of enzjTUe meth- 
ods that would employ optimal environmental conditions, would be applicable 
to use in a routine clinical biochemical laboratory, and could be readily evalu- 
ated by the clinician. 


3IETHOD OF OBTAIXIXG AND DILUTING DUODEN.AL CONTENTS 


Duodenal contents may be readily obtained by means of a duodenal tube. 
The authors have made studies of the acti^'ities of fasting contents and con- 
tents obtained after stimulation of pancreatic secretion with olive oil intro- 
duced into the duodenum.®’ ® Other investigators have utilized fasting con- 
tents" as well as contents obtained after using a variety of stimulants including 
magnesium sulfate, dilute hydrochloric acid, peptone solution, corn oil, olive 
oil, cream, beef bouillon, secretin,®"'® and mecholyl." 

The sample to be analyzed is refrigerated beriveen the time of obtamin«- 
from the patient and the time the analyses are to be made. Repeated studies 
have indicated that there is no significant alteration in enzyme activity of 
duodenal contents during a period of twenty-four hours, promded the sample 
is not strongly acid due to contamination rrith gastric juice. In such cases the 
results are quite unreliable even though the analyses are made immediatelv. 
One c.c. of the sample is made up to a volume of 50 e.c. by adding- 10 c.c of 
0.2 molar phosphate buffer (pH 7.2) and distilled water. The 1°50 diiufed 
sample is added to 9.5 c.c. of 0.2 molar pho.sphate buffer (pH 7.2) to o-h-e a 
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1 :.1,000 clihilioii. Tliis flilulioii is used fur thn (Iftrrmin.'ilion of amylase. 11 is 
important to make IIh; dilution with llio InifiVr i-atlier Ilian willi di.stilled water, 
.since marked dost met ion of aniyla.so may oeeiir Avlien .samples are diluted witii 
di.stilled water. 

ttr.Aor.NT.s 

1. General Jicaijeni 

A. 0.2 molar ])lio.splmte ImfTiT. ])1I 7.2. ^irejiared liy dissolving 7.02 Hin. of 
anhydrous potassium diliydrotren phosphate and 20.-};7 nm. of anhydrous di- 
sodium hydrogen phosphate in Avater to give a total A-olnme of I lifer. 

2. Bcar)cn(s for .biv/hisc 

A. One pci- cent soluble starch .solution, prepared hy .suspending 1 tha. of 
soluble starch (iMerek, according to Idntner) in about ,7 c.e. of cold water and 
then pouring about 90 c.e. of boiling water into the suspen.sion. This solution 
is boiled for exactly one minute and then made uj) to a vidume of 100 c.e. Thi^^ 
solution .should be refrigerated and .should be jiri-jiared fresh approximately 
every tAvo Aveeks. Ea'cu after standing in the refrigerator for a period of about 
three days the starch solution acquires a turbidity. If the flask containing the 
solution is heated for a minute in a boiling water bath. hoAvoA-er, the turbidity 
Avill disappear and the digestibility of the solution will be the same as a fre.shly 
prepared solution. 

B. Standard glueo.so .solution Avhich is a .saturated solution of picric acid 
containing 1 mg. of glucose in cacli 3 c.c. of .solution. 

C. 0.5 molar sodium chloride .S'olntion. 

D. Saturated .solution of sodium carbonate. 

3. Bcar/cnlN for Proteinase 

A. FIa'c per cent casein solution, prepared by suspending 5 Gm. of casein 
(jMerck, according to Jlammarstcn) in about 50 c.e. of Avater and llicn adding 
40 c.c. of 0.1 normal MaOTT ;ind snflieient Avafer to Juako a total of 300 c.e. 
Tliis solution .should be refrigerated and .sbonld be i)rc])nred fresh about every 
tAi’o Aveeks. 

B. TAventy per cent solution of triiddoro-neetie. acid. 

C. Ne.ssler’s solution prepared liy method of Folin.’"' 

D. Digestion mixture for micro-Kjeldabl determination consisting of 50 
per cent sulfuric acid containing 0.25 jicr cent copper sulfate. 

E. 0.3 per cent gum gbatti solution, u.scd for micro-K.ieldabl determination. 

P. Nitrogen standard containing 0.283 Gm. of ammonium .sulfate per liter 

(0.3 mg. of nitrogen in 5 c.e.). 

G. Standard tyrosine solution containing 4).15 mg. of tyrosine in 3 c.c. 
Method of iireparation described by Anson and Jlirslcy.’'’ 

H. Phenol reagent of Folin and Ciocaltoau.’' 

I. 0.5 N sodium hydroxide solut ion. 

(Solutions 0, D, E, and h'' are needed only if tlie micro-K,icldahI determi- 
nation of nonprotcin nitrogen is employed in the prot einase method.) 

4. licagcnts for Lipase 

A. One per cent bile salt solution, prepared -by dissolving 1 Gm. of bile 
salts (Wilson Laboratories, Chicago) in 100 e.e. of Avater. This solution should 
be refrigerated, and should be prepared fvcsli approximately every two Aveeks.^ 
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rni-.r. axi> myi;)!S: 

r>. 0.1 normal sodium liydroxido in alrohol, jiropared l)y addiii'r sufiiciont 
satnratt'd solution of sodium hydroxiflo to 93 jut cent alcohol to 'rive a 0.1 
normal solution. 'I’lic base is standardized airainst 0,1 normal acid in the con- 
ventional manner. 

C. Trilmtyrin, obtained from Mastman Kodak (.’o., Rochester, New York. 


.Mimum roit nin!:uMiN.\TioN or amvi.ask 

The principle of the method for the determination of jimylase is ba.sed on 
the measurement of the amount of redueinir sufrar formed when a sample of 
diluted duodenal contents is incubated with a solution of soluble starch. Under 
proper environmental conditions, the amount of reduein*: sugar formed is 
proportional to the amount id' amylase present so that this figure furnishes an 
uidex of the enzyme concentration. 

Add () c.e. of 1 per cent soluble starch to a test lube along with 1 c.e. of 
0.5 molar sodium chloride aud 2 e.c. of phosphate buffer (plT 7.2 to 0.2 ^I). 
This mixture is warmed to OS'"- C. in a constant tem]ierature water bath or a 
constant temperature oven and then 1 e.c. of the 1 :1.000 diluted duodenal con- 
tents is added. The tube is thoroughly mixed and replaced in the water bath 
for exactly thirty minutes. At the end of this time a .small amount of dry 
solid picric acid (about 0.5 Om.) is added and the contents of the tube sat- 
urated with picric acid by continued mixing. This effectively stops enzvme 
action and provides a saturated picric acid solution for the determination of 
reducing sugar. Three c.e. of the supernatant solution are pipetted into a 
^lyers-Bailey sugar tube, and 1 e.c. of saturated sodium carbonate sohrtion is 
added. A standard is prepared by taking 3 e.c. of the glucose standard in 
.picric acid and adding to it 1 c.c. of the saturated sodiiun carbonate solution, 
fhe tubes are placed in a lioiling water bath for exactly twenty minutes to 
effect color development. The standard is diluted to 10 c'.e. and the unknown 
to either 10, 15, or 20 c.c.. following which the solutions are compared in a 
eo orimeter. The equivalent of glucose which is produced in the dit^estion is 
calculated by the equation S/R x D/10 x 1.0 x 10/3 = mg. of glucos'e equiva- 
lent. A blank which represents the reducing action of the starch must be 
determined and subtracted from the above value. This Anil be quite constant 
or a given batch of starch solution on any particular dav and can be readilv 
determined by carrying through the entire procedure described alve Ztl 

nof exception that the diluted duodenal contents Ire 

lot added to the reaction mLxture until after the precipitation with pierie acid 

> nee all of the reducing value of the blank is contributed bv the ertn .n i 

tion, one blank is sufficient for a series of determinations. ' 

JIETHOD FOR THE DETERMIN.VTION OF PROTEDCASE 

Proteinase is determined by incubating diluted diiodcnni r w x 
solution of casein and then determining the amount of nrotein V ^ 

ucts termed. The index of pro.eih.se coneeniX^ix S e'"!l '"'“'I- 

of nonprotein nitrogen formed from the casein or tb ^ ^ amount 

formed xvhieh rvill react with the phenol re "geS. “'“““I 
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Tlirco c.c. of casein Kohiiion are a»l<!e<l to a test tnhe aionj; witli 3 c.c. of 
water and 3 c.c. of jdio.sjdiatc Inifi'er (plT 7.2 to 0.2 .M). I'lio test tiilie is plaml 
in tile constant toniperatnro water hath at 3S ' and allowed to reaeli eqiii- 
librinni teinporatnre. 'I'o tlio tube i.s now added 1 lac. of 1 :.")() diluted duoflenal 
contents and the nii.Kture tlioronirldy stirred. Tlie tidie is rejdaecd in the bath 
and di^'cslion is alloweil to jiroeeed for exactly thirty niinntes, at the end of 
wliicli time the tube is removed and 2 c.c. of 20 per cent tricliloro-aeetic acid 
are added. This serves to .stoji the enzyme action as well as to pn-eipitatc the 
undigested casein. ■ The solution is lillered and either a J c.c. or a 2 c.c. aliquot 
is used for a nitroiren determination aeeordint; to the miei-o-K.ieldahl proce- 
dure deserilied later, or a 1, 2, or 3 e.e. aliquot i.s usetl for the colorimetric 
phenol reaction described later. A choice of either of these methods i.s ofiercd 
dependiin^ on the facilities of the laboratory, since it has been found ns n 
result of several hundred analyses that the two methods "-ive the same re.snlts. 
It i.s the authors’ belief that if the laboratory routinely carries out determina- 
tions of nonprotein nitroiren on blood the micro-Kjeldahl nitrofreu esti- 
mation might be the method of choice whereas otherwise the eolorinielrie 
phenol determination would be more convenient. 

For the determination of nonprotein nitrogen the following jirocedure is 
employed; An aliquot of filtrate is placed in a large Pyrvx test lube calibrated 
at 35 c.c. and 50 e.e. One cubic centimeter of sulfuric acid digestion mixture 
i.s added along with a glass bead, and tlie mixture is digested over a flame or 
on a hot plate until perfectly colorle.s.s. 'I'wo or three drops of superoxol arc 
added at intervals to facilitate the digestion. 'J'hc digestion material is cooled, 
.some water and 1 c.c. of gum ghatti .solution are added, and the .solution made 
up to 3» c.c, A standard is jirejiared in the following manner: Five c.c. of 
standard nitrogen solution arc measured into ,‘i similar tube, 1 c.c. of the diges- 
tion mixture added along with 1 c.c. of gum ghatti and diluted to 35 c.c. 
Fifteen e.e. of dilute Ne.s.sler’s .solution (Folin) are added to both the unknown 


and the standard, and the colors are comjiarctl in a colorimeter. The calcu- 
lations are based on the formula: S/R. x 12/A x 0.3 = mg. of nitrogen pro- 
duced in the digestion. A is the volume of the aliquot used for the nitrogen 
determination. 


Casein solutions prepared according to the above method contain small 
amounts of nonprotein nitrogenous substances. Coi-rcction for this is made 
by running a blank digestion in exactly the same manner a.s described above 
with the exception that the diluted duodenal contents are added after tlie 
precipitation with trichloro-acetic acid. Tliis is filtered, and the nitrogen is 
determined in the filtrate according to tlie method described. One blank is 
sufficient for a series of determinations, and this blank value is subtracted from 
the total nonprotein nitrogen. 


If the proteinase aetiAdt 3 ' is to be determined bj^ the colorimetric idienol 
reaction, the following pi-ocediu-e is employed; Three c.c. of the trichloro- 
acetic acid filtrate are measured into a te.st tube, to ivliich are added 6 c.c. of 
0.5 N NaOH and 2 c.c. of diluted phenol reagent diluted 1 to 3 with distilled 
water just before using. A blue color develops spontaneously; this should be 
compared after ten minutes with a standard solution of tyrosine. The stand- 
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nrcl is prepared by treating 3 e.e. tif tyrosine standard ■\villi sodium hydroxide 
and phenol reagent in the same manner as the filtrate. A\ here the amount of 
proteinase activity is relatively large, the color of the nnknown rvill be con- 
siderably darker than that of the standard and will thus result in a certain 
error due to the disproportionality of the colors. In this case the use of a 
1 e.e. aliquot of filtrate is necessary. Tn order to make the final volume the 
same, as well as to secure, the. proper reaction. 2 e.e. of a mixture of phosphate 
huffer. trichloro-acetie acid, and water in the ])roportion in which they occur 
in the filtrate arc added to the tube containing the 1 e.e. aliquot. This is then 
made alkaline, and the color is developed in the u.sual manner. If this is done, 
the proportionality of enzyme concentration to the intensity of color developed 
will hold. Of course, the u.sc of a .smaller amount of filtrate imi.st be taken 
into account in the calculations. The calculation of the amount of proteinase 
activity may be made by the following formula: S/R x 12/A x 0.15 — mg, of 
tyrosine equivalent produced in the digestion. 

A blank detennination is noce.ssary, .since the casein solution will yield a fil- 
trate after precipitation that contains a small quantity of substances which 
react with the phenol reagent. Tlic blank is prepared according to the method 
described above, and the filtrate is then .subjected to the same treatment which 
is given to the digest filtrate. The value of the blank is subtracted from the 
value obtained in the digestion mixture. 


METHOD FOR THE DETERMIN.VTION OF LIPASE 


Lipase is determined by incubating duodenal contents with tributyrin and 
then titrating the amount of acid liberated. The index of lipase eoneentration 
is calculated from the amount of acid released. 

Into a 200 mm. test tube are measured 4 c.c. of phosphate buffer, 1 c.c. 
of 1 per cent solution of bile salts, and 5 c.c. of 1 :50 diluted duodenal contents. 
The tube is warmed for three or four minutes in the constant temperature 
hath at 38“’ C. One c.c. of tribuf ju-in is then added, and the contents of the 
tube are thoroughly agitated. The agitation of the tube at this point is im- 
portant, since it is responsible for the fonnation of a semiemulsion which is 
required for the reaction. The tube is replaced in the constant temperature 
bath and enzjune action is allowed to proceed for one hour, during which time 
the temperature of the hath is maintained at 38° C. At the end of this time 
the tube is removed, and 5 c.c. of alcohol and a few drops of phenolphthalein 
are added. The contents are then immediately titrated ivith 0.1 N A'aOH in 95 
per cent alcohol to the first color change of the phenolphthalein. 

Since phosphate huffer is present, there will he a small blank titration 
even though no lipase digestion has occurred- This amounts to approximately 
2.75 to 3.00 c.c. of 0.1 N alcoholic AaOH. AYhen this blank i.s .subtracted from 
the titration, the resulting value gives a measure of the lipase actin'ty. Since 
the blank is entirely due to the phosphate buffer and tributjTin, one blank 
will suffice for a series of determinations. * ’ 


With the environment described for the lipase estimation, the reIatioT> 
between the amount of acid liberated, and the amount of enzvme nre t ' 
not linear. Therefore, it is neeessai-y either to prepare a ® ^ 

values from the graph or to use a table and obtain the vahies^from tlirfabk 
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This, altlKniirli soniowlial IrniililasuiiK*. ilnr.s uoi impair llir accurafv of the 
final rosnlls obtainod by lliis niotbiul, 

VAfUATIOXS or IIXZVAIi: AOTIVirV WITH VAItVI.VC r.S/.VMi: rO.VmXTKATIOX 

In Imtli tlie amylasi' and jirotcdnasc nirlliod (hero is a linear relation he- 
tween the index of enzyme ae.tivity ainl the enzyme eoneentration over the 
range of values eiieoimtered in normal and abnormal samples of human duo- 
denal e.ontents. This relation is shown in J'igs. 1 and 2, Therefore, in the 
case of amylase determinations, the amount of redueing sugar produced by the 
digestion can be use<i as an index of enzyme eoneentration. fsimilarl.v in the 
proleina.se determination the amount of nonprotein nitrogen liberated from 
the casein or the amount of tyrosine-lihe material lilierated can be used as an 
index of enzyme eoneentration. In the lijiase method, however, there is not 
a direct linear relation betn'een the amount «»f enzyme present and the amount 
of acid liberated. The curve for the variation of acid liberated with variations 
in enzyme eoneentration is .shown in Fig. 3. 'I'lierefore. in order to secure an 
accurate index <if li])ase eoneentration, it becomes necessary to u.se the curve 
or to employ a table such as that indicated by Talile 1. 

.sTt'Dins or I'ACTOH.s ixrniTKXcixu r.xzv.Mi: activity 

^lany of the stejis in carrying out determinations of enzymes are fpiitc 
arbitrary, since the methods for enzyme measurement are based on delerminn- 
tion of enzyme activity. By variation of each of the arbitrary steps in the 
procedure it is po.ssible to obtain a method which estimates the enzyme under 
optimal environmental eonditi<uis. Fig. 4 shows tiie effect of variations in pH 
on the activity of amylase in duodenal contents. It ivili be seen that when the 
digc.stion mixture is butfered with phospiiatc buffer of jiIl 7.2, there is an 
optimal conversion of starch to reducing .sugar. 'I’lierefore, this pll was em- 
ployed in the amyla.se determination. Since ojitimal digestion by ju'otcinn.sc 
and lipase also occurs at tins reaction, the same bufi'm' is used in the procedure 
for the estimation of jiroteinase and lijiase. A eomjdete de.seription of the 
experimental studies tliat have been carried out in the development of the 
methods here described has been rejiorted elsewhere.”'’ It .should be slated 
that not only is the pll optimal, but also the .substrate concentration, buffer 
concentration, .salt concentration, and the amount of duodenal contents em- 
ployed are optimal for the methods de.seribed. 

KXZYME ACTIVITIKS 01' DUODKXAn OOXTEXT.S OI' XOIt.MAL SUD.JKCTS 

■When fractional .samples of duodenal contents arc obtained after .stinuda- 
tion of pancreatic secretion with olive oil, there is a considerable variation in 
the enzyme activity of various fractional samples. For this reason the max- 
imum enzyme concentration of the fractional .samples has been seloefcd as a 
more con.stant criterion of potential enzyme activity.’' The maximum amylase, 
proteinase, and lipase values obtained in 17 studies made on 11 normal sub- 
.iects are shown in the first three columns of 'fable II. 'fhe average maximum 
enzyme activities for these normal sub.ieets arc amylase, 10.9S) mg. of glucose 
equivalent; proteinase, 2.24 mg. of tyrosine equivalent; and lipase, 13.92 c.e. 
of 0.1 N acid liberated (uncorrected). 
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1- — Relation of amylaf'O activity to amylase concentration. The variations in enzyme 
?“‘’'^®''tmtion ■were attained by uslnc <lif£ercnt amounts of the .oamc sample of duodenal con- 
ni-n' convenience tlie various concentnilions are expressed as a per cent of the normal 
mixtur*^' activity is expressed as me. of pluco.se equivalent formed in the dlge.stlon 



variations in 

no?^ai avemee'°"p?.^'tV®"“ ^he various concentration.s are expressed as Tn?'® duodenal 
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The authors luive ])r()pos(‘(l n simplified motliod of expressing enzyme 
values/’'' According to this system any individual findin<r is expressed ns n 
percentage of the normal average value. On this basis the values for the 
normal subjects are shown in the last three columns of Table II. The eon- 
vcr.sion of amylase or proteinase figures to this .system is quite .simple and 
merely involves niidtiplying by a factor. TJie factor for the conversion of mg. 
of glucose equivalent to amylase as a per cent of the normal average i.s’ 9.1. 
For proteinase determined from the tyrosine reaction one needs to multiply 
the mg. of tyrosine equivalent by the factor -l-I.-I. If the ammmf of nonprotein 
nitrogen formed by the proteinase is measured (the average amount of nonpro- 
tein nitrogen obtained in the normal .subjects is -1.70 mg.), the factor is 21.3. 
Tlic values for lipase as a ])er cent of the normal average can I>c appHixiinatcd 
from the data given in Table I or from Fig. X 

Using this method of compari.son the range of variation of amylase is from 
55 per cent to 1()5 per cent of tlie average normal, whereas j)rotcinnse vanc,s 
from 45 per cent to 14S per cent while lipa.se varies from 4G per cent to 14/ 
per cent. In the subjects in whom more than one study was made there was 
considerable variation in the maximum enzyme concentration, but this v.-iria- 
tion was less than that observed in the different subjects. 

This .system of expressing results of enzyme studies ns a per cent of the 
normal average can also very readily be applie<l to results obtained in i)nlionts 
as has been done by the authors." It thus greatly facilitates the clinical inter- 
pretation of such data. This method i.s quite logical, since enzyme mea.sure- 
ments determine relative rather than ab.soiule concentrations, the relative con- 
centration being derived from the activity of the enzyme. 


m.scU!?.SION* 

It should be pointed out that the principle.s of the methods that arc de- 
scribed above are not new. In certain resi)ects the amylase determination 
makes use of the same principles employed by IMyers and Killian’’ in the 
determination of blood nmyla.se or diastase. Picric acid reduction is particu- 
larly well adapted for the measurement of the substances resulting from starch 
digestion, since maltose, which is the principal product of amylolysis, exerts 
approximately twice the reducing effect on picric acid that it docs on most 
copper reagents.”' The use of sodium chloride in the digestion mixture en- 
hances the activity of the amylase and removes the possibility that with some 
samples the chloride content might influence the measured amylase activity. 
The use of a pH of 7.2 gives a much greater activity than that obtained at other 
reactions, such as the pH of S.4 employed by JlcClure, Wetmore, and Reynolds.” 
This is clearly demonstrated in Fig. 4. 

The proteinase method is in certain respects patterned after the proteinase 
methods of jMcClure, AVetmorc, and Reynolds,”’ and Anson and IMirslcj'.’’’ The 
latter investigators employed hemoglobin as a substrate and maintained that this 
is the only reproducible substrate for ])roteinase estimations. The reproduci- 
bility of casein as employed in the proteinase method has been carefully investi- 
gated by means of an experiment in which several different batch preparations 
of Jlerck’s Casein, according to Hammarsteii, were obtained and were used as 
substrates with the same sample of duodenal contents as a source of enzyme. 
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Ilpasc activity to lipase concentration. The variation.? in enzvme 
attained by usintr different amounts of the .same sample of duodena] con- 
convenience the various concentrations are expressed as a per cent of the nomal 
aterage. Llpa.se activity is expressed as the c.c. of O.IN acid liberated in the digestion mlxtun 
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The values obtained with tin* dill 

‘crctil .samples of casein were identical. A 

samt'le of casein ])repare<l in the 

laboratory by a compai'ablc lechnipue also 

gave a satisfactory r<“sult. i-lxjie 

riniental <iala also iinlieated that a casein 

solution ])re])ai-ed by the <le.serilted leehniqne could he used for as long as three 
weeks without any <'hange in (liuesliltiiify. although during this time there 
was some increase in the value of the blank. 
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The lipase method employs the same i)nuei])]e that has been made use of 
in a large number of methods of lipase ostimalion. In most of tlieso methods 
the amount of acid liberated by flic hydrolysis of a substralo catalyzed by 
lipase has been measured. Chacc and :Myer.s''" used ethyl butyrate as a^ sub- 
strate; I\IeClure, Wetmore, and Keynolds’® employed cotton seed oil; Wads- 
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worth !iii(i Aiiron"' iitili/.oi] iriiicctiii : iiinl ('liorry ;m(l ( 'i;nul:ill-- u.sofl olivr; oil 
oniulsion. Thoro Iwivo hoon si'vcrjil ol).ii*ctioiis niiscri to tlio uso ot trilmtyrin-- 
ns a sohstrato for lijtast' ostimations. since it lias hccn maiiitaiiiofl tiiat the 
(litrcstion of tributyriii is acc(mii>lislic<l by an cstcrasp aiul not by tlie lipase 
involved in tbe s])liltinir of liinhcr fats. In a si'ries of a]»proxiTnately aOO dc- 
tenninations in various normal and abnormal sainpifs t)f duodenal eontent.s by 
the method dc'sci’ibed al)f)ve. jiaralbd determinations ot lijmse by a motliod 
quite similar to that descrila'd were made? in wliieh tiie substrate was an olive 
oil emulsion. In ev(‘ry oiu' of the snm]>les .studied the amounts of acid liber- 
ated from tribut.vrin and from olive oil enudsion were j)ractically identical. In 
no instance wcnild tbe clinical interpretation ot the findin" bo any different 
whether olive oil or tributyrin was used. Since ti'ibutyrin is somewhat more con- 
venient to obtain and handle, tbe method usinir tiibut.vrin is preferred by the 
aulhoi-s to the method usintr olive oil emulsion. The addition of bile salts to the 
digc.stion mixture is desirnied to eliminate any effect the amount of bile in a 
sample of duodenal contents miaht have on lipase activity. 

Intestinal contents obtained by means of a ^liller-Abbott tube from an 
isolated segment of intestine-'’' have been studied in an endeavor to ascertain 
whether intestinal secretions when uncontaminated with pancreatic .juice 
possess any en/A-mes that will give appreciable cnz\-me activity under the en- 
vironmental eonditions described in the above methods. Intestinal secretions 
obtained from two normal human sub,jccts did not show any appreciable 
enzj-me activity by the methods described. This would indicate that alteration 
in the enzyme concentrations of duodenal contents are entirely due to varia- 
tions in the enzj-me concentration of the pancreatic .juice or variations in the 
amount of pancreatic .juice in relation to the total volume of duodenal contents. 

There is a considerable range of variation in the enzv-me activity of duo- 
denal contents of normal human subjects. This makes the definition of the 
pathologic values quite difficult. By a combination of factors we believe that 
We are able to define more accurately the normal variations and thus obtain 
an earlier recognition of pathologic values. These factors include: (1) the 
use of sensitive accurate enzyme methods; (2) the elimination of certain varia- 
bility of pancreatic secretory activity by using the maximum enzyme activitv 
of fractional samples; and (3) the expre.s.sion of the values by a convenient 
system Avhich permits evaluation on the basis of the normal average. This has- 
been demonstrated by data on a group of fifteen miscellaneous cases, given in 
Table Y of the paper,® presenting observations obtained with these methods 

SUAIAI.VRY 

Methods are desci-ibed for the estimation of the enzvmes of the duodenal 
contents, amylase, proteinase, and lipase, in which an optimum pH and opti- 
rnirm concentrations of substrate, buffer, and salt are employed. The values 
for the enzyme activities are recorded in terms of the normal taken as 100 and 
thus permit ready interpretation by the clinician. ’ 
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MEDICAL ILLUSTRATION 


NEW IMPROVEMENTS IN MOULAGE PROSTHESIS*” 


C’Ant, D. Cl.AI!Ki:,t I’lI.I)., M'ASIIIN'fiTON', D. C. 


word prosilicsis inciins nn artificial oi'gan, siicli as an eye, nose, ear, 
hand, leg, or denture tliat, is used to replace an absent part in the body. 

In reprinting one of iny articles entitled Mmilarjc Prosthesis, the editor 
of the publication clianged tlic title to Facial Prosthesis. This was undoubtedly 
done for clarification because tlie Avord montage is not fully understood. Any 
author working on the sub.icet of molding and casting is plagued with the 
necessity for tlie continued use of the.se two words. Sometimes he varies them 
■^nth positive and negative. The Avord montage has come to be knoAvn by a 
select fcAv in the medical sciences as a AA-ax cast. There are, hoAA'Cver, more 
durable and lifelike mediums than wax. Wax is rapidly becoming a substance 
for admixing Avith other ingredients to produce an intermediate stage, pattern, 
or model in the molding and casting art. Rubber and sj-nthetic plastics, such 
as catatin, are being used for the finished product. To prcA-ent the necessity for 
repeatedly referring to tlie tAvo distinct steps, molding and casting, as a unit, 
the Avord montage is used to express both. It is of French origin (mouler)* 
meaning to east or to mold. It should be understood, however, that molding 
and easting are processes for reproducing an object in form, texture, and often 
in color, identical in appearance Aidth the original from which the copy or 
reproduction is made. The mold is the negative; the cast is the positiA'e. The 
Avords pattern and model are used to express the original from which the mold is 
made. They are used for clarification and amplification, and to prevent repeti- 
tion and confusion. Since it is possible to make molded and cast prostheses of 
hands, and casts to cover up scar depressions visible through thin hose on the 
legs of women, the subject as a whole A\-ill be referred to as montage prosthesis 
The word montage differentiates the molded and cast pros-the.sis from the 
prosthetic appliance Avhich is purely mechanical, such as constructed artificial 
legs or hands crudely carved from wood and AA'om AAuth gloves. 


Puhher La<ex.-The use of rubber latex finaUy has been established as one 
ot the best materials for the reproduction of artificial parts to be worn on thp 
human body. Sjmthetie rubber (neoprene) latex is also being emploved for this 
pu^ose at present. The first mention of rubber latex was made by Clarke* and 
e aborated upon by Bulbulian.^. 3 1935 Blumberg was sent from 

he Department of Art of the School of Medicine, Universitv of Mam-Ld 
Mayo Clmic to do moulagc Avork in agar, wax, rubber, and similar 

Receued for publication, April l, 1943. 
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iiiiitofiJils. Biillmliiiii (‘vitlfiilly usft! flu* vuiiiicr inatffi.-ils ciiijiIouaI tlu-n* hy 
Bhimlnifij:. l-’miluT iulidcs Ity (’liirkc'- ' wiTf wriKfii td siinplii'y the techiiifiuc 
and to ostahlisli a kiiouledirc of liic wearinir (iiialitit‘> of latex jimstliescs. Up 
to ttiis time vnieanile, a hard ojaKiUe milled and '■uleatiized riihlier laalerinl. 
was used extensively l>y dentists for the malciny of tahse "ums, for lioldin^' 
poi'cclain teeth, for ailitieial palates, a?id similar deviees. Kaamijian, Howe, 
and Yoini"'’' wrote an int('restinL’' artiele oti videaiiite for use in [ireparin'r pros- 
these.s of the nose and areas around the eyes. I-'lesh is I ivinslueenl. This iat;t 
ean be establislied by holding llic lin^'ers over a biirnine ineand<’si-ent eleHrif 
l)iill) or flashli,t,dit lieail in a darkened room, rnbtrinnately. vnieanile is rieid 
and opa<pie. It will not move with the faee as it assumes various expression.s. 
The jirosthesis f<tr the faee, if pistperly math* of rubber latex, is .soft, llexihle. and 
more lleshlike in apiiearanee. It lemls itself more readily to the apidieation ol 
cosmetic’s and for tlic'se reasons is more suitable Ilian A'lileanile. Biibbc’r lales 
can also be made suitably stiff for prosihetie arms, hands, and lingers. 

]?nbber latex, howc’ver, has its own shorleoinines and ilinieiilties. I nloss 
proiierly prepared it darkens on exposure to snnli"hl. k'lieitive or noni>enmincnt 
colors used in simnlalinir flesh tones will bleach from the set ]>roslhe.sis. Shrink- 
ap:e will occur. Seam lines may apjiear on the surface of a c'ast where two or 
moi'o pieces constilnte the mold. All of these tlisadvantuues can be overcoine. 
The methods of doin;,^ so will be deseribeil. .\o amount of description or the 
relea.s'c of so-called trade secrets, however, will take the place of knowledfre uainccl 
from the actual working with the necessary materials and from earefully planned 
and executed workmanship. The information herewith •iiveii is substantiated 
by hiuidrcd.s of fosls and exiieriimmls. This apin-eaeh to the snb,iecl i’’ 
sented because few jiroce.sses arc foolproof, h'or example, jilaslcr of Baris may 
be added to water to obtain a homoircneons mixture, but it. is more difiieiilt to 
prepare a smooth mixture if wafer is ;idded to a (luanlily of plaster of Ihiris. 
Nevertheless, the latter proeess lias been attempted hy tlio uoviee on numerous 
occasions. An elementary knowlcd'ie of moidaiie ]iraelic('s is ahsoUdel.v essential. 
For this reason Molding mid Caslijifi' is slroii'rly reeommeuded as a rofereiiee. 

The making of agai- molds lias lieen de.se 7 ’il)ed fully' and will not he dis- 
eassed here. The stejis i-eipiii-ed foi- j)rodueiiig I lie pi-osthescs from plaster 
molds also have been exiilaiucd,' l^rosl hoses or jxisitivos of nian.v kinds, how- 
ever, can he produced from many t.vpes of molds, such as those made of rubber, 
wax, glue, metal, and synthetic plastics. 

Because of the demands of World War 11 the su])])Iy of agar has heeomc 
somewhat limited. Other materials arc being suhsfilnled for molding and 
ca.sting with varying degrees of success. An extractive of tlie seaweed CJioiidnis 
crispUJi, commonly known as Ii-isb moss or kelp, is being used in combination 
with agar in different proportions for the best I’osults. Cousidorablo research 
should be done on Irish moss to ])ej-fect formulas more suitable for monlage 
purposes. 

Another derivative of kelp that is proving more suecc.sslul Uian Jiasli moss 
is algin or algic acid. It is pi'otcin of marine algae obtained as a b.v-prodnet 
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in the preparation of iodine from kelp. Those interested in j)ur.snin'r this 
subject .should eonsnlt American patent No. 2.‘24fl,6n4, “^Material for Taking 
Impre.ssions for Dental and Other Pnrpo.se.s,” issued dnly .15, 1941. 



Fig:. 1. — A plaster cast 




iflciut; Ui. llltj 




RUBBER MOLDS AND CASTS 

Gum Tfithhcr.— Rubber alone is seldom used for tbe makiim of rubber 
products. It invariably is compormded ndth other ingredients and these ma 
terials greatly mfluence the properties, quality, and cost of the fini.shed article 
it IS necessarj’ to mLv them with the dried rubber gum bv miUin- or to the lefeJ 
or latex paste by agitation. Since this text does not discuss dried i-ubber onlv 
latex will be considered. The ingredients for mLxing ndth latex are 1 'i 
into two forms, powders and liquids. Often the powders are ernver+ i 
liquid or paste mixes for convenience of incorporation; otherwise the no 
may coagulate the latex when stirred into it or the latex will ’ i ^ ""ders 
stirred into the powder. Of coiii-se, this greatlv depends on th^*^^ 

. uepenas on tlie concentration 
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of the latex or its dry riililier content, wliicli is spoken of in relation to the loUd 
!>oUil eontont of the latex and is an iinjuirtant consideration at all times. 

- Kubber latex may be jiroeured in two forms,*' the nnvub-animl latex and 
the vulcanized latex, often si)olc(*n of as i>n;vuleanized latex. The latter form 
i.s the simple.sf to use, but the methods of usiufr both are Iienorith |j:iven. 



Fip. 2. — A Wivx nose is inodeled onto the plaster cast or molded and cast from a donor nnd 

put in place on tlic pla.ster cast. 


Unvtdcanizcd Latex . — The unvulcanized or common rubber latex "cnerall.v 
i-equires, in addition to fillers, a vulcanizing ingredient (sulfur), an agent to 
.speed vulcanization (accelerator), a thickening agent (zinc oxide), and a pre- 
serving agent (antioxidant). A simple formula for this purpose is: 


Rubber, such as latex concentrate 100 parts 

Sulfur, flowers of 2 parts 


Tlic amount re- 


• Af nrpqont the xise of rubber Is greatly restrictoa because of the war. hnxvpvor 

! «i.^^«rn^qthetic work is so small anti is employed for such an oxccllent P'” 
tint an application ^ be made through the Kubber Reserve Board for the small quantities 

neecssarj' for this work. 
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Accclcv.'itor ( (. ) 

Zinc oxide 
Antioxidant 
Color 


0.5 parts 
3 parts 
1 part 
q.s. 




iQ rpmoved from the plaster cast and painted with a plaster- 
Fig. 3. — A. The wax then imbedded into a plaster-water mixture in a box 

i-ater mixture o"°"? notches are cut into the set plaster and a separating medium 

ff^pfied^'T pie^1®'o™st"line'is"!.uf in place to form a pouring funnel in the second half 

)f the plaster mold. . 

B. The second half of the mold is made. 


To this mixture can be added fillers, such as clays, cellucotton, and other 
ingredients, to increase its bulk and to make it pastelike so that it ivill remain 
on a vertical surface to suit specific purposes. A clay filler usually sei-ves best 
in making a east; cellucotton or wood flour is more suitable for making molds. 
Clays are satisfactory for incorporating in latex mixes vrhei e the cast is to be 
noured into plaster molds. "White clajs and zinc oxide counteract the darkening 
of set latex when exposed to sunlight. 
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Unvulraiiizod or coiiiiiion liilrx nmsf lie viilcanizcd oy iioal in out; form or 
anotluT to i)rcs(>rv(* tlir riihOcr. It is »ion(t after tlie riil)l)er lias set within the 
moUl and goiuM'ally befoi'c tin* east is removed. ,-\ rtihher mold can he viileaiiizeti 
on the patt(‘i*n unless the pattern is made of wax. rnvideaiiiz<'d latex has a 
tendency to stii-Ic to tin* |ialtern or mold iitdess tiioroiiuddy dry and viileanizod; 
therefore, unvnleaniz.ed rnliher easts are vtileaiiized M-liile still in the riiohl. 




Fig-. 1. — A. The nilcd glas.s box con.mitiiUiig tlio coniplctod two-piece mold. 

B. The mold I.*; opened nnd the wnx ca.st Is removed, ir there are undercuts In the cast 
it mav bo necessary to destroy the cast to open tlie mold. In .such a case boiling -water is 
poured over the closed mold. The mold will open hut the wax cast will be melted. 

Vulatnizcd Lttlex . — The monlagc worker and prosthetist can save consider- 
able time and effort by n-sing vulcanized latex. This is identical in apiiearanee 
with unvulcanizcd or common latex; however, it acts in an entirely different 
manner totvard the mold. It will not stick or adhere to plaster and similar 
patterns or molds when it has .set or coagulated. Nevertheless, it should not be 
removed from the pattern or mold until comparatively dry; otherwise the cast 
will not retain its shape. 
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Fillers. — Ccllucolton. wood Hour, clays, -iiul siinilar fillers may be added to 
vulcanized latex in inakinii nd)bor molds. Since the lalcx is vulcanized as a 
liquid before .shipment, additional vulcanization is unnecessary. Clays may be 
added to the prosthetic cast to prevent darkening in sunlight. It should be re- 
membered, however, that the more clay that is added the more translucency is 
lost. For prosthetic work Bulbulian recommends the addition of 3 Gm. of zinc 
oxide in a water dispersion to 200 c.e. of vulcanized latex (\ultcx 11 235). Ac- 
cording to tests this will not in-cvent darkening of the latex. Furtbei-more, this 
additional zinc oxide may in-oduee cracking of the resulting prosthesis, since 
Vnltcx II 235 already contains some zinc oxide. The cracking, however, may not 
occur for some months. A white cbiy filler would be more suitable in this case. 
The clays do not have the opacity or covering power of zinc oxide; therefore, 
more than 3 Gm. of clay to 200 c.e. of rubber may be used. This is V/, per cent. 
White China clay and Dixie clay su.guest themselves for this purpose. Dixie 
clay, when used in great quantities, not only produces opacity but causes a 
stiffening of the resulting prosthesis. Titanium dioxide is considered the whitest 
of the common fillci-s and po.ssc.sse.s a high degree of fastne.ss to light and 
nilcanization. It is a bright white powder free of yellow tinge; it does not 
affect the aging of the rubber, but is rather opaque and has considerable cover- 
ing power. Therefore it must be used in small quantities and should be ground 
thoroughly in water before use. 

The General" Latex and Chemical Company* manufactures an excellent clay 
filler already dispersed in water that is most suitable for prosthetic work. It is 
their No. H 222, Part B, and can be used in conjunction with Yultex F 293 or 
H 235. It may be compounded in the Yultex up to 10 per cent Avithout obtaining 
great opacity or loss of ti-anslucency. Of coui-se, this depends on the color and 
opacity to be produced. 

An excess of fillers and sulfur cairses rubber to become stiff on drying. A 
formula for prosthetic work should not inclirde enough of these ingredients to 
be objectionable. In some cases, however, extreme lightness is desirable. The 
stiffening of the prosthesis can be offset by pouring a thin rubber coating into 
the mold, and by then forcing sponge rabber or foamed latex betAveen the thin 
layers. This produces a lifelike prosthesis that lends itself to trimming of seam 
lines and yet remains sufficiently flexible to move on the flesh as different ex- 
pressions are assumed. Sponge rubber alone does not lend itself to trimmino' 
and is not as natural in appearance. It does alloAv the penetration of air through 
its pores and this has some advantages. Sponge or foamed rubber aatU be dis- 
cussed more fully later in this text. 

A simple formula containing Amleanized latex is as follows : 

Yultex F 293 10 parts by volume 

Fffler H 222, Part B 1 part by volume 

Pontamine fast red 8 B1 (in AA’ater) q.s. 

Rubber latex turns slightly yelloAV on setting and drA-ino- i - 

color genocUy 1, ob.oined by mixing red, and Jellorv,. 'sSee tte at^i, Tr 
i^t yelloor on drying, only ,h. red i, added. O.her red, ,ha„ the pISa “ 
•Cambridge, Mass, 
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fast reel mcnlioiicd can he used. Color.s and eoloriiur of the tinislicd prosdic.sis 
evil! be discussed in detail in a future artiele. It should he mentioned, liouevcr, 
that the latex .stock .solution is triven a h^Iit basic color in tint latex mix to re- 
.scnible a lle.sh color. This is done willi watcr-.soliihle dyes havin,”: an alknline 
reaction and containiii”: no copper. The final colorinir is <ionc witii oil and 
alcohol-soluble dyc.s, not udth jn'riuenls as i.s the cfiinmon belief. Oil-.soliihle 
dyes penetrate the dry riibbci- and blend in a .soft honio^cneoiis nunincr. The 
dye-colored prosthesis eati be Avashed and .scrubbed with a stiff brush inimcdi- 
ately after eolorins without any hiss of color. If piyoiienls were used they would 
be scrubbed off beetiuse llu'y only lie on the .s-iirfaee. Aleohol-.soluble dyes do 
not penetrate the nihhcr nor do lltev blend or bleed out into the rubber. When 
the proslbe.sis is colored pr(t[terly. the necessity for llu' fiiiid use of cosnietie.s hc- 
comes lessened or eliminated. 



Ftp. 5. — Rubber stock .solutions of both C.-iuc.i.sbin nnil Ncprold skin colons. The plnster 
block between the boUlc.s I.s u.sed to obtain dried .s.ntnplo.s of the variou.s colons. The depre.s- 
sions in this block are numbered from one to elpht for speclO'lnp the inten.sity of color. 

Pliahility . — As already mentioned, the finished jtrosthesis should posse.ss 
enough pliability rrhen used as an artificial part on tlie ftice to move with the 
remaining features as they assume various expressions. A thick, solid pro.stJiesis 
would not have sufficient pliability to move Avilh the features Avithont separating 
from the skin at corners Avhere the prosthesis .ioins the face. An example of this 
inflexibility Avould be noted in tlie outer borders of t he upper lip. Three alterna- 
tive remedies for this defect may be considered. The prosthesis can be made 
rather thin and thus lend itself more readil3' to shrinkage and distortions, or a 
thin shell may be filled Avith sponge rubber to giA^e body to the resulting pros- 
thesis. In the latter instance pliability still remains, in spite of the fact that 
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the prosthesis seems tliiclc. The tliird nltcrnative is the rise o£ a softening 
medium in the latex mix, sueli ns eastor oil, mineral oil, and stearic acid. These 
oils must he converted into emulsions or suspensions in aqueous mediums be- 
fore being incorporated into the latex mix. Soft soap may be used for this, 
purpose ii-s could any of the substanecs of a colloidal nature which serve as 
stabilizei's of rubber latex itself, such as casein. Complete information on this 
subject will he found in most hooks on ruliber lale.x. 


Sponge 7i‘id)bfr.— Prostheses have been made of sponge rubbp alone and 
are rather light and pliable. Air will pass through them, and for this reason 
it is assumed that they would be more comfortable to wear, since they give the 
tissues a chance to breathe beneath the artificial organ. In the author’s opinion 
the prosthesis made of sponge rubber is impractical in most cases. It does not 
lend itself to the trinuning of scam lines after removal from the mold. It be- 
comes distorted and remains so. If cosmetics and adhesives arc applied to the 
surface the air cannot pass through the pores. Sponge rubber does not have a 
natural appearance. Sometimes a comparatively stiff rubber prosthesis is de- 
sired, such as a hand, for example. As a matter of fact, a microcrA-stalline wax 
is poured into the prosthescs of hands to increase the stiffness susufficiently to 
allow the wearer to hold a pen or pencil for writing or tableware for eating. 
If the rubber fingers are filled with this plastic wax, they can be moved to ade- 
quate positions for holding such implements. The wax core, which in itself is 
pliable but remains where placed without cracking, is thick enough for this 
purpose. i\Iicroerystalline waxes wiU be discussed in detail in another article. 

liVlien pliability and lightne.ss ai’c desired in prostheses for parts of the face, 
both solid and sponge rubbers are used. The technique for producing such a 
prosthesis is simple: The formula having the correct basic flesh color (mono- 
chrome) and other compounding ingi-edients is poured into the plaster mold 
and allowed to remain until a deposit or coating of sufBcient thickness is formed. 
This depends on the drjness of the mold, the size of the resulting prosthesis, and 
the time the mixture remains in the mold. The longer it stays in the mold the 
thicker the deposit. In small prostheses a coat of sufficient thickness -will be 
built up in a drj' mold within three or four minutes or less. The rubber is then 
poured from the mold and the mold allowed to drain. This can be done bv 
placing the mold on the spout of the bottle from which tlie rubber was poured. 
As the mold drains, a small amount of the same formula is put in a dish and 
agitated by an egg beater until it is weU foamed. The rubber should gain at 
least three times its volume after beating. It will be sluggish and will not pour 
as readily into the mold. A small amount may he poured into the opening- of 
the mold, however. A large rubber bulb is then used to force this sponge rab- 
ber into the mold and the process is repeated until the mold cannot hold more 
rabber. The mold is then placed in a warm place until the cast or prosthesis 
IS thoroughly dry. This should take place in from twelve to twenty-four hours 
when die mold is placed in a drying cabinet or on a heated radiator. If the 
east is removed too soon it will shrink and become distorted 


Prostheses that are to be enlarged by soaking in benzine? fnv 
.0 offset shrintog. s„o,.M not be coot in .pongl mbta L " 
grate more quickly in the expanding agent than solid rubber does 
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Pit pari II !) 
ordinary latex 
from vulcanize 


S])()nfi( Pnhhfr . — >S|]oii.i;e or foamed 
(•onlaininir the eomiioundiii'^ and 
d latex. An emulsifyiii” af’eni .sue 


rtihhei- can he j)rej)ared from 
vuleaniziuf' iiifrnolieiit.s, or 
h as H(iuid .soap is added to 




C. — A. In nmUinp ti jiroslhetlc rubbor n.» » « i 

solution. no. e liie cast is poured from tlie desired stock 

desirable to u.'^e a .snonco mbiiof « 

poured from the mold b.iclc into tlio liottle after hplni- P‘os‘l>'‘sls. tlie rubber Is 

C. Part of tlie rubber from the .‘■ame stock sol, ^ ixlbbte or more, 

form the .sponge rubber. -solution Is foamed ivlth an egg beater to 

n. Some of this spunge rubber Is poured Into fi,.. i .. , , 

bulb. From time to time the process must be repeated ^ ' forced down with a rubber 


the latex formula in order to stabilize the foam; a setting agent, which is a 
codguldiit hd^ iiig ii delti^ ed action, is also added to set- the foam. The ingredients 
are adjusted in the formula, and treatment of the mold is carried out in a man- 
ner so that the foam produced by beating, whipping, or blowing the latex mix- 
ture is stabilized in this condition. Sodium bicarbonate also maj' be emjjloj’ed 
for foaming rubber by effervescence, but this method is not as dependalde as 
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tlic iiilvodiiclioii of air into the latox mix by incclianiral inean.s. The soaji and 
sail are added lo tl»e nux so that the l»nb!)les will noi f)iu‘st or .subside until 
the sottinir aiient eoauulates the whole. The same nu-tallic salts may bo used in 
spoiiiio rubber as in the nii.xes for eoamilalinji coats or d(!j)Osits on nonjjorous 
molds, such as those of auar. metal, or rubber. After the bubbles and film 
have set,* the rubber is dried. By Jidjnstijii; the propoi-f ion ot the setliiiir agent 
and the temi)eraturo of the mold, the time in whieh the late.x froth Avill set 
eau he eoutrolled readily. Some of the common salts used in .sponging latex 
arc ealeiuin sulfate, magnesium sulfalt*, an<i (•aleium chloride. The proportion 
used is ueee.ssarily small, approximately 1,40 part to the latex mix. The salts 
should be dis.solved in water befort* being added to the latex mix. 


SOITI'.NKtas ANU I'l.ASTlCIZKRS 

Sometimes it is desirable to have a prosthesis that is solid as well as soft, 
but made Avithouf .sponge or foamed rubber. For this purpose softener.s or 
plasticizere arc incorjAorated into the latex mix before it is poured into the mold. 
These softening agents render tiie rubber impre.ssion ntore pliable, a desirable 
feature iiA facial iirosthcses which must move with the m.useles. 

The folloAving are two foriuAdas suitable for this purpose: 


, . No. 1 

■' .STEARIC ACID OR PARAFFIN FORMCEA 


Stearic acid or paraffin 

Olcie acid 

Water 

Caustic potash 
Ammonia solution 


4 Parts 


1 Part 
.5 Parts 

3 Per cent of weight of stearic 
acid or paraffin 
3 Per cent of 26° Be 


The stearic acid or paraffin is melted with the oleic acid Avhile stirring 
A'igorously. These ingredients are stirred into the water containing the caustic 
pota.sh. The ammonia is added while the stirring is continued. The emulsion 
is carried out best at 70° to 80° C. 

No. 2 


JnXERAL OK PARAFFIN OIL FORAItTLA 

A mineral or paraffin oil emulsion may bo prepared by adding 2 to 5 per 
cent of oleic acid to the oil, and then by rapidly .stirring the mixture into water 
containing 1 per cent of 26 Bo ammonia solution. This emulsion may be pre- 
pared cold Avith a concentration of .50 to 60 per cent of oil. 

Up to 10 per cent of the paraffin or stearic acid emulsion may be used in 
the latex mix ; but if 2 per cent is exceeded, blooming usually occure. The min- 
eral oil emulsion does not bloom as readily as the paraffin formula and as much 
as 10 per cent may be used; however, a staining is more likelv to oeenr 
this formula than with paraffin. 

For prosthetic work it is advisable to mix .stock solutions of one or both 
of these plasticizers to he incorporated at the time a latex mix is nre 
a specific prosthesis. ^ pared for 
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Coat/uhnn Deposit . — As ju-i'viou.sly iiirntioiicd, it nuiy lie iioec.s-.s.’iry in pro- 
ducing: the cast to build uji a congulum deposit on nonjiorous agar and similar 
molds to develop .suflieient tliielcness for the east to be of praetieal value. The 



Fir 7. — A. Wien tlio cast Is coiniiletely dry. the mold is opened and tlie rubber prosthesis 
Is removed. This lilustration siiows the front view of tlie vmlrimmcd prosthesis Immedlatei} 
after removal from the mold. 

B The back view of the s.ame prosthesis sliowimr the area to bo Joined to the skin. 
a' ■ ■■ ' — a Jfeero immediately after removal from the mold, 

rj rubber Is iiourcd into the mold and forced down with a niboer 

trimmed ' ' ' ''“d smoothed off with benzine, and tinted before beinB: attached 

to the patient. 


coagulating agent can be incorporated into the agar-inolding composition, or it 
may be applied to the surface of tlie mold. A coagulating agent for mbcing ivith 
agar compositions is magnesium sulfate (epsom salts), because it has no detri- 
mental effect on the agar. Plaster of Paris or unglazed terra cotta molds need 
no coagulating agents, since these porous molds absorb the ivater from thejatex 
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mix and thereby Iniild up a coaguluin deposit next 1o the mold surfaces. Metal 
molds can ])c used for rubber casting, since a coagulum deposit can be built 
up on a metal mold by the ajiplication of beat to the mold before the deposit is 
made. A rubber mold can bo used to cast x'ubbcr, because a coagulum depo.sit 
can be built up on a rubber mold Avbich has been treated prc\iousl\ A\ith a co- 
agulant and a separating medium. A Avax xnold can be treated nilli a coagu- 
lating agent only, as a separating medium is nnncce.ssary. 



c. D. 

Fig. 8. — ^The making of a prosthetic rubber hand and arm, A. The agar composition is 
poured into a cloth hag. Alter it has cooled to near its setting point, the hand and arm 

a.r& tVio 'TVtP. liner nlncprl in ipo ten+pt* ti'Vipfp tt 


p-sar inoia antt ciotti nag* xne nana is men removed. O', Tiie rubber latex composition is 
poured into the hag where it is allowed to stand until a coagulum deposit of about one eiirhtu 
of an Inch is built up next to the mold. The excess rubber is then poured out D After tue 
coagulum deposit has fully set. but not dried, a melted mierocrrstalline flexible' wax Is poured 
as a core Into the rubber cast while the cast is still in the mold. ^ poured 


Where a thick deposit is necessaiy it is adtasable to use a concentrated latex 
The thickness of the deposit is dependent on a number of factors, some of vrhich 
can be controlled at the compounding stage. If un\mlcanized latex is used the 
simple addition of the vulcanizing ingredients increases the Adscosity of the latex 
The addition of 2 or 3 per cent of zinc oxide in particular has been found to 
have an appreciable thickening effect on latex. If more than 5 per cent is added 
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a foinplolo ('(lai'iilatidii < 1 !' (lie oiitirc mixluri* nuiy rc.siiK. .Sonia soluble inefallip 
.salts, such as aalfiiini siilrati* in .small (|ii/iiitilia,s (O.'.l par aant of tba ili'V laibbfv 
(‘(lUtonl), aaii.sa a sUclit tbiakanin"' nn<I ix'IhIvv tba lafa.v sf‘iisitiyo to loaa) bcal- 
inir. By this addition or jirc'lra.-ititisr of tlia lata.s mix. a firm tliial; aoatnUitn 
may ba built up whan (ha mixtura aimu's in aontar>t with liol sni’faaas, Srilt.s oi 
ma'^nc'sium and zina also sorvi? for tliis purposa, 

IV/iara a fliiah aiiairidtmi daimsit is riaaass.-iry on nonjiorous mold.s', tba mold 
may ba dijipad, sjirayad. or jiaintad with dilnii' aaalia arid. Oftan this is done 
aflar Ilia first thin layar of lafax has barn ilapositad. 'J'ba saaond layar will than 
ba ralliar tbialc. Aflar tlii' dapnsit lias aoiiiplalaly roairulalail, flu* axaa.ss acid 
should ba ivasliad away irilh \ral<*r. 

Tlia aoayiilants. commonly amployi-d arc aratii; arid, formia acid, aalciiim 
ahlorida, aaatata. nit rata or formala. zina ahlorida. and ammonium acatata in 
water. Aaatona or alcohol solutions ara also used, dajiaiidin': iijuin the moldiii!; 
mafarial and the conditions nndar which if is dasirad to affaaf a aoairiilalion. 
jMolhyl alcohol has bean of vaiui', bacaiisa of its readily walfinir jiropartias. Two 
or mora coamilanls ha\'(' bi'aii used foeefhar. as. for axanifila, aalaium chloride 
C-t/, per cant) in equal parts of methyl alcohol and water. In fact, I have 
found calcium chloride and acetic acid amon.ir the bast coaynlants for Jiro.stlictic 
work, accordinji to the problem to ba .solved. Tlia .salt wa.s n.sad in the mix and 
the acid wa.s aiiplied to the surface of molds. The coatiiilatimr atranl may be 
painted or sjirayed fin the surface <iC the niohl. or it may ha jioiirad into rinsed 
molds and drained out. It may or may not he ilricd on the form. A conirn^ant 
.should be chosen ami aiijilied in such a manner, liowcv(>r, (hat the ritbher will 
he coagulated immediately, so tiiat there will ha little tamlaiiay for the latex to 
flow or cairse “.sags.” “Sags” may lie the result of two thin eongulalod .surfaee.s 
of latex between wliieli is a deiiosil of tineoagulalefl latex. The\- may .also be 
produced by coagulating one layer over another in liie snma mold, a practice 
which is not always good. It is be.sl to try to build up a deiinsif of .sufllfdcnt 
thicknc.s.s in one pouring. After the deposit is made it must ho dried. In the 
ca.sc of prosthetic riibher hand.s, a inellcd mieroerystalline Avax is poured into 
the hollow hand before it is removed from tlie mold to jireveni shrinkage of the 
rubber and to make the band of iiraelie.-d u.sc. In sueb a ease an nnvnleanizcd 
latex formula may be used, ;i.s tiie hot wax will vulc;iuiz.o the tbiii rubber de- 
posit. 

STI:P.S IX MAKIXG A I’ltOSTIIKTIC IIAXD 

A practical example of building np a coaguliim depo.sit is oliA’ion.? Avhen 
a rubber pattern is to be made from an agar mold for a jirosthetic liand and arm. 
Briefly, the procedure i.s as follow.s. A one-jnccc agar mold is made of the 
donor’s hand and arm by filling a elolli Img with melted agar composition con- 
taining epsom salts. TJio composition .should bo cooled to a point Avlicrc it is 
comfortable to the donor. His hand and arm are inserted into the bag and the 
bag is placed in a deep bucket of ice rvater until the agar sets. If started at the 
right temperature this should take from one-half to threc-qunrter.s of an hour. 
When the agar has set completely the hand is Avithdrawn. Before Avilhdrawmg 
the hand, hoAvever, a slit .should be cut on one side of the bag of agar composition 
opposite the Avrist to allow the mold to spread, so that the largest part of , and 
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can pass throupU tlic siuall op^'nini: fonn.-rly oecipied by the Avrist. ^ 

hand is removed n jmu/.e !mnd:t-e is tied aronn.i ti.e aenr mold at the umt to dose 
the expansion slit. A eoncnlntiim a-iont is jumred into the bag to further tieat 
the surface of the mold. This is drained out and hot air forced m to oi-a the 
surface. Tlie mold is tiieii filled Avith nil.iier late.x Avlueh is alloAAed o .stand 
until a deposit of one-eighth inch is built uj. on the sides oi the agar mold. This 
deposit is caused by tlie opsom salts in the a^al^ plus the surface coagu ant 
After a one-eiuhth inch deposit is built up the remaining rubber is poured out 



pi„ g The making of a prosthetic rubber hand. A. The agar mold is placed in ice 

water B The mold Is cut opposite the wrist.* C. The rubber is poured into the mold. After 
setting the wax is poured into the cast to form the core. D. The cloth bag is removed, and 
then the agar mold is cut into blocks and broken away from the cast. The rubber hand is 
still wet and must dr\- on the wax core. The seam line caused by cutting the agar mold to 
release the hand is plainly visible on the wrist of the rubber cast. This is trimmed off with 
hot instruments after the cast has fully dried. 

and the mold is placed on its open end oA-er a collecting pan to pennit it to 
drain. When the rubber stops dripping, a hair drier, Avhich is a fan bloAvung 
heated air through a small opening, is placed in the open end of the east to 
aid in further coagulation of the cast Avhile it is still in the mold. After the 
rubber cast has coagulated sufficiently to stand handling of the edge.s, it is filled 
Antli a microcrystalline Avax to serve as a coi-e to prevent shrinkase of the cast 
Avhen the agar mold is removed. The rubber at this stage sliould not be com- 
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plctely dry, or cracking wll rosiilk If the wax is not poured at this time the cast 
will contimie to diy from tlic inside and considcral)lc slirinic.'igc Avili take jilnee. 
Tlie agar mold is removed after the wax has set completely hut before the nib- 
ber is dry. On removal, it will Ik; found tiiat .seam lini's were formed on the 
rubber where the mold was cut o|ip(vsitc the wrist. These arc drc.s.s(;-d off with 
heated instruments and all other defects arc repaired. Although .such a hand 
can bo used as a prosthesis for the patient, it is far belt<;r to \isc it as a patteni 
for making a one-piece plaster mold .so that many duplieatc,s car. be made. This 
is done by applying plaster to the nibber Imnd to form the mold. After the mold 
is made, it is placed in an oven and heated until the wax core of the cast is 
melted. The Avax is then j)oured out. A thiti rubber shell of a hand inca.sed 
in a plaster mold remains. By grasping the rubber edges the collapsible hand 
may be pulled fi'om the mold. Duplicate hands are then made in the .same mold 
by pouring rubber into it, allowing the (leposit to be built uf), and i)Ouri?ig out 
the exee.ss latex. The rubber cast may be dried from within by using the hair 
drier. The duplic;ilc hand is lomovcd and the jn'oecss repeated until a sufliciont 
number of prosthescs arc obtained. The tlcxible mierocrystalline wax is poured 
into the rubber hands after removal from the plaster mold to give them .stiffness 
and to make them practical for gr.'isping objects. The fingei's of the piusthcsis 
are simply beJit Avith the natural band info the correct ])osition for practical 
use. The object to be u.scd is then placed into the jiro.st belie hand Avith the 
natural hand. 

The prosthetic hand is colored Avilh oil-solnhle dyes for .softly blended ef- 
fects and Avitb alcoliol-solublc dyes for detail. The oil-solnblo dyes bleed into 
the rubber and permeate (he color through (lie entire (bickness of rubber. Alco- 
hol-soluble dyes do not bleed into the rubber but lemain Avlicre they are placed; 
therefore, they can easily be Avasliod from the surface. Tliis can be prevented 
by the application of a fine coat of .semimatto, laeipier or by the application of a 
latent rubber soh-ent to the prosthesis. .Sueli a .solvent o])ons the pores of the 
rubber temporarily to absorb (he dye. The solvent. cva])oratcs (iiiicldy without 
causing tlio surface of (lie inusthesis to lose detail. Jlixturcs of turpentine and 
benzine serve Avell for this purpose. Tlic turjiontiue acts slow'ly on the rubber, 
Avhereas the benzine acts rather quickly; Ihcreforc, (he turjicntine is used as a 
retarding agent for the benzine. Immediately after tbc.se materials are applied, 
the prosthesis can be Avashed with .soap and Avnter to sec if the desired cfiect thus 
obtained Avill be permanent. 
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BLOOD PRESSURE FLUCTUATIONS IN BRONCHIAL ASTmLA* 


II. Effect of Efixephkin'e and Ajiixophyllix 


Howard Osgood, H.D.. .and Francis E. Ehret, JLD.. Buff.aeo, N. Y. 


T he occurrence in bronchial asthma of C-xeessii'e fluctuations of the sj-stemic 
systolic blood pressure, synchronous ivith the respiratoiy cycle, has been 
noted in the past by a number of observers, among whom are Tinel and 
Jaequelin,' Eackemann,== and Feinberg.^ 

In a recent article’’ one of us drew attention to these fluctuations, and re- 
ported observations on a number of asthmatic patients under various circum- 
stances. The conclusions, which agreed closely ■with those of Tinel and Jaequelin, 
were : (1) During the asthmatic paroxysm there is constantly present an increase 
above normal in the respiratory fluctuation of the systolic blood pressure. (2) 
The amplitude of this fluctuation parallels closely the severity of the asthmatic 
dyspnea. (3) When the asthmatic paroxysm has ended, the respiratoiy systolic 
fluctuation returns to noimal limits. An exception to the third statement has 
been noted ; In certain chronic asthmatic patients, in whom irreversible changes 
ha-^-e taken place in the lungs, there ma 3 ' be present at times a moderate in- 
crease in the respiratoiy systolic fluctuation, even though the patient appears to 
be in little or no distress. 

Further observations disclosed that the sj-stolie blood pressure uniformly 
reaches the highest point during e.xpiration and falls to its lowest point durin<^ 
inspiration, both during the paro.xj-sm and during the asthma-free state Cen 
tain experiments with respiratoiy obstruction in anesthetized cats and in healthy 
young men, which Osgood has reported,- showed a similar increase in the respira- 
toiy sA -stolic fluctuation rvith inereasing obstruction. The timing of the hio-fl 
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I-JIO 

:ni(l low points of tlio lliicf nntioii in tin* r<‘,sjtii',-itoiy cycle w:is ;iIso tlic sjhiio in 
tlicse cxpcriincnfs ;is in Intuicliiiil ;is|liiii,'i. 

'I’lii* detection ;ind inc;isni'cincnl of this li-spir.itoiA’ systolic /Incttinlioti lire 
readily made, nsin;' an oi-dinary siiliyiniionianoincfiM". 'J’lic nietiiod was descriliod 
in a previous i^aper.' 'J’lie iiornial (ln<*t nation in healthy ])or.sons with quiet 
hreatliiiiu^ averaucs about -I nini. ll<j- Avilh a ranijc from 2 mm. to nmi. 

Tlie })resent j)ai)i,‘r concerns the effect on this llni-tntit ion of eitinej)Iirinp and 
of aminojiliyllin. administered for the relief of broncldal asthma. 

l?er!ef from the dysjmea of bronchial asthma induced by the stibciit.mfoiis 
injetftion of epinci)iirinc is nsnally prompt in ai)iiearanee. It is (‘vidciiced suh- 
.ieeti\’ely Ity a rapid diminution of the i-cspiratory distre.''S. and ol)jectivcly ly 
a decrease or disa]ii)earance of tlii‘ astlimatic wlieezes and rales from theliin'.rs: 
or. if there is much mucus present, by a <-oarscnin.er of the asthmatic .soiimls in 
the chest, and sometimes by the cxpectoi-ation of secretion. There is also a h’.ssuii- 
intr or .a complete' ecssati<»n of the viL'oi'ous mns<'u!;ir ('fforts of ri'S[uration and of 
the retraction of the sniirasternal and sui>raciavicnlar tissues. 

Followinu: the intravenous administr;ilion of aminopliyllin with relief, the 
chantjo.s arc; somewhat tlifferent. 'I’liey are not so marla’d and are often slower 
in aj^jicarinj'. They consist subjectively of a feclinn: of m’lieral relaxation ami of 
rele.ise Irom dyspnea. Avhich may In; prom{)l or dela.ved ono-hiilf to one hour, and 
sometimc.s of ti fleetin': feelin;: of warmth. There may also be a eou.uh with 
evacuation of .sputum. ( flijectively there is a deeri'tise in the respinitory efforts, 
as Avilh epineplirine. The retriielion of tlie soft tissms of llie chest Jind the a.sth- 
matic sounds in the hiii'^s, liowc'ver. are aj)l to diminish to ;i le.sser detrree than 
the snbjeeti\-e relief would .seem to indicate. Aftc'r botli drills it is not diill- 
eult to eslinnito elinieally tlie deirrec* of relief afforded, ntiliziiifr tliese various 
plienomena. 

nt.ooi) j'lUvS.siTiir; itndincs ArTi;i! Kfi.Nirnttm.NK 

Charts I and II ])resent the Idood pre.ssnre lindincs in scA'on palicnt.s, all 
suffering from moderate or .severe broneliial asthma at the time. As on all .sub- 
.sequent ciiarls. the liigli and low jioints reached by (he .systolic blood prc.s.sTirc 
during cx])iralion and in.sjiiration, re.siiectiA-oly, are siiowji in mm. IJg, and the 
respiratory Iluetuation is indicated by the eros.s-liateliing between llie.se points. 
The degree of dyspnea at the moment of each reading is indicated by the solid 
black column <it the bottom. IJeloAv llie column is marked (lie time of the in- 
jection of medication and of cacli reading. 

It Avill be noted (Imt tlie .systolic blood pre.ssnre slioAved Avido fluctuations be- 
fore the epineplirine Avas giA-en. 'Witliin ten to twenty minutes after llic in- 
jection the systolic finetuation liad returned to Avilliin normal limits in liiose pa- 
tients Avlio obtained clinical relief. 

Patient F. N. (Cliart I), suffering from chronic asthma of the “mi.xed’ 
type, secured prompt, relief, and in lAventy minutes foIloAA'ing the injection of 
epinephrine the systolic fluctuation liad dropped from 1+ mm. to 3 mm. On the 
other liand, 31. P- (Chart II), avIiosc chronic asthma Avas also of the mixed type, 
obtained practically no relief, and the rcs])ij-a(or.v .systolic fluctuation, Avhieh had 
been 28 mm. beforeliand, Avas .still 23 mm. lliirty-three minutes after tlio injec- 
tion. 
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Tilt! patient C. H. ((’iiarl ID snfHTcd from elironie astliinn of tlic intrinsic 
type nssoeiated with liyp(>rplastii‘ sinusitis, llis severe, recurrent attacks were 
usually relieved 1eni]MU-nrily by e]Mne])hrine. A readiivj in ^lay, 1040, durincr 
a severe ])aroxysni. showa-d a sy.stolie flnetiiation with re.spiration of 24 mm. On 
Au;_mst 3, 1040, lie was seen in trreat distress, with ins skin j^ray and .sweating. 
The respiratory systolic duet nation was oO mm., one of the greatest we have 
okserved. lie was given l e.e. of 1 to 1000 (‘pineidirine and 1 e.c. of cpincpln-ine 
in oil, 1 to 500. He experienced marked relief, and twenty minntc.s after the in- 
.icetion the s.vstolie (luetuation Iiad dropi>ed to G mm. reading eight month.s 
later, when he was in no apparent distress, gave a systolic nuctnatiou of 12 mm. 
His lungs, however, .showed nninerons coarse wheezes throughout. 
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Chart I.~The effect on the respirator>- systolic fluctuation of epineohrinc i , 

relief of bronchial asthma. administered for the 


BLOOD PRES.SURE PIXDIXGS AFTER AMXOPHVLLIX 

The response of the respiratory systolic fiuctuation to the intravenous in 
.tcction of ammophyllin diffcr.s from lliat of epinephrine. On Charts ITT an i rtr 
are recorded observations on two patients to whom euinenhTino mU • 
were given at different timc.s for relief of their n.sthma ^^^^ophyllin 
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I’atii'iit A. B. (Chart III) was sensitive to tree, erass. and weed jiollcns, mid 
to sonic Ollier unidentified faetors. prohahly intrinsie. Her [jaroxysiiis ivcre 
jicriodie and severe, and ei>inephritu' usually yav(‘ relief, tin April J7th shciviis 
seen in a severe attack; her hinys showed many wheezes. The respiratory finetii- 
ation of her systolic pressure was 24 nun. seated, iind dS nmi. ri’ciiiaheiif. Six- 
tenths e.e, of 1 to 1000 epiiu'phrine was i;iv<-n suheiilaneeiusly. while reciiiiihi'iil. 
.Sixteen minutes later she had no distress and the respiratory .systolic, lluelimtimi 
was G mm. recumhenl. ,\ week later she was a',rain .seen in a moderately .severe 
imroxysm with wheezes throughout her luims. 'I'he resjiiratory systolic flaetua- 
tion was 2(i mm. Aminophyllin. 0.24 (Jm. in 10 e.e., was yiveu intraveiunisi.v. 
Twenty-five minutes later she Jiad e.xjrerieneed eonsiderahle .snhjeetive relief, al- 
thouirh not eom])lel<‘, and hei' lunirs still siiowed many wlieezi'S. The lespiratory 
.systolic fUietuation was still 24 mm.: the e.xpiralory peak of her .sy.stolie pressure 
had fallen from 120 mm. to 110 mm. 



Cluirt II. The effect of epinephrine on tl*c reppirntory syylollo flviclujition in bronolii;il aHllnna. 

Patient G. H. (Cliart IV) was e.xceedingly .sensitive to gra.ss and weed pol- 
lens and possibly to molds ; lier asthma was seasonal. .She was seen on July 7 
when suffering from severe asthma. The respii-alory .syslolie fluctuation was IS 
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mm. O.S in 1 to 1000 sohilioii, avji.s given .subeiif.'incou.sly. Sul)- 

.ioetivc relief wns fell in oiglil minutes, niicl wns marked, though incomplete, in 
twelve minutes, jit which time the re.spiratory .systolic fluctuation wa.s 8 mm. On 
Sepfemher 6 she was again having severe a.sthma. One-half c.c. of 1 to 1000 
epinephrine had been in.ieeted by her .son at 6 A.Jt. At 7 :30 am. she was .suficr- 
ing severely, with “tight” wheezes throughout the lung.s. The e.xpirator>' peak 
of her .systolic, ]n-essnre Avas ISO mm. and the respiratory fluctuation Avas 15 min. 
One-half gram of aminnj)hyllin in 20 c.c. AA-as given inlravenou.sly. Ten minutes 
later the expiratory ]icnk of her .systolic pre.ssurc had fallen to 96 mm.; fifteen 
mimite.s after the in.iection it Avas 110 mm. She had great .sub.icctiA’e relief and 
began raising considerable sputum. The re.spiratorA' .systolic fluctuation, hoAv- 
ever, A\-as still AAddc; 16 mm. and 20 mm. on tAvo close readings. TAventy-three 
minutes after the in.ieetion, relief AA-as maintained, hut the respirator}- sAAing was 
still 20 mm. Tavo and a quarter hoiu-s later she Avas somcAvhat dyspneic with 
continued expectoration; the rcspiratoiy fluctuation AA-as 14 mm. She required 
no further medication through the day, hut Avas given 1 c.c. of epinephrine in 
oil at 7 :30 p.m. At 10 p.ai. she had slight dyspnea and her expiratory systolic 
peak was 120 mm. AA-ith a rcspiratoi-}' fluctuation of S mrn. The foUoAAing morn- 
ing she Avas astlima-free. The respiratory systolic fluctuation was 8 mm. 

Chart V presents the findings in C. 6., a married woman aged 29 years, 
sensitive to poUens and to a number of other inhalants. On October 19 she had 
been given adrenalin in oil, 1 to 500, at 4 and at 11 A.5r. At 12 :30 p.m. she 
AA-as markedly dyspneic and orthopneic, AAith retraction of the soft tissues of the 
chest and sonorous sounds throughout the lungs. The respiratory systolic fluctu- 
ation was 40 mm., AA-ith the expirator}- peak at 140 mm. She was given 0.25 6m. 
ammophyUin in 10 c.c. intraA-enously. Fifteen minutes later she had felt some 
relief, but the systolic fluctuation was still 40 mm. Eelief was progressive and 
tAvo hours and forty-five minutes after aminophyllin she was very comfortable 
Avith only slight dy.spnea and some AA-heezes in her lungs. Tlie respiratory fluctu- 
ation of her blood pressure, hoAvever, was still 26 ram. Tavo days later 'she Avas 
free of dyspnea and the respirator}- fluctuation was 11 mm. and 14 mm. The 
lungs still contained some sonorous rales. 


J. 6. (Chart ’ta) , a colored man of 42 years, had long bouts of severe asthma 
flue to intrinsic factors and to foods. He shoAA-ed at times frequent premature 
ventricular systoles, although there were no significant electroeardio-raphic 
euanges or other signs of cardiac disease. His blood -SYassermann was neo-ativc 
Epinephrine afforded so little relief that he refused its admini-stration and“asked 
for aminophyllin. Before injection of the latter drug he Avould be sitting un 
feet over the bedside, wheezing, coughing, and sAveating. After its iniectiL n ’ 
Avould quiet doAA-n in a few minutes and lie semirecimihent, althou-h irely did 
his chnst clear of Avheezes. As Aiill he noted in the chart, the response of 
systolic fluctuation to the drug Avas rather irregular. In General ther^ ^ 
fall in the level of the expiratory peak and a decrea.se in the reSatom " 
ation, although not so marked a.s after epinephrine in other patients ' 

Chart VII gives the blood jircs-sure readings on patient -Al vr ♦ i 

and after six intravenous injections of aminophA-Hin and Uvn ^^efore 

jections of epinephrine. nopinum and tAvo subcutaneous in- 
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Slu' WHS nil iimiiiUTicd woinnu. n^crl 2-1 y«*nr.s, sciisilivr to frrnss' aiid wtol 
jKillons, to orris, niul to some other inlialniils. She h:i<l iiiid reeiirrenl altai’ks 
of nstlmin since ehildhood, whieh in reeetil years oe<-nrred eliietiy in the sunirnor 
and fall, and lasted several weelcs at a time. She had develojied siiriirisinrly 
few pernninent ehanires in the Inntrs or eln.st <-ai:e. Three years of liyiiosonsiti/^ 
intr treatment Innl not jn-odneed very sat isfaetory ii'snlts, Jler paroxysms were 
difiieiilt to control and she was rather “sensitive" to epinephrine. Be.st ivlicf 
was secured with aininoiihyllin, althoui;h it was rarely complete and was slow 
in appearing. 
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Cli.-irt III. — Conipioiitivo efCcct.s on tlie re.upiriitory sj-.stollc fluctimtlon of oiiinoplirine and of 
nnilnopliyllin, administered to a patient In separate iiaro.s.vsms of asthma. 


In her cliart it will he noted that with .severe dys]mca, the resjiiratory 
tluetnation of her .systolic hlood prc.s.sure was wide, var.ving hetween 22 mm. and 
40 mm. before either dni'? had heen <rivcn. After the two epinojihrinc injec- 
tions (July 3, 1939, and June 13, 1940) she obtained little or no relief, and the 
I’cspirator.v systolic fluctuation did not decrea.se in .•im)flitnde ; the cxpiratoiw 
peak rose slightly. 

The six injections of amino]fli.A'llin afforded considerable llioiigli incomplete 
relief. She felt “more relaxed” afterwards. Following tlirec of the injections, 
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tlio iT'spiViitory systolic IhicluiUioii (k'or(>jis«>(l slightly (hy 10 iniii., 16 inin., ;iiul 
14 Him. respect ivi'lyl. but <liil not retnrn even to near normal limits dnriinj: tlie 
prriod of observation. After the otlier tbret* in.jeetions tliere. was a sliebt deereasc 
in the tbietuations (6 mm., zero, and 2 mm.). With aminopliyllin. siieh i-dief 
as oeenrivd si'imied to follow more a le.oderate fall of the cxiiiratoi-y ]ieak of the 
sy.stolic ))re.ssure than a deerc'ase in the res])iratory flneluation. 

Two months later, after .she had been asthma-free for five weeks, the re.spira- 
tory systolic fluctnation was S mm. 
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ry. cw-jiz: 

>-hart lA^— Cpmparative effects on the respirators sv,stoUc fluetnat!.... 

aminophyllin. administered to a patient 'in separate” parox^ysms of'^aShma^”^ 

Discu-saox 

a re^tlt of observations reported by Osgood in two previous articles ^ 
le believes that the enhanced re.spiratoiy fluctuation of the st'stolie blnn/I ' 
sure found in bronchial asthma is dependent upon and^n; 

«t <he cb.tn.e,ion ,ospira,io„ apd ,L a 

Signals a reduction of the obstruction. Consequentlv the nheo - i normal 

fluctuation to normal, tvhen relief follows epinephrine ^i^^ Return of this 
the «,ief evith ,„ia dr„, ia aW b, , d Jet rele;a:Xt£rrlUi:l 
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.spasm, or of broncliial (slcma. rjr of holh, Wlini roliof is (/hfairiod with amino- 
piiylliii. .jinliriii”^ rroni llic fact iliaf the respiratory .sy.stolic fliicliialion (Im-nasw 
l)nt (Iocs not j'clnrji <'iilircly to noianal limil.s-. wc may coik'IikIc that tliciv iin.s 
lii'cn clinical evidence of .vome lironclmdilalation with this driti: aKu That the 
fluctuation does not dec/'easc appreciably, <dther after cjiineplirinc or amino- 
phyllin, wlien no relief is secured, indicates that tlie broiiclda] ob.st ruction has 
not been released. 

Since relief \vi(li aminophyllin does »nil appear to depend wholly on broncho- 
dilatation, the question arises as to what mechanism is here involved. 
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Cliart V. — Tlio effect of niiilnopliyJUn on tlie re.ipir.-iturv .>.-v.MfoUc (luctmUlon wlien relief is 

Secured. 


Those patient.s who were given amijiopliyllin were in general suffering from 
more obstinate asthma than those given epine])lirine. and many were “cpincioh- 
rine-fast.” It is po.ssible that in .sonic of l)ie.se jiatients retained hronehial secre- 
tion tended to maintain partial obstruction, thus continuing tlie wide respiratory 
fluctuation of the systolic lilood ])ressurc. This would not., however, explain the 
rather uniform iiersislcnce of a wide fluctuation after aminophyllin with relief. 

If the asthmatic patient continued normal rcspiratoi-j' movements during a 
paroxysm of bi’onehial obstruction, there would be insufficient ventilation to 
eliminate properly 00^ or to take in Ojj liypereapnia and anoxia ivould result. 
Leaving out of consideration the possibility that nerve impulses from the lungs, 
initiated by tlie respiratory obstruction itself, induce d 3 'spuea, it can be assumed 
that the asthmatic dyspnea is a reflex response of the respiratory centers, de- 
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Cliiirt AT — Tho oCl’c'ct of nnilnonliyllln on the rcsiilnitory .syatolle lluetimtloii with vni'lnhlo relief. 
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Chart VJI, The effects of opJnophrlno an»l of aminophylUn op lb»» r»*M\*initory tUK*Uo\tloii In nu o;p>iiii?iiJr j>:iti*‘ni n’ftactary to ttr-itin'-til. 
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pcndont jiniiinrily niton llu' ('•>„ contont ol tlio Itlood nnd sct-onclju iIa on sAtu- 
ration. If oxyiron is ;iiiininisfci’<‘(l. Ilio iKiliont rvill cxporionci' sonic .sub.iecti\c 
relief even tlutu^h Ihc Itroncliial oltstrnction is not released. The nstinnatic tjpc 
of hrcatliinc: pei’sists, Iteeanse if it did not, (..O.. %s’ould aeeunuilatc and soon 
.stimulate the respiratory eenttO’s to fnrtln'r ar-livily. Aininojiliyllin is .said to 
produce vasodilatation of the coronary arteries (!'. M. Smith, et al., ’ Lssex, et 
al.") and of the renal arterit's ( Desehainjts'') and to increase the total blood flow 
throuirh the pidtnonary circulation (Milcliell”)- ^'hc last action would expose 
more blood ]ter minute to tlie alveolar membrane and so promote more rapid 
elimination of CO., and ijreater oxyfienation ot the blood. T he re.spiratory cen- 
teix would he subjected to the lesser s'.imulus ot a lower blood GO, content; the 
anoxia would be reduced. The iiatient would then experience an appreciable 
diminution of bis dyspnea. e\’en tboutili the bronchial obstruction was only par- 
tially released. 

An alternative .su])]iosition, from a purely speculative point of view, is that 
part of the physiolo.'.dc resimnsc in human beings which oventuate.s in bronchial 
a.stlima may be a pulmonary arteriolar spasm, similar except for reversibility to 
that occurring in rabbit anaphylaxis. The obliteration of this arteriolar spasm 
by the vasodilating action of aminophyllin would then explain in part the relief 
of asthma by this drug. This hypothesis invites further .study. 

In either ease, an improved blood flow throughout the pulmonary circuit ap- 
peal's to us to be an important, if not the principal, factor in the relief of asthma 
by aminophyllin. 

Our interpretation of the data presented here is highly theoretical and open 
to diseu.ssion. It raises a number of questions. Docs the venous pressure fluctu- 
ate Avith respiration in asthma, and if so, what time relation does its fluctuation 
bear to the arterial fluctuation, and how is it affected by epinephrine and amino- 
phyllin? What are the variations of the intrathoracic pressures in asthmatic 
patients as related to the respiratorj- systolic fluctuation, and to relief? What 
changes occur in the blood CO, and the arterial 0, saturation, and in the pul- 
monary circulation time before and after these drags? These are answerable 
only by investigation. It is hoped that others will make additional observa- 
tions along these lines, testing our findings and carrA-ing them further. 


COXCLUSIONS 

Following the subcutaneous injection of epinephrine, if relief from asthma 
is obtained, the respiratory sy.stolic fluctuation decreases to or near the normal. 

FolloAA-ing the intravenous injection of aminophyllin, if relief is obtained 
the respiratory systolic fluctuation may deerca.se, but not to an extent comparable 
to that A\ith epinephrine, 

FolloArtng either drug, if relief is not secured, the respiratoiy systolic fluctu- 
ation remains wide. 

It is suggested that the principal action of aminophyllin in relieving asthma 
is by increasing the blood flow through the pulmonary circulation by vasodilat 
tion and that its bronehodilating effect is of seeondara importance " ^ 
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rOLLl<]N .SlUn'HVS in TJIE united STATES: 
A CMMTJCAL EEVJEW*^ 


PniLii* ^l. Gottlibu, I\I.D., and Ekicii Ukhaoii, PinbADKid'niA, Pa. 


C AREFUL ctiologic diagnosis and specific therapy of hay fever presuppose 
an accurate Imowledgc of the pollen in the air in the patients’ vicinity 
capable of producing pollinosis, and of the seasons during ivhicli the pollen is 
present. Although in a given connminity a relatively few plant.s are responsible 
for the vast ina.iority of pollen sensitivities, in the remaining cases it is precisely 
due to the pollens Ic.ss conuuon, and hence more diflicult to appraise, that such 
information has particuhir A-alue. since it makes ])o.ssiblo the selection of the 
proper pollens to be used in testing. Aloreover, il is a Avell-known fact that only 
a small minority of patients arc hypei’sensitive to but one pollen. And even 
those phj-sicians avIio elect to use an extract of only one species of pollen for the 
treatment of a case with multiple hypcLscnsitivities do not deny the necessity 
for thorough etiologic diagnosi.s. Furthermore, it is often desirable to comiiare 
the .symptoms of both treated and untreated patients, particularly those who 
fail to react to tests despite evidence of clinical liA-jicrsensitivencss, or those 
who react in the absence of such OA'idenee, Avith available phenologic information. 

For all these reasons, the accumulation of dependable data concerning the 
distribution and pollination times of plants causing pollinosis is a fundamental 
step in the clinical management of hay fever. Since the pioneer studies of 
Schcppegrell and Durham, a considerable store of information has been amassed. 
Yet, for a territory as extensive as continental United States, there are still many 
gaps in our knowledge. AVe are aware, of course, that many unpublished ob- 


•From the AlIerErj- Service of tlic Jewish Hospital, Plilinclelphin. 
neceived for puhiication, December 29, 1942. 
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I’OIA.KN STIKVr.Y.S IN UNITKD STATI-'; 


, , 1 not concern ns here. It is the pur- 

scrvalims |w„ l,c™ raporlcl ami on this 

i;:;- :l I'l;:::,,::: ■ „n.. pc.To„no„ . .0 „ave 

TirnnlCmnn-loHonU mnumoriao ^0:^101” 

,ia, „I „.c in .no nayo: l.o.anioal 

found in a recent article. I olleii . . nf Hip recorded investi"a- 

or field ohservation.s. and atmospheric pollen counts 
tions, over one-half arc based on the former approach, about one-thud 
ter, and only about a score on a eomhination of both. 



LOGAUTIES FOR IfEICH DATA Affi- 
•Adequate for trees, grasses 
O Inadequate 
XFor rageeeds only 

^Adequate for ragweeds. Inadequate 
other plants 

APFA3 FOR TfKICH DATA A^- 
^ Xflequat* Inaiequate 

D Lacking (except for loaalltlei Indloatea) 

* 1 , nntl areas for -which pollen studies have been reported. 

Pig. 1.— Spot in^he lime region is indicated by cross-hatching. 


geographic considerations 

Pollen surveys have been reported from most sections of the United States 
and from some portions of Canada. iVIost of them concern only one city, but 
some include observations regarding one species made in a number of cities. 
Several encompass an entire state or a considerable portion of one. .And a few 
cover several states in extent. Fig. 1 gives the exact locations and regions where 
such studies have been made. They are classified as inadequate if only one or 
a few species are considered, if over-all seasons of groups of plants are given 
instead of individual dates, if no dates are included, or if only a portion of the 
hay fever season is reported. Because so much work has been done on them 
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Jiloiic, llie r;iij;\vce(l oI)sefv,‘if ions jirt* indicalcd sojairaicly. It will bo soon flnif, 
ior sonio ro.ison, llic wosloi'ii jiorlion oi’ (bo oonnfry li;is boon oovorod more in- 
lonsively tlian (lie oaslorn. 

Tlie oilios, oaob ■vvilb a j)o))idation oxooodin^ ]00,0f)f) (aooordin^ lo 

(lie 1940 consns) Jiavo never boon (bo soono of ii poUni survey; Jlij'min''i)am, 
Ala.; Bridfroport, irartford, and Now Haven, (.'onn.; Wilniinglon, Del.; Fort 
A\ayne, Gary, and South Bond, Ind.; Dos !\Ioitios. Jowa; Ka?i.sas City, Kan.; 
(•’’all Bivor, Lowell, Now Bodfoi'd. Somorvillo, and Spriinrfiold, ^las.s. ; Flint, and 
Grand I?a])id.s, ^lioli.; Ganidon, IClizabdb. doi'sey Gily, Newark, 1’atei‘son, and 
Trenton. N. l-tioa, N. Y. ; Akron. Canton, Cinoinnati, Colnmbn.s, Dayton, and 
1 ounfrstown, Ohio; Fri(‘, Koadiny. and Soinnton. J’a.; Chattanooga, Tenn.; 
Norfolk, Va., and Taooma, Wasli. (n addition, (ho following oitie.s of the .same 
size have boon oovorod only for ragwood.s: daoksonville. Flu.; Peoria, 111.; 
Wichita, Kan.; Syraouso. N. Y. ; Houston, Tox. ; and Spokane, Wa.sh. 

At no place in the following .six .sta(<*.s.'' with a ooinbinod population of 
nearl.v nine million, have any pollination studios boon oarriod out : Gonneotieut, 
Delaware, Now Hampshire. Nc'W .lorsoy, Vermont, and West Virginia. If the 
ragweeds are disnjgardod. the following eight states, oontaining over 17]A mil- 
lion penson.s, may bo Jiddod to the li.st : Arkan.sa.s, Georgia, Kan.sa.s, Kentucky, 
JIaino, I\[i.s.si.ssippi, South Carolina, and Wi.soonsin. 

Figs. 2 and 8 show directly for (ho ragweeds and other jdants for Avhioh 
slate.s information is not available or not adequate. In the evaluation here the 
data were considered inadeciuate for a state if only one city within its borders 
wa.s .studied, or if there wis only an incomplete statewide survey. If there were 
studies from two or more widely .sejtarated cities within a state, or if one state 
wide and one city rej)ort existed, the "adequate'’ elassitioation w.-is a.ssigncd. If 
.still more information w;is found, the data wore listed as relatively eom])lcle. 

If separate maps had been ])rop:ircd for trees, grasses, and weeds other 
than ragweeds, the apixsii'anoe of I^ig. tl would have been modified somewhat, 
though in the main the changes would not have been groat. Table I gives the 
number of states falling into each subdivision for each of the ma.ior groups of 
jilants. It will bo seen that the ragweeds are by far I lie most widely covered, 
with trees the least. In addition to the st.ates listed above, there is no information 
relative to the pollination dates of trees anywhere in Louisiana, Ncbra.ska, North 
Dakota, Penn.sylvania, and .South Dakota; of grasses in Iowa, Nebraska, and 
North Carolina ; and of Aveeds other than ragweeds in North Carolina. 


JIOTANIC CONSn)i:KATION.S 


The reports examined varied greatly in the number of species or groiqis of 
plants included. JIany involve only one, tlic greatest emphasis being on the rng- 
Aveeds. Others consider the entire hay fcA'or season, naming from a foAV to oA'cr 
a hundred different plants. In all, 863 species in 312 different genera arc men- 
tioned in the literature (Tabic II). Needless to say, not all of them hear equal 
AA-eight, and in fact 392 species are referred to only once eacli (6 among the rag- 
Aveeds, 123 among the other Avoeds, 169 among the gra.s.ses, and 94 among the 


•AA'g arc fully aware of tlie f!illac.v of jippIylnK- state bordor.s to pollen ‘’Vs- Since a 
number of report.s are .statowUlo in .scope, however, it fonus a convenient, and inucLii rue only 
comparablo, basis of compari.son. 
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Itcos). Tlio.sc urc pir.siiiii.'iltly iiiiinijxirlajif ))!;inls nntionally, iti relation to hay 
fever. A.s mi|ihl ho oxpoctt^d. in proportion to the nutniter of genera or .spoeio.s, 
the Viigweeds Inive receiviM] hy i'iir tin* most attention. The amount of eon.sidera- 
tiou given to the other phuit.s is surprisingly unilorni. It niay he noted that 
0,210 pollination dates Jire included in 1(56 articles, or :in average of about 81 
for each. In general, oi\e report eontiiined the diites for a number of species in 
one locality, or for one species in nuiny places. .Some, of cour.se, included many 
more; others only a few. 



m Ho datp& 

Scant data 
Adequate data 
□ Cosplete data 


Fig. 2. — Sun-ey of the accumulated data concernins the di.'Jtribution .and riollination timft,« of the 
member.s of the ragweed family (.-Vmbro.*iiace.ae) by .state.';. 


T.vr.i.a I 


KojiBEt; Of St.vte.s With .\sb Without foi: Each Geoui- of Hay FEVER-PRObuciS'G 

Peant.s 


SU5IBEP. or .st.vtes 

R.\G^VEEDS 

OTHEr. tVIXDS 

gz.\shks 

TREES 

Entirety Witliont Data 

6 

15 

17 

19 

With Scant Data 

14 

14 

14 

9 

With Adequate Data 

13 

9 

8 

10 

Vvith Fairly Complete Data 

15 

10 

9 

10 


T.able II 

Ay.ui..\eee Por,Ers'.vno>.- Data ix the Ujuted States foe Each Geoup or H.\.y F^k- 

PnoDEcrsG Pi_\sts 




NUMBER or 
GEXER.S. 

XOIBER OF 

SPECIES 

XUilEER OF 
TIjrE.S 
tfEXnOYED 

-VVEKAGE SVM- 
EEK or TI,tfE.S 
AfEXTIOSTEI) 

CEr. spEcrrs 


Ragweeds 

Other Weeds 
Gra.'ses 

Trees 

Total 

4 

122 

lOS 

78 

.112 

30 

207 

325 

241 

SG3 

748 

14.93 

1071 

1298 

.5210 

24.9 

5.G 

5.1 

_ .5.4 

5.9 
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Wc do not for ii inonionl inninlnin, eiliuir licro or in llic sncccedin" two 
tables, tliat flic nuinbei' of limes a plant family, ffcnns. or .sjiocies is mentioned 
need necessarily be an index of its importance in iiollinosis locally or nationally. 
It will be seen, however, tliaf there is lilcely to be some eon-elation. i\rorcover, 
it is thought that these summarized slafisties might be of interest in showing 
where the attention of the workers in this field is directed. 

Table III contains a list of the most important genera, the number of species 
of each considered, and the total number of times each is referred to in the lit- 
erature. 



Fig. 3. — Snn-oy of tlio acciiinulatcd data coiicornlnc tlic <li.“tribiilloii and ixilllnatlon time..! of 
trce.s. Krassc.-i. and wi.od.s not ineinbcr.s- of Uio lainvccd f.aiidly. by state.'". 


Table lists tlie individual .species named most often. While notations of 
the “ragweeds” without ditTerentiation of the specific re])rcsentatives by far 
exceed all the rest, it is interesting to note that three grasses and two weeds sur- 
pass the leading ragweed. The sum of the figures foi- the three ragweeds in- 
cluded, however, reaches an impre.ssivc total. It will be seen that onl.v four 
trees are to be found in the table. This is merely a reflection of the fact that 
many studies give dates only for the genera of trees ratiior than for each type, 
and that the statements in others arc divided rather uniformly between a num- 
ber of trees in each genus. Hence, few individual species were able to accumu- 
late any considerable total. 

Finally, it not infrequently occurs that a com])arison of the pollination dates 
reported by two or more investigators for the same place reveals considerable 
discrepancies. For instance, the season for elm (Ulmns) in San Francisco is 
"iven by Rowe= as January and February, and by Deamer and McSIimF as the 
second week iii jMarch to the end of April; for orchard grass (Vactylis glomcr- 
ata) in Richmond, Virginia, by Vaughan, Graham, and Crocketf* as Februaiy 
23 to June 14, by Blanton®" as June 6 to June 23, and by Vaughan®® as June 
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niul July: iiiul for "iniit vaiAWi.'ivl (Avi/irosid trififht) in Sail Antonio, Texas, by 
French''’ as July 2'.) to niid-Doccinher (fii-st, frost), and liy Kahn' as mid-Septem- 
ber to the end of Novomher. Many other similar examples could be cited. Tliese 
discrepancies may be (‘X]>lained by differences in method, by the fact tlial the 
studies rvere conducted in different years, or by otiier factors. In many in- 
sfancc.s, however, there ai)]iears no direct statement as to the techniques em- 
ployed; the year in wliich the work was done; whether the season observed is to 
be taken .ns typical for tiie locality; and other pertinent information that is e.s- 
senti.nl if adequate comparisons are to be nnule between surveys by different in- 
vestigators in the same are.-i. V.nri.ntions in the slated ]n’ev.nlencc of plants arc 
as great or greater. 

It is beyond the scojic of the present paper to di.scuss in detail the tech- 
niques for determining pollination data. An evaluation of present knowledge, 
however, requires some consideration of the methods by which they are obtained. 
Since certain unavoid, able sources of error inherent in these procedures are dis- 
cussed elsewhere,! they need only be enumerated here. In brief, they include 
variations from year to year in the pollination dates of a given species, and in 
the relative abundance, pollinating capacity, and clinicjd importance of dif- 
ferent plants, depending on meteorologic conditions : effects of the local groivtb 
of cultivated or uncultivated .species over a small area ; unirsual conditions of ex- 
posure ; and the influence of altitude on the pollination dates and nature of the 
flora even within a comparatimely limited region. In addition to these factoi-s 
however, there are in many studies certain deficiencies which could be rather 
easily controlled by a careful application of, or slight modification of. the method 
employed. The nature of these shortcomings and the means bj* which thev mirrht 
be overcome may best be discussed separately for each type of investigation. 


BOTAXIC.VL SCKVEYS 


In the first place, casual botanical surveys are of little value, .since the er- 
rors of random sampling may easily affect the findings to a great degi’ee. Onlv 
when the region under consideration is painstakingly analyzed from the botanical 
standpoint and an adequate number of “stations” designated, will the results 
be significant. Then, each station must be frequently and regularly vdsited 
and detailed notations made of the relative frequency of each anemophilous 
species, the date of onset and termination of pollination, and the abundance o^ 
pollen produced. To insure that the precise dates of each important speeie.s 
can be recorded, the obsenmtions must be made at .sufficiently short intervals 
The average figures for all the stations may be considered characteristic for the 
area studied. Examples of investigations so performed include, amon- others 
the surveys of Chicago by Koessler and Durham,^ of the eastern shore of San 

Holbrook, Arizona, by Lamson Ld 

In this connection, it may he noted that there is no scientific iastification W 
assuming, as many author.s do, that the findings in one eonimwrtU - ^ 

sarily representative for the .surrounding region, the state or n 
section of the country-, unle.ss such a conclusion is sunnor/fd u 

throughout the designated area. Thus, Lamson and Wa^rv”^h^' 

atm stiowed that four 
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towns in nortliorn Avizoini, iilt!iou"li only from 42 to GG miles apart, had very 
few siieeies of plants in eommon. (tomparalde observations iiavi; been made by 
Sellers’" in Texas, ^Mullin'-' in Colorado, and by otliei's elsewhere. 


Taiiu: 111 

(ir.M:i:.\ Most ri:i:()iT:.s'Ti.v Mi:stionkii i.v Tin; LnT;i:ATi:i!K 


Nl'MIlKi: 

nr 

xrMijKi: 

OK 


TIMK8 

fiKN'I'S OK 

TIMKS 

spjiuirs 

MKN'TlONT.t* 

SCKCIKS 

MKNTIONKn 


Kapvoed (.Vmlirosiii) 
Miirsli Elder, Poverty 
Weed (Iv:i) 

Coe.kleluir (Xontliiiiin) 
PaPe PapAvei’d 
(Pranseria) 

Other n'eids: 
Sapel)ru.“li, Woraixvood 
(.Arteini.xia) 

(ioosefool ((;iierio|i(iiIiiita 1 
Pi irxveed ( A ma ra ii t luis ) 
Paltliupli, Oraelie 
(Atriple.v) 

Dock, ,‘>orrel (Puiiie.v) 
Plantain (Plantago) 
ltii.“Hian Tlii.xtle (Palsola) 
Piirninir Push (Koehia) 
Water Ilenii) (Aenidal 
Kettle (Urtiea) 

Sunflower (nelianllius) 
Dandelion (Taraxacum) 
Ooldenrod (Solidatio) 
neinp (Cannahis) 
Orea.sewood (Sareidiatus) 
Winter Pat (Eurolia) 

Orassrs; 

.Tune, Plue (Poa) 

Proine, Chess (Proinus) 
AVheat Grass, Quaedt 
(Apropyron) 

Tiniotliy (Phlouin) 

Pod Top, Pont 
(Affro.stis) 

Orchard (Dactylis) 



‘J70 

Willi Evi' (Elvimi.i) 

•S 

i1,1 

s 

IM 

Wihl Parley, Puxtail 

S 

52 



llliinleum) ' 




S‘*» 

Ifav Griis.s (Loliuin) 

■1 

52 

c 

71 

Periiiiiilu (Gviioiloii) 

1 

.12 



.niliiisdii (Iloleus) 

-1 

■la 



Parnviinl ( Eehiunehliia) 

•1 

*' '» 



Oat.i (Arena ) 

;; 

20 

07 

“44 

SjiitK 


20 



(■I)i..>lielilis) 



PI 

pm 

Paiiie Grar.ii (Paiiii’iim) 

17 

27 

0 


Sweel \i'rnal 

1 

2 fl 

"27 

140 

( Aiitlnixanthum') 





.‘'imit Gra>s. Push Grass 

0 

21 



(.•Sporolxilus) 




l*»o 

Pcxtail (Chuetoehl(ia) 

5 

21 



< 'orii ( Zea > 

1 

2} 

•1 

.(.s 

Koeler’s (Kiieleria) 

1 

2a 

0 

2.*> 

! Tri(.i; 



(> 

4)0 

Oak ((iuereus) 

ai 

pia 

1 

21 

Poplar, Goltcmwooil 

20 

PIO 


20 

(Populus) 



•1 

10 

Maple, Pox Ehler 

10 

ion 

1 

10 

(Aecr) 



1 

PS 

Elm (I’lmus) 


so 

1 

17 

tVillow (8allx) 

20 

os 



Pircli (Pelula) 

10 

01 



.luniper. Cellar 

s 

02 

10 

ps.-, 

(.1 uiiiperus) 



20 

10.1 

.•\sh (Praxinus) 

11 

:10 

12 

SO 

Pine (Pinus) 

11 

;10 



lliekorv, Peean (Carva) 

8 

.11 

I 

SI 

AValmii (.Tuglaius) 

“) 

ill 

<1 

70 

Alder (.Alnus) 

{] 

12 



Sx-eamore (Platanus) 

A 

ao 

0 

72 

ifazel (Corylu.s) 

n 

• t 

27 


Certain deGeieneies eneoiintered in field surveys could be readily avoided. 
iMany reitorts identify jtlants only by eommon names, which are often ambi'iuous 
and overlnppin<r. Use of the technical nomenclature is far more ])rcci.sc and has 
the additional advanta”:c of indicat iiifr botanical rohitionship.s. Some studies 
group considerable numbers of plants into rough seasons, such as ‘‘.spring” or 
■‘fall,” rather than giving the se]>aratc dates for each; others sitecify pollina- 
tion times only by months, although gretiter accuracy would be desirable. The 
amount of consideration, if tiny, given to the ])revaleuee of difi’erent plants 
varies tremendously, as docs the explanation of the iirocedures by which the 
data arc gathered. 

Reference to herbai-ium .specimens to determine the distribution and pol- 
lination times of plants, while it was of u.se in the early period of ])ollen studies, 
is obviously inadequate and requires no further discussion. 
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But even when must cjirefully jiurfonm’d and recorded, tlic ijotaiiical survey 
by its very nature must stiB iie a comparatively crude method, particularly in 
estimates of the jirevalencc of the ]ilants and tiie aiiundanee of pollination. And 
even when only anemophilous sju'cles arc considered, if gives no iniormation as to 
how far the pollens are carriecl hy the wind and whether they ever reach the 
vicinity of any considerable nuiuhcr of people. 


T.Mii.r. IV 

SCKCIKS Most rCKQVK.STl.Y Mk.ntionkk is TUK LlTIT.ATCr.E 


SPECIES 


SUMBEP. OF TIMES 
MESTIO.VED 


‘•Ragweeds’’ (species not identified) 

Russian Tliistle {SnUola jirstifrr) 

June Grass (/'on pretnasis) 

Tiniotliy (PWciim pratc-nxr) 

Lanilj's Quarters (C/icnopor/ium nlbitm) 

Orchard Grass (DaclyJi.c yloinrrata) 

Dwarf or .Sliort Rngrveed (Jtnhrosin clalior) 

English Plantain {Vlantatjo lanccnlata) 

Red Top (Jpro.stis alba) 

Red Root Pigweed {Amaranfhux TCtroUcrus) 

Giant or Tall Ragweed (.Imhro.ttn trifida) 

Bermuda Grass (Cynodon dactylon) 

Burweed Marsh Elder (Iva xanthifolia) 

AVestem Ragtveed (Jmbro.iia psilostachya) 

Annual Blue or Low Spear Grass (Pon annua) 

Sheep Sorrel (Pumex acetoscUa) 

Box Elder (Acer neyundo) 

English or Perennial Ray (Bye) Grass (LoUurn perenuf) 
Curly or Sour Dock {Pumex crispus) 

•Tohnson Grass (Bolrux halcpensis) 

Canada Blue Grass (Poa compressa) 

Quack or Couch Grass (Agropyron repens) 

Burning Bush, Firebush {Kochia scoparia) 

Small Poverty AVeed (Iva axillaris) 

Sagebrush (Artemisia iridentata) 

False AA'estem Ragweed (Franseria acanthicarpa) 

Meadow Fescue (Fesiuca elatior) 

Mugwort, AA'ormwood (Artemisia vulgaris) 

Common Plantain (Plantago major) 

Salt Grass (Distichlis spicata) 

Sweet A^emal Grass (Anthoxanthum odoratum) 

Barnyard Grass (Ecliinochloa Crus-galli) 

Spearscale, Hastate Atriplex (Atriplex hastata) 

Com (Zea mays) 

Cocklebur (Xantbium conadense) 

Foxtail Grass, AVild Barley (Sordeum juhatum) 

Giant AVild Eye Grass (Elymus eondensaliis) 

AAJiite Elm (Vlmus americana) 

Giant Poverty AVeed, Bough ilarsh Elder (Iva ciliaia) 
Hemp (Cannabis sativa) 

Pasture Sagebrush, Mountain Sage (Artemisia friauJn) 
Black AValnut (Juglans nigra) ' 

Cottonwood, Carolina Poplar (Populus deltoides) 


2.SS 

SJ 

S4 

S4 

70 

6S 

C6 

G1 

59 

69 

57 

52 

49 

4S 

40 

39 

OS 

38 

3S 

34 

32 

32 

30 

29 

28 

25 
28 
27 
27 

26 
26 
25 
24 
24 
22 
21 
21 
20 
19 
19 
IS 
IS 
17 


POLLt:;^ COGIATS 


The pollen count or the direct determination and identification of the noU 
in the air, then, is free from these two objections, since it is a quasi-quantitatiwo 
measure of the actual quantity of the allergen (assuming each pollen ' f 
the same species to contain an equal amount) in the immediate provim't^^r^ ” 
patient or a given population group, depending on the place of expo ^ 
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siinplcsl. IcciiTiiquc merely allows llie air-borne pollens (o fall by {gravity lo the 
surface of a niieroscopic sliile coaterl with a viscous substance, and the number 
cauirbt on a fixed area (c.?., one square centimeter, one square inch, one square 
foot, or l.S square centimeters) dtirinfr a unit time, usually one day, is counted 
and calculated. At the same time, lliey may be identified within the limits of 
the botanical differentiation of jiollcns by eomi)arin<j them with their Iniomi 
characteristics’^’’'' or with a reference collection of the different kinds. Needlo.ss 
lo say, such “differential eountinq” of the jiollcns j'iclds far more useful data 
than arc obtained from total counts. 

The morjdiolo^y of the j'rains will vary dependintr on the adhesive (petrola- 
tum, glycerin, glycerin .icily, corn, linseed, or cedar oiP”) .selected to apply to 
the slides. Likcwi.se, stains (Lugol’s solution, methyl green, Caberla’s .solution, 
aqueous or basic fuehsin, aqueous eosin, or nigrosin) or a contrn.st color method=‘ 
may be used, if desired, to modify the mieroscojiic ajijicarance. Such varia- 
tions in technique are at the choice of the investigator, who should, of course, 
be familiar with their effects. They may, in some in.stance.s, facilitate the identi- 
fication, but it should be recognized that they do not in any way afTcct the actual 
findings nor lead to more minute differentiation. Itcecntly, specially prepared 
slides have been siiggosfod”-- lo sjieed the counting and lo ensure accurate 
measurement of the surface area covered. 

Various types of ajijiaratu.s-'’"'' have been advocated to obviate the effects of 
gravity. It is of interest to note that Blackley himself over sixty years ago de- 
vised an iinpingement method. IVliilc they have the advantage of permitting the 
collection of the pollen to bo completed in a .short jieriod of time and thereby 
of detecting rapid fiuctuations in the degree of atmaspheric pollen pollution, 
they arc too cumbei-somc for widespread practical ajijilication and provide no 
more information utilizable clinically than do the usual teelinique.s. Studies 
based on slides exposed during airjilanc flights-'’-"*' have increased our Icnowl- 
edge of the behavior of pollens in the upjicr air, but are likewise not clinicallj’ 
applicable. 

Probably the greatest single di.sadvantagc of the pollen-counting method is 
the inability to difi’erentiate between related tyjies of pollen grains. For c.x- 
ample, the pollens of all tlio gnusscs are identical or iicnvly so. Likewise, all the 
members of the family Ambrosiaccae, including the various ragweeds, false rag- 
weeds, mar.sh eldei-s, and cocklcburs must jjcrforce be grouped togethei-, as do 
those of the order Chcnojiodialc.s, containing the pigweed (Amaranthaceac) and 
goosefoot (Chcnopodiaceae) families, since they arc microseopicalL' indistin- 
gui.shable. This constitutes, of cour.se, a serious obstacle to precise work in this 
field. It may be hoped that by means of differential .stains or other techniques, 
a method will be developed in the future lo obviate this difficulty. Tlie pollens 
of the various genera of trees, on the other liand, are morphologically distinc- 
tive. 

IMost pollen counts have been jicrformcd in cities. Just as \vith field surveys, 
it is necessary for best results to utilize a number of carefully chosen stations, 
since differcnecs of terrain, elevation, the presence of tall structures, variations 
in the flora of the outskirts and in prevailing winds will greatly affect the find- 
ings. Such multiple station pollen counts may be exemplified (the list bemg 
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by no moans coinjilolc) by ibo. studies of Koesslcv and Tlurham^ in Cliicago, 
Kowe'' in llic San bb-ancisoo Hay area. Aofiuaronc and ftay^"' and Pattci-son and 
Gay'‘ in Baltimore, and Doainer and ^bOIinn' in San ]<'i'aneisco. There is little 
to lie gained by emjdiasizinix tlic difroroncos between closely situated stations, but 
the figures for all of them may well be averaged for the community. 

The intensive ]mllcn studies by O. C. Durham in con.iunetion \\-ith the 
M eathcr Bureau over a number of years in many of our large cities haA'e I’esulted 
in the accumulation of a considerable fund of information. Unfortunately, they 
have practically all been confined to the “ragweeds.” including all members of 
the family, without consideration of other plants. While ragweed unquestion- 
ably is our most important plant causing pollinosis, only a small minority of 
fall hay fever victims arc hypci’scnsitivc to its pollen alone; most of them are 
also allergic to other species. ^Moreover, in the interests of scientific accuracy, 
it is highly desirable to break down the family into its individual representatives 
in order to correlate the patients’ symptoms with the pollen content of the air, 
to test adequately, and to treat specifically. 

The authors have observed that the figures for ragweed as issued by the 
Weather Bureau often appear lower than the sjunptoms of the sufferers would 
seem to warrant. This is presumably due to the fact that the slides are exposed 
at the top of a tall building in the center of a built-up metropolitan area, an 
ideal place for mcteorologic observations, rather than at the ground level (or 
more preeiselj-, the “breathing level”) in the residential sections, where the 
emmts may be assumed to be considerably higher because of the effects of gravity 
and the proximitj- to fields and vacant lots. This illustrates the importance of 
choosing the sites of exposure with care, and it may be advisable, as well, to 
include neighboring suburban areas for similar reasons. In short, it would be 
advantageous to place the slides where the majority of the population spend the 
bulk of their day. 

It has been customaiy in most of the reports to give graphs or tables of the 
daily fluctuations of the pollen counts. While this is informative, clinicaUv it 
is only of minor interest in the indmdual case, since every sufferer and everv 
physician is already well aware that there will be variations in the severity of 
the sj-mptoms from day to day, and indeed, from hour to hour. Moreover be- 
cause the curves vary so greatly from year to year (for example, see Durham^^) 
the experience of previous seasons cannot be expected to hold in the future 
Hence, these quantitative considerations are of little value as compared witli 
the simple knowledge of the species of pollen present and the exact beeinnin'^ 
and end of the pollination of each. 


The gravity method has been criticized as giving no real measure of tlie 
number, or weight, of pollen grains per unit volmne of air, since each species 
of pollen falls at a different rate. Various formulas liave been demsed to obtain 
a volumetric value by appljdng to the pollen counts correction factors based 
on the size and shape of the gi-ains, as well as on the surface irregularities of 
those which are eehinated, winged, or sculptured. Scheppe^reU^^ first m 7 
such an attempt based on Stokes’ fomula. Errors in his application of th! 
physical principles were discovered by Cocke," and mistakes in the enlr.,u 
of the latter were pointed out by Dahl and EUis^s 'pj _ ,. ^“ons 

j-iie last-mentioned and 
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Dnrliiun-'" luivo jilso ('iiii)li:isiz<‘(l llio siirni(ic;mcc oC v.-irijilioiis in (ho wciirlit 

iind spooifio f^rfivily. 'I'lioir Inivo boon sonic (lifiVronoos oC opinion ((hiokop'- "' 
-Dnrliiiin,"’ Ilinvc's, Smnll, .ind .Milh'r,'"* and Dahl and Mliis’^") as (o (lie advan- 
(afre or disadvantajro of oinpioyinjr nndhomalioal oorm-tion faotoi-s so as lo oh- 
tain a more acenrato index of (ho mnnhor of iiollon irrains oon(ainod in a nni( 
volunio of air. Widiout ontorinti in(o (ho iiH*rits of (lie various olairns, one may 
])oin( ou( (ha( (ho oidiro (pios(ion is more of aoadoinio (Iian of jiraciioal imjiorl. 
Snnioioid ilifTionl(i('s arc oiioonnlored in (ho fornnilas involving; size alone, disro- 
liardin^r (lie fao( (Iia( pollen "rains of (ho same spooio.s vary soino\vha( in di- 
anudor. lJu( in n‘f;ard (o (lie o(Too( of spionlalion (as \vi(li i-aiiwood jiollon) or 
odior irrofrularitios of ooiPoiir on (ho ra(o of fall, and honoc on (ho volinmdrio 
oonipiiladon.s, only rou"h osdmalos radior (han roliahio oalonladons are avail- 
able, 3'ho .same s(a(oinon( holds for difforonoos in spooifio "ravily. Widi any 
one spoeio.s, (ho (\von(y-foiir-hoiir “"ravify oonnf" is an adocpialo "iiido (o daily 
finolnadons and (o ooiniiarisons of (ho jiollon diaisKy at oik* looalKy with (hat 
at anodior. Diirthormoro, (hero is .so niiioh variation in tin* ant iiionioity of dif- 
ferent pollens and in the rospootivo toloranoo of individual (latii'iits (ha( a oom- 
parison of tin* relative nnmboi-s of (lie various spi‘oios. o\(‘n if porfoolly aeon- 
rate, would have no olinioal sitinifioanoo. !Moroov('r. it has boon jimply demon- 
strated (hat (ho inequalities in (ho counts a( (wo or more locations within (ho 
.same city, indeed, on different floors of (ho .same huildiii" (Wilmor and Cobo^"). 
may bo far trroator (han (he on'oot of .such eorrootions. Vaii"han/’ in di.soii.ssitifr 
(ho attemjits at (ho standardization of iiollon oountin", oonohtdod (hat for prac- 
tical inirposos, inoludin" eoniparison of (ho oonoont rations in different yoar.s, it 
is .sufficient to record the number of "rains jicr unit area, rather than to e.stimato 
mathonialically (ho number jier cubic yard per twenty-four hours. (I'ertainly, 
none of (he more recent studios "Ives any reason to abandon this viewpoint. 
Finally, while the "reatest jiossible exac(ne.ss in all a.sjieets of this sub.iect is de- 
sirable, .simiilo but reliable data on the duration of iiollination would far out- 
wci"h all (piantitative statistic.s. Avhother on a volumetric or a unit area basis. 


CO.MMKKT 

On the basis of (ho facts "ivon aliove, wJiat recommendations can he made 
concerninp: the most efi'ective moans of increasiii" our knowled"e of j)hcnolo"ic 
phenomena as they relate to hay fever ’ J( must be apparent (hat neither field 
studies nor pollen counts alone arc adequate. Both must be siniultaneou.sly per- 
formed at numerous, carefully cho.son stations in the friven city or rc"ion and 
the findings correlated. In this way, they .suiqiloment each .other, .so that a ri.se 
in the total gra.ss ])ollen count, for example, can be jiroperly attributed to the 
particular siiecies observed lo be (lollinating at that time. Contrariwise, the 
counts act as a check on mistaken conclusions as to the abundance, jirofuseness 
of pollination, or buoyancy of the pollen of various plants, as determined by 
botanic observations. The identification of both jdants and pollens must be ac- 
curate, and scientific names employed. The exact technique and the unit of 
recording of the counts are in them.scives of relatively little importance, but ad- 
herence to a single unit Avould obviously be highly advantageous. If correction 
factors are used, they should be clearly slated, and the basis of the computations 
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?ivi'n. Tln'iv is litllo t(' l)i' ijainod In' lisliiifj I'very iiiiomopliilous species in a 
locality, since in the jireseiit state of eliiiical Iciiowlodire man.v of them arc of no 
siimificanee. Too imieli empiiasis should not he iilaeed on daily vai'iafions in the 
count, for, as outlined above, this information is of little xiractical value. The 
stress should rather he on the determination of the type of ])ollcn in the vicinity 
of potential or actual hay fever sufferers. .i\ist when each first appeal's and when 
each can no longer he fo\ind in the air. Since the ])ollination season varies from 
year to year,’ such studies should he continued for a numher of successive years 
so as to accumulate information, (ii'st, as to the usual or averajrc dates, and, sec- 
ond, as to the amount of variation which occurs or is likely to occur. Data of 
this nature are immediately useful in select in" pollens for testing and treat- 
ment, in cvaluatiTig jiatients' symptoms, and in i)lanning pre.seasonal, co- 
seasonal, and perennial therapy. 

Rosendahl. Dllis. and Dahl<- summarize the requisites as follows; "From 
a clinical standpoint, it is of imiiortance that pollen data demonstrate the fol- 
lowing facts; 1. The approximate time (variability is not great) at which a 
specific kind of pollen annually makes its appearance in the air and when it 
reaches clinically significant concentration. 2. The duration of the period for 
which clinically significant amounts are pre.sont. 3. The dates (appro.ximate) 
at which the concentration droi)s below the level of clinical significance.” 

While agreeing in principle, we must point out that there is no present 
method of determining the clinically significant concentration of pollen. While, 
on a rough statistical basis, the s.mptoms of a large group of sufferers parallel 
the count for their specific pollen, the correlation is a cnide one, and a consider- 
able percentage of patients seem to run contrary, or at least independently dur- 
ing the sea.son, particularly in its latter portion. There is everj- reason to be- 
lieve that the pollen incidence capable of eliciting symptom.s will vai’j' greatly 
for different patients; for the same patient from time to time; for different 
species; and will change according to the state of the offending pollen srains 
(dry or moist, fresh or old). 

But even the most accurate, mo.st reliable pollen data would still leave much 
to be desired in our evaluation of the importance of each .species in poUinosis. 
It is a well-known fact that a pollen may be abundant and buoyant, as for ex- 
ample that of pine, and still give rise to little or no hay fever. This, of course, 
corresponds to Thommen’s” first postulate. Only by the simultaneous collec- 
tion of pollination data and the clinical investigation of large groups of pa- 
tients in the same area will any basis be reached for .iudgment. For this pur- 
pose, statistical studies of skin reactions suggest themselves as the most readilv 
applieable and simplest method. But skin tests alone are inadequate, since 
cutaneous and clinical hypersensitiveness need not always coincide. It is now- 
recognized that a certain proportion of pollinosis cases give positive cutaneous 
responses to species which elicit no other allergic manifestations in them and 
even to those with which, for geogi-aphic reasons, they could never have come 
into contact. Skin reactions should therefore be compared with the presence or 
absence of s>miptoms during the pollinating period of the given plant In 1 
dition, nasal and conjunctival tests may often be profitablv resorted «o a 
confirm the reaction with that of other tissues. It is likewise well-known that 
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soino. cji-sos will fail to rend 1o the jiollons fo whieli lliey are liypersensitivc. Once 
the diagnosis of hay fever is cstahlishod in sneli eases, the delcrininalion of the 
etiologic agent will depend on eareful evaluation of the entire e.linieal picture, 
with special emphasis on the ])alienls’ •'‘seasons,” tlnetnations in s\unptoinatology 
as related to variations in pollen pollution, the response to si)eoific therapy, and 
the inadvertent elicitation of constitutional reactions with st)eeific extract. The 
po.ssihlc difficulties encountered in evaluating the results of tests and in c.stah- 
lishing the ctiologic diagnosis are discussed hy the authors'* elsewhere. T)c.spite 
these ])rol)lcms, it is only hy a correlation of concurrent phenologie and clinical 
data that any .s-afe eonelusions can ho reached as to the i-elative importance in 
pollinosis of each sijccies of tree, gi-ass. or weed. 

"Where may .such pollen studies most i)rofitahly he ])erformed; If the inten- 
tion is niereh' to till in llie cxistimr gaps, a glance ;it the niiii)s and list.s included 
will provide the answer: however, a coor<linated nationwide survey eomhining 
l)olanic ohservations, pollen eount.s, and clinical investigations, aecorditi" to a 
uniform teehnique, would yield a ma.ss of valuable information and go far to 
resolve the pre.sent confusions and contradictions in this suh.iect. The equip- 
ment required and the cost of .such a study would ho nefilii:il)le in comparison to 
the utilizahle hnowlodge it would jirovide. It could most advantagoou.sly he car- 
ried out in the larg(!r eentei-s of populatit»n. since Ihcrn the great ma.iorify of 
hay fever victims reside, and since only there would the neee.s.sary facilities he 
found, along with a sutllcient nnmher of jtatients, to mahe the clinical data sig- 
nificant. As mentioned, the investigation would iiave to he continued for a num- 
ber of successive years. 

Very recently the Society for the Study of A.sthma and Allied Conditions*' 
published a ])reliminary record of the pollen surveys by their mombci'S. Tliis 
is, indeed, the first collective effort to .solve the ])roblem luider consideration, and 
will, when all data are published, undoubtedly ])rove a ma.ior contribution to the 
aim outlined above. 

"While the actual Avork in a study such as the one suggested could be done 
by allei’gists and botanists in the A-arious communities, obviously a natioinvidc 
organization AA’ould be nccc.ssary to lay doAvn standards, to decide on a uniform 
leebnique, and aboA-e all, to analyze and eoi’relatc tiic accumulated data so as to 
reach clinically useful conclusions. The logical choice for this iuirpo.se Avould be 
one of the national allergy societies or the Public Health Service. 

SUJrMARY 

A rcAncAV of the existing fund of information regarding the distribution 
and pollination times of the pollinosis-produeing plants in the United States 
reveals: (1) many states and large cities AA-hcre no data or only inadequate data 
are aA'ailable; (2) certain unavoidable sources of error in the methods of in- 
vestigation; (3) common correctable deficiencies in the published reports Avhicli 
greatly diminish their value; (4) an uiiAA-arrantcd emphasis, in some instances, 
on large numbers of species, rather than on those of clinical importance; and 
(5) an emphasis on quantitatWe considerations unjustified by present clinical 
ImoAvlcdgc or applicability. 
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A corrclalcd pollon survey based nii siuiullaucoiis botanical obsorvatioiis, 
imllen eounts, and clinical investigations is sutiaesterl. lids should bo done on 
a nationwide scale and accoivlinii to a nnilorin tc'cbnifiue. 
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RELATION O]-’ LENGTH OI-’ CARHON CIIAIN TO THE HRLMARY AND 
FUNCTIONAL TOXICITIES OF ALCOHOLS'* 


ITknky Wkccii, Pm. I)., and Cme.n.v 0. St.occ.si, I’m.!).. Wasim.ncton, D. C. 


I N A previous luiblicttlioii' ti iiietliofl \v;i.s fle-serihcd for (leloiniinintr (lie loxieity 
of JiDtiseplie.s on liuinan or frtiinea pifr blood as a lissuo Ity nieasiiriner inJiiln’lion 
of pliagocytic activity. Ijater work- .sliowcd tluit in nian.v instances the phago- 
cytic inliibition occurred tlirougli de.striiction of some component or components 
of tlie Immoral .system, while in others the leucocyte itself was destroyed. Fol- 
lowing a study' of the u.se of other compomnits of the blood as a measure of 
to.xieity, a new test was described' in which to.xicity was metisurcd b.v actual 
death of the cell (leucocyte). Both of lhe.se tests were developed primarily to 
deteiTuine the direct to.xie effect, mainly of anti.scplics, on whole blood as a tissue. 
Such tests may be used to determine the “primary toxicity’’ of a single com- 
pound or the “relative primary toxicities’’ of a gi-ouj) of compound.s. 

The term toxicity has come to have a broad meaning. It is used to de- 
scribe not only primary “irritating,’’ “damaging,” or “destructive'’ action 
on an isolated tissue, as used for instance by Salle el al."' in his toxicity test on 
chick cmbiyo ti.ssue or by Bronfenbrenner et al." witii his toxicity method using 
mouse liver cells, but also is used to designate what might be called the “func- 
tional” toxicity of a chemical in.iceted into or fed animals in the assay of such 
compounds-. Hence MnehV de.s-m'be.s- the “ioxiehy’' of the primary alcohols 
for cats when in.iccted intravenou.sly, while Woodard and his collaborators’* re- 
port on the “acute oral toxicity” of acetic and the chloracclic acids. la contraxt 
to the “primarii ioxicity” of a compound on tissue cells in vitro which mcasiacs 


•Prom the U. S. Food and Drup Adinini.strntlon, Wii.ihlnston. D. C. 
Keceived for publication. January 7. 19-13. 
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a single isolated toxic action, measurnnent of “functional” ioxicily not only 
cncompnsscs the sum of the primacy toxic effects, hut also includes other factors 
such as the selective afjinil)i of some chemicals for certain orejans, cells, or cellu- 
lar mechanisms of the animal body and the physiologic effects of end products of 
mctaholism of the chemiced. Thus where “primary’' Ioxicily is tested on human 
blood in vitro, usinir inhibition of jihafrocylic activity as an index of toxic effect, 
phagocytosis ceases in the lu’csencc of 5 per cent of metliyl alcohol. ^ et when 
methyl alcohol is taken into the digestive tract, products probably produced 
by intermediate oxidation bring about a deleterious effect in the animal which 
bear no relation to the “in-imaiw” toxic effect measured on individual cells. 
Similarly potassium cyanide which produces death when injected or fed in small 
amounts has very little effect on the isolated white cell even in high concentra- 
tions. 

In the present study the primaiy toxicities of the inonohydi’oxy aliphatic 
alcohols and the toxicities of acetic, mono-, di-, and trichloracetic acids have been 
determined by the method previously de.seribed,* using inhibition of phagoej-tosis 
in whole human and rat blood in vitro as an index of toxic effect. These tox- 
icities have been compared with the acute oral toxicities obtained on the acids 
by "Woodard, Lange, Nelson, and Calvery^ and on the alcohols by Woodard.* 
The rats used were predominantly males and were raised by the Division of 
PharmacologA- of the Food and Drug Administration. They ranged in weight 
from 150 to 250 Gm. and in age from 70 to 100 days. The alcohols were ad- 
ministered to the rats orally after an eighteen-hour fasting period by means of 
a soft rubber catheter attached to a syringe. Following treatment the rats were 
observed for six days, and those surviving w'cre not used in subsequent experi- 
ments. 


The results obtained in testing the resistance of both human and rat leuco- 
cytes to the toxic action of seven normal alcohols and the acute oral toxicity for 
rats of these same alcohols are given in Table I. It will be noted that as the 
molecular weight of the alcohols increases, the concentration of the alcohol neces- 
sarj’ to bring about complete inhibition of phagoej'tosi.s decreases. "Whereas 
methyl alcohol inhibited phagocj-tosis in a dilution of 1:20, ethyl alcohol pre- 
vented phagoej-tosis in a dilution of 1 :30, propyl at 1 :70, butyl at 1 :175, amyl 
at 1 ;450, hexyl at 1 ;1000, and heptyl at 1 :2.500. The human and rat leucocr-te 
both showed approximately the same re.sistance to the toxic action of the alcohols 
throughout the series. It will also be noted (Table I) that the molarity of the 
toxic dilution decreases from ]M/.64 for methyl alcohol to M/290.7 for heptyl 
alcohol in a fairly regular sequence. When the toxic molar concentration of 
ethyl alcohol is taken as unity and the relationship of the other six alcohols com- 
puted, it will be noted that the toxicity in this homologous .series of alcohols for 
the leucGcj-tes of humans or rats increases in the order'' of molecular weights fol 
lowing semiquantitatively the geometric progression described bv Kamm^ 
these alcohols, 1 : : 3- : 3L 3^ : 3=. ■ 


This generalization, i.e., that toxicity in a homologous series increases w-itb 
the luolecular weight, known as Richardson's Rule, has been verified bv Afor 
a_^ooper.^ and by Tilley and Sehafferi. hi testing the ge«‘aSfof 

t arc intlfibtod to GeorCrey 'Wooflnrfl r^.,- fi 

oral toxlcUics of tho primar>’ alcohol? in ratjs, * hnpubUshed data on thr- acut'^ 
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Mic alipliatic alcohols, by l\rafli( (loc. in a sltiily of the aeiito toxicity of these 
alcohols Avhen injected intravenously in cals and by Kaimii floe, cit.) who tc.stod 
their to.xicity for paraniccia as well as their albumen-eoatiulatini; jiower. In con- 
trast to these results when acute oral toxicity is dcterinined in rats (Table I), 
there is no rcprular ]-elationshij) bi'tween toxicity and molecular weiirht. The 
alcohols increase in functional toxicity irresnlarly fi’oni methyl throiifrli butyl 
alcohol and then decrease in toxicity from amyl to liejttyl alcohol. These results 
cm])hasize the e.ssential fiiffercneo between “j>nmary'' and “functional” tox- 
icity. In the case of the latter, the fate of the animal is determined by a variety 
of factors inelndinp: the .solubility, rate of aii.sorption and excretion, and the 
effect of body fluids on the ;ilcohol. 


Taiii.): 1 


To.vh'ITV or l’l:I.)f.M;v Al.<‘oiii>),.s 


AT.COIIOli 

Tii.xiriTv AS .'if:.\.srr.Ki> nv i.xmtnTio.v or 
I’HAeorA-TORis IX wnot.r. ni.ooii* 

Ai'rrTf; orAC 
TOXKTTV IX S-ATSf 

TOXIC 

DIMmO.V 

-MOKAKiTV or 

TOXIC 

MIA'TIOX 

T:.\T10 MOLMtITV 

TOX. MI,. 

Mor.Ar:iTV TOX. Pif. 

<ty irrirvi/ ai-coiioi, 

CM. ri:i: Ko. or 

ItODV AVrifillT 

.Arothvl 

] .-L’O 

.At /.Cl 

.•1C 

pj ” 

Efhyi 



i.no 

7A 

Projivl 

1:70 


•l.O*) 

o.r? 

Putyi 

1 :17;7 

.M/12.0C 

P.-(0 

2.75 

AniA‘1 

1 :1.70 

M/.i.o.Si; 

L’S.S.A 


Ilcxyl 

1:1000 

M/mi.oi 

7:;.os 

•1.1 

ITcptyl 

1 :2.'nn 

Ar/i-im.7 

g](',7C 

.-Ipjirox. C.G 


•Both human and rat blood wvro u.«fd In thc.io tc,<;t!-'. Kamil ro-sKstanro of loucocytcs 
to the toxic effect of nirohols u'a« (I#*rnoH>trntrf|. 


tAcutc oral toxicity (h torrninotl hy Oeoffn-y *VVoo(lnnl. Division of rharjnncolop>% 

17. S. Food and Dnnr Adrninl.'^trution. 


In order to demonstrate further the difference between Avhat has been desig- 
nated in this report as “primary’' toxicity for an isolated tissue or cell and 
“functionar’ to.xicity, a study has been made of acetic acid and the chloracelic 
acids in the .same manner as the alcohols wore investigated. The ability of acetic 
acid and the chloracelic acids to inhiliit ])hagocylo.sis conpiletcly in Avhole hn- 
mau and rat blood has been determined in both acid and neutral solutions, and 
these results compared Avith the acute oral toxicity in rats as determined by 
Woodard et al. (loc. cit.). The results arc shown in Table II, in wliich it aatII 
he noted tliat acetic acid is the most toxic and monochloracetic, dichloracctic 
and trichloracetic acids decrease in toxicity in that order for both human and 
rat leucocytes. The ivit leucocyte is more susceptible to the action of these chem- 
icals than the human. The pll of the toxic dilution decreases from 3.1S for 
acetic acid to 1.T3 for trichloracetic acid xvitii iunnan cells and from 3.23 to l.So 
with rat cells indicating that the toxicity is probably related to the undissoei- 
ated molecule rather than to the acidity. Comi)utation of llie molarity of tlie 
toxic dilution of all four acids, i.e., that dilution causing complete inliibition of 
phagocytosis, indicates that Avitliin e.xpcriincntal error all of these acids arc toxic 
in eqiiimolecular concentrations. 

Since it was advisable to dctcnniiie the acute oral toxicitics of the acid 
radicals and not their toxicitics as acids, the acids Averc neutralized Avit i so mm 
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hydroxide to a j)!! ratipie Ix'hvccti 0 and 7. Noufral xolutions oi. tliis t>pe a^oio 
also tested for tlieir ]iriniary toxicity for both linman and rat leucfx'j tcs'. Those 
results arc also jiiveu lu Talde, IT where it will be noted that the same dilution 
(1:70) of all four neiitralizcd acids inhibited ])hauoeylosis of tlic liuman leu- 
cocj.'te, while a 1:100 dilution of cacdi acid jircvcntcd phagocytosis bj' the rat 
Icueocyte. In direct contrast to tlu' erjuivalcnt primary toxieities of these four 
neutral acids for the rat white cell, arc the ro-sults obtained on feeding these 
acids to rats, since it will be noted that monochloracetic acid is bj fai the most 
toxic, dichloracetie the least toxic, while acetic and tricbloraectic ha\e approx- 
imately cflual "functional'’ toxieities. 


Taiii.f. II 

Toxicitv ok .Vcrrie Ciir.oKACCTir .\«ds 



lU’MAN lil.OOIl 

n.VT BI.OOII 

r.ATS 

ACID 

ACTI) .SOIA'TIONS 

NFX' 

THAL 

KOl.t- 

T!OXS 

ACII> SOI.KTIOXS 

NTX'> 

TKAL 

fiOI.C- 

TIONS 

NKTTRAR 

SOLUTIONS 

TOXIC 

dim:* 

TIOX 

m 

TOXIC 

nrr.c* 

TION* 

MOI.AniTY 

TOXIC 

Drr.u- 

TIOX 

TOXIC 

mi.c- 

TIOX 

TOXIC 

mi.r- 

TIOK 

PH 

TOXIC 

VI LV- 
TION 

MOLARm- 

TOXIC 

DILUTION 

TOXIC 

unx- 

TIO.V 

‘ACUTE 
OP..U, 
TOXICITT 
rX GiC./KO. 
Or BODY 
WETcnr 

••tcetic 

ilonoehloracctic 

Dichloracetie 

'Trichloracetic 

1 -.oSO 
1 -.400 
1;?.00 
I •.250 

:5.IS 

2.27 

t .77 

1.73 

.03 

.020 

.020 

.025 

1 : 70 " 

1:70 

1:70 

1:70 

1:700 

1 : 0.50 

1:400 

1:300 

l!i 

. 0-24 

.010 

.039 

.020 

1:100 

1 :100 
1:100 
1:100 



•A^alues obtained bv tho Dlviaion of Pharmacologj-, U. S. Food and Drue Administration, 
J . Indust. Hye. & Toxicol. 2.t! No. 2. 1341. 


COAMENT 

The method described previously^ for measairing the toxicity of antiseptics 
or other chemicals brought into direct contact vith tissue, i.e., by determining 
that concentration of the compound under test which completely inhabits phago- 
cytosis, may be considered to be an estimation of "pnmary” toxicity on an 
isolated cell. This toxic action may manifest itself by a destructive effect on 
some component or components of the humoral sy.stem or by actual destruction 
of the cell itself.^ In either case the toxic action measured is on an isolated in- 
diiidual tissue ceU. When the primary' aliphatic alcohols are tested by this 
technique, a definite and uniform increase in toxicity is ohsem-ed with increase 
in molecular weight. These results are in accord with those of Kamm (loe. cit.), 
who found the toxicity of the alcohols for paramccia to be in proportion to their 
molecular weight, while similar results wore obtained by Tilley and .Schaffer 
(loe. cit.) in determining the de.structive action of these alcohols for Eberthella 
ttJVbosa and Stajihiflococcxis aureus. From these studies with leucocytes, proto- 
zoa, and bacteria, it is ciident that when the normal alcohol.s are tested for their 
primary toxicity for individual cells, a definite relation.shij) between molecular 
weight and toxic activity can be readily demonstrated. 

.Similarly l^Iacht (loe. cit.) demonstrated an inerea.se hi acute toxicitv w 'll 
increase in molecular weight when the.se alcohols were inioefed intravenouslv 
into cats, although the increase in toxicity with increased molecular weight docs 
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not appear to follow a defniite malheinatieal pattern. Tims ^faclit reports 
n-propy] alcohol to have a toxicity of 2..”> lime.s and n-l»ntyl IfJ.tJ times the toxicity 
of ethyl alcohol. Kaniin (loc. cit.) ]»t)inl.s out that the ahnormalitie.s in Maeht's 
rc.sult.s for n-hutyl alcohol, i.i'., the fact it doc.s not follow the <:eomet rie protrre.s- 
.sion 1 : 3’ : 3- ; 3'’'', may he asci'ihed to a loo eojicmit rated solution of this material 
when injected intravenously. It may he, however, that tlie ahnormalities anted 
with hiityl alcohol injected intravenously into <-ats arr- assoedated with the method 
of tc.st, and the diserepanei(‘s, an indication of the s<‘le<’tive action of this alco- 
hol for some vital oriian. 'When acute oixil to.vicity is mi’asnred in rats, an en- 
tirely different result is (dilaineii. Tiie toxieities of the fiist four normal alcohols 
follow Richardson s rule, while the last three tested faih'd to do .so. In fact, 
amyl, hexyl, and he))tyl alcohols decreased in toxicity in that order. I ndouht- 
odly the lower .soluhilities of the Iii»iier alcohols have a marked effect on oral 
toxicity. 

'When a com])arison is made of the i>rimary toxicity, i.e., toxicity for rat 
tksue and the acute oral toxicity of the neiilralizetl acetic acid and chloraectic 
acids for rats, we apiiin Jiote a marked difference in the results ohtained. Idle 
monoehloracctic aci<l has ;in acute oral toxi<-ity a|)proximately 40 times that of 
the other three acids, the jirimary toxicity for rat leucocytes was found to he the 
same for all four acids. These results indi«-ale that there is a marked differenoe 
between '‘primary’’ toxicity as measured by the action of a compound on an 
isolated ti.s.sue cell and “functional” l<ixicily in which the compound is fed or 
injected into an animal and hence in(luenee<l either by a selective afiinity of 
the compound for .some vital ortran of the body or by the physiologic action of 
body fluids. 

.su.^^.^rAI^v AND coNua-rsio.v.s 


]. The primaiy toxieities of the monohydroxy aliphatic alcohols, acetic acid 
and chloraectic acids airaiTist human and rat l)lood as ti.ssues have been contra.sted 
with the acute oral toxieities of fhe.se chemicals for rats. 

2. Human a7id i-af leucocytes aie equally snscei)lible to the primary toxic 
action of the alcohols, and the toxicity of the alcohols for Ihe.se cells incrcn.scs 
with molecular Aveifrht. This incrca.se of loxicil^■ with increase in molecular 
weight follows closel.v the geometric lu-ogrc.ssion 1: 3 ’; 3 -: 3 ^: 3 *: 3 ^ noted b.v 
Kamm. 

3. The acute oral toxicity to rats of the lirst foiu' pi-imary alcohols incrc.ascs 
with increase in molecular weight, while amyl, hexyl, and ho))lyl alcohols decrease 
in toxicity with increase in moleculai- weight. 

4. Rat leucoc.vtcs are more suHccpfi))lc than huimui leucoc.vtcs to the primaiy 
toxic action of acid and neutral .solutions of acetic acid and the chloracetie acids. 
Acid solutions of the four acids were toxic for leucocytes in ajiproximatcl.v equi- 
molecular concentrations. Neutral .solutions of the four acids ivere toxic for 


leucocytes in the same concentrations. 

5. The acute oral toxicity to rats of acetic acid and the chloraectic acids 
bears no relation to molecular weight, .since monoehloracctic acid is appro.x- 


imatclv forty times more toxic than the other members of the scries. 

6. There is a marked difference between “primary” toxieif.v as measured 
liy the direct action of a chemical on an i.solated ti.ssuc cell and “functiona 


mxzi.r.i; and Mi:inz: 
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toxicity ;i.s (Icteriiiiiiod l)y t1i<“ otliiiiiiislriitioii (>1 tlic. clKiiiiical avIum'c the toxic 
action is directed aiiniiist the body ns n whole. 
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AN UNUSUAL TEMPERATURE COURSE IN INFECTIOUS 
[MONONUCLEOSIS* 


Seyjiour H. RtN’zi.EK, [M.D., AXD Julius J. Hertz, jM.D., New York, N. Y. 


S IR WILLIAjM OSLER dubbed syphilis the great mimicker of other diseases. 

Infectious mononucleosis with its protean manifestations is fast beeomino- 
a successful runner-up to lues in this regard. Bem.stein,’-in his excellent review 
of infectious mononucleosis, demonstrates that this disease may affect almost all 
of the body systems. Because the recording of each new manifestation of this 
disease will lead to its complete understanding, the report of an unusual tem- 
perature curve is presented. 


REPORT OF C.\SE 

A white male aged 25 years was first seen on the sixth day of his illness. He com- 
plained of malaise, fever, and swelling of the glands of tlie left side of the neck. Physical 
examination revealed a temperature of 101“ F. and enlarged glands of the left uost ' 
cervical chain. Excepting for later involvement of the right posterior cervical and rieht 
occipital lymph glands, the physical examination was cntirelv negative throimhm,? In 
course of the illness. On the twelfth, fourteenth, sixteenth, eighteenth and 
ccnlnss of ,h. il,„„ (Fig. 1), .1,. pa, tot h.a a cl.lllf vlZ, gMo 

entire bed, lolWed bv a rapid rire ia tlie temperature m leoels between 301’ F 
und profu?e Mveatmg. In each instance the temperature fell hi- • ‘ F. 

• ' • a period of two 

•Received for publication, Januarj* 18, 1943. 
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to tliiT'O limir.'-’. 'J'lic cliill, ii'liicti lri'ti'4 fimn (cn in livrnty uiidtilr.-. «:i“ nliv:i_v.'- jiri'i'rff'l 
liy :iu in Hit’ lowor Inn'k uliii'li in inicn-ily jk- lli ’ i"-n nnil '•iiIki'Ii'i! 

n.--’ t]i(! I(‘inii(’riit iiri’ fi'll. 'I'lir' wliitn lilno.l fount on the i'lfvi'i:)li 'Iny of llo’ ilInc.B,-< \v;i< 

"’itli jii’r fi’iit j)f!jlrti;i)iil‘. (.'.'S jicr cfut ; J." pi'i l■l■nl non->’<,';nc«tci)), )f» /’<‘r rfni 

lyinjilioi’ylt'.-, !mil 7 jx’r fcnt moiufylf.*-. Tlio Iiflfroitliilt' jiiitilKhiy rfin'tinti wn- rn-Ejulivc. Ttvo 
.’’iiionr.s for in.’ilnrinl luini.-iti’.i nori’ nc^jntivo. On tlio tliil If'tith iln^' ;i I’lothl rnltiirr •.':i'i ti'H't- 
tivf, niul iiKKliiliimlion rfiiftiotm for ly|ili(iiti '•O,*-' (yjili(ii<I •'JI,'’ ]mr!ityjilioiil Jiari!- 

tyjilioid “15,'' protc’iix XJ!* (tyjiliiis ft.’Ei’r), niit) Jlnirt !ltt nharliK, nfro iii’^nlivi' in nil ililu- 
lioni-’. On tlio fiftoonlh day of tlio illni’.--<tj ilm Iiftfruidiilt; nnlllio.ly rfactiim n.as [lotiiivc in a 
dilution of IeC!. I'lio wliifc Iilotid fount wa-t M,7tl(' niih liS juT rent in utrojiliils (-■) [xt 
cent .'•■f^niontod ; •! i>(’r cfnl non.'ii’onicntfil), 1 j>cr cent fo.vinoidiile*.-, ."1 |ii'r cfnt .'■nial) lynipim- 
cylcH, 1>S })t>r cent }iatliidii(;i>’ lyiiii)lii>fy|f.>., ;,nd L' [wr ffiit nmnocylf;!. Tlif {irff-fiiff of flip.''' 
patliolog-ie lymnlioryic.'t, wliifli wfu- (ic'.rtil.fd l>y Dowiify iiiid Mt-Kinlay," i.' fliarai-tfri.-tif of 
infoctiou.s iiiononuclco.’ti.’t. Sovi’rnl iitiiiiily.«fs uoro iu’":itivo. Aftor lln’ rliill and fovor of lia’ 
twouty-sccond day, liio to niiu'ratufo foil to iioriiinl ninl roniaiiifd tlu-u-. Tlio paliont niadi' an 
uneventful reenvery. 



FiK- 1. — Kacli point ir-iirc’.ienl.K the |ilKli.>.>ft teniii.-iature for timt p.irllL-iil.'ir tln.v. 

(,’O.M.Mt:NT 

Bernsleiii,’ in wiio.so niono'ffai)h on infce)iou.s mononucleo.s'is the literjiture 
to 1940 is rc^’iewed, does not mention sneli a lomjtei-jitnre course, lie further 
states^ that in liis personal cx]icrience lie lias never seen tin's disetise behave in 
this way. Anyone who litis dealt, with the problems in the differential diagnosis 
of this disease may readily understand our difficiillics tinlil the true nature of 
the illness revealed itself. Our first clinieal impro.ssions included infectious 
mononucleosi.s, hut the hclcrophih antibody reaction wtis still jiegative on the 
elcA'cnth day. Then the scries of chills and fever began. The possibility of 
malaritil infestation was ruled out by two negative blood smears for the presence 
of the parasites. Sepsis and the enteric fevers were eliminated by the negtitive 
l)lood culture and agglutination tests. The Ijmiphadenopathy and B'lnphocytosis 
brought to mind the possilfilities of cither^ an acute lymphatic leuccmia or an 
acute Hodgkin’s disease. The diagnosis was finally e.stablished Ity the positive 
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iic 1 ci' 0 ]>luU'. antibody ivaction in a dilution of 1 -.(id and tlic presence of tlic ab- 
aoriaal lymplioeytes-' * in tbe blood smear. Wlietbm’ or not supi>uration or tiic 
breaking down of tbe retro)nM'itoneal lymph glands was the cause of both the 
temperature resjmnse and the l)aekache could only be surmised. 

SUMMARY 

A ease of infectioiis mononucleosis with an unusual tempeimturc course rc- 
•sembling that of malaria is irrescnted. The absence of any previous mention in 
the literature of such a temperature response is noted. 
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1 

attempts to obtain better results ^YITH THE BACTERIAL 

ANTIGEN (■•VACCINE”) THERAPY OF LOW GRADE 
CHRONIC (“FOCAL”) INFECTION 
I. POSSIBLE ERRORS OF USUAL METHODS 


Merritt H. Stiles, IM.D., F.A.C.P.® Coxrad Berexs; i\I.D., F.A.C.S.,t 
AVilliam B. Raayls, AI.D., F.A.C.P.,? and George H. Ch.\pmax,§ 

New- York, N. Y. 


D uring the past seventeen years we and our associates have been making a 
careful study of the problem of lotv grade chronic (“focal”) infection in an 
effort to determine its significance. Such a study included investigation of the 
field of bacterial antigen (“vaccine”) therapy and has resulted in the develop- 
ment of diagnostic and therapeutic baeteriologie methods wliich ive believe are 
superior to others we have tried. This series of report.s presents a discussion 
of the progress achieved so far. 

Although most physicians believe that there is little merit in the “vaccine” 
therapy of Imv grade chronic infections, its continued use by some suggests that 
it must have value. Differences of opinion a.s to its value might be'based on 
differences in the technique of preparing and administering the “vaccines ” 
That there may be room for improvement in manufacture, evra in standardized 
vaccine s that have been used extensively for a long time, is indicated by the re 
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cent, riulicnl clnintre in llio ty|>(» of ormmisin tisfii in (lie jn'ep.'iral ion of tyjilioid 
vaccine.' Oiir fiiuliiips iinlicate dial dio lailnrc In .secure re'ailts in liaeleriui 
anlifiini therapy of chronic hnv irrailc iiil'celioii.s in/iy he eaiised iiy: .selecliiii’ 
I'nltnre.s’ dial arc ineajtahle of incitinir the prodiietion of .siiitahle aiitihodic-s or 
of .snifahlc rpiantitie.s of tiiein ; improperly IreadiiL.’ die eiiltnre.s; failing to jiro- 
vido adequate .siir^rieal and .snppordve mea'Oires; and ii-N'inir unsatisfactory 
dosa.vo -with respect to both llu' interval ami liose, .Moie speeifieally. the follnw- 
inir factors may liave a iirofound t'Oeet on the eonrse of such treatnicnt. 

ro.ssiiii.r. iiArTi:i:itu,i»(;ir lamoii.s 

a. Culture of uusuilithlr fad. — In (lie search for po,'’sihlc foci of infeetioii a 
significant ioeus may lie overloolced and <-niluiH‘s may be iiit'idi* of other foci, for 
e.Nample. in a jiatiiint with elironie jirostatitis and rlieiimatisin (he prostate 'va.s 
considered the obvious focus, but only iionpadiouienie organisms were found in 
the prostatie fluid, llicrhly padiotrettie organisms were found in (he nasal and 
oral (‘avides, whieli were the saait of loiui-siaiidinL’ but almost asymptomatic 
infection. Quito often special attention is jiaid to one particular focus, while 
otliers may be iitnorcd. 

It, as seems reasonable on the basis of ai'ailabh- data." Sin ptororeux riVi- 
(hnts is tile common dmiominator of low irradi* ehrrmie infections, then hnowl- 
edftc of the incidence of pathojrenic types of this onranism should prove u.soful 
in indicatiipir their most lilcely .sources. Jlimtricr and ('hapman'’ found rc.sistant 
(i.o., probably pathogenic) streptococci to comjudse 72 per cent of strejitococci 
from periajiical jioohcts, bd per cent of (hose from extracted teeth, 44 jier cent 
of (hose from (he jdiarynx. Hb per cent of (hose from (he nasoiiliarynx, and 2S 
per cent of those foumi in the feees (“enterococci” being ignored). By nse of 
an improved (cidinique pathogenic types of .streptococci were found in the 
pliaryn.x in cverp per.son with low grade infection, h’or (his reason flic pharynx 
(and any periaiiical ])ocke(s or extracted teeth), .should be. cultured in every case. 
(The most common .source of pathogenic staphylococci is the na.sal cavity, which 
likewise should be cultured routinely.) Additional cultures .should be taken 
from other .sources whenever there is suspicion of active infection. For example, 
in one patient there were only 200,000 ])a(!iogenic tyjie streptococci (IS jicr cent 
of the total streptococci in the swab) in a swab from the jiharynx, but (here were 
5,000,000 (36 per cent of (lio.se in the , gingival swab) in a swab from the gum 
margins, many of which .showed evidence of inflammation. (See also Buggier 
and Chapman.") 

b. Use of improper cultural methods. — Laboratories that are infrequently 
called upon to make cultural studies of focal infection have dilTienlty in main- 
taining a supply of suitable culture media. Hence some of them use the Loclller 
medium slants, supplied by departments of health, which are frequently dry 
and unsatisfactory for this type of work. Others use “blood agar” plates of 
varying composition, poured so thin, or which are so old, that they arc dry and 
unsuitable for adequate growth of pathogenic bacteria, many of Avhich require 
abundant moisture. Usuallj" the material is spread on only one plate, resulting 
in a crowded groivth that makes the study of individual colonics difficult. 

Unlc.ss appropriate cultural methods are used, streptococci, paificnlarly 
anaerobic types, pneumococci, some members of the Hemophilus group, and other 
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filstidioiis organisms may not lie vocoverod. lliu'h tedious work can lie eliminated 
by \isimi the iicwcv selective isolatimv methods. Penicilliu, recently discussed 
by Cliain ct al.," and Abraham et al..' is useful in the selective isolation of the 
Hemophilus group. Bromthymol blue lactose agar and phenol red mannitol 
agar'’’ ’ give superior results in the selective isolation of probable pathogenic 
staphylococci. Crystal violet, sodium azide, (ryptosc blood agar^' ■“ is of consid- 
erable assistance in isolating pathogenic streptococci from mixed culture.s. 

c. Taxonomic error.'; and unsui/abic loxonomic cousidcraiion.s . — Often an 
organism diagnosed as “hemolytic strcplocoecus” may be a hemolytic member of 
the nemophilus group, a hemolytic staphylococcus, or even an a- or y-hcmoh’tic 
streptococcus. The presence of a small hemolytic colony on the surface of 
“blood agar” does not warrant a diagnosis of “hemolytic streptococcus.” Simi- 
larly, a mucoid colony of staphylococci or of streptococci is sometimes mistaken 
for KlcbsicUa. pneumoniae. Organisms received as “staphylococci” Avere foimcl 
to be “enterococci'’ and Xcisseria cafarrhalis, and a “Type Ti' pneumococcus” 
proved to be Strcpiococcus salivarhts. 

Sometimes an organism is designated by an insignificant property. For 
example, numerous publications refer to “ hemolytic” .staphylococci but it has 
been shown.® that the power of staphylococci to produce hemolytic zones on blood 
agar has only secondary significance. 

d. Error of random .selection of colonies . — When colonies are selected at ' 
random from a mixed culture they may not be representative of apparently 
similar colonies elsewhere on the plate. Only rarely in this type of work do we 
deal with culttires in which all the cells have similar properties. Therefore, 
in selecting a colony at random, even from an apparently pure culture, it is 
possible to select one that does not represent the entire culture. 

e. Influence of the age of the culture . — ^IMost bacteriologists harvest a cul- 
ture after “overnight” incubation, an interval which may include extremes of 
sixteen and thirty^ hours. Such differences in age are often accompanied by 
differences in properties of the cultures.*®’ ** (We have found that late logarith- 
mic cultures make more efficient antigens.) iMetabolites, particularly hydrogen 
ions, may have an unfaA’orable effect on bacteria and their antigens. Polysac- 
charides, which may be related to the specificity' of a bacteiial antigen, are not 
produced uniformly throughout the period of gi’ou-th of the culture. Autolvtie 
products, the result of prolonged incubation, may alter the antigenic complex 
Por these reasons, it is important to know the influence of age on the antigenic 
structure of different cultures. 

f. Fallacy of considering the predominant organism as the focal invader 

illany bacteriologists in medical fields consider only the gross features of a e'ld- 
ture and make no more than a ca.sual inspection of the plates. The relative 
number of the different types of organi.sms is estimated on the assumption that 
the organisms present in largest numhei-s are most likely to he the focal invaders 
While this is often true, the rich gi-owth of saprophytes in manv parts of tlie 
liody precludes the po.ssibility of recognizing focal bacteria on the basis nf 
dominance. ^re- 


g. Inadcguanj of methods used to differential r. ctiologic. heteteria from con 
laimnanls.—Bceausc culture.s tram suspected foci often contain bacteria whSi 
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have no roialionsliip to tlif' I'nroction, it is inijjortant tlial attempts shmiid lifi 
iiiaih; to <ii(Tereiitiat(‘ these eoiitaiiiinuiits fiaiiii the orttaiiisins ean.siiif; the 
infection. 

Intradermal tests, eomplemeni fixation veaelioiis, aiii’hitination reaetioii-s. 
ami rjiialitativ(! haeterioslalie tests have heen shown to he inarlispiate for .siifli 
differentiation.'-' ” 'i’here is no evhh'iiee that oreatiisms showintr spoeifie lo- 
calization itrodnee Ix'tter antigens than do those not loealizimr in particular 
t issues. 


Our re.searehes’' indicate that different iat ion hetween ean.sativc or^'ani.sms 
and contaminants can lie made hy methods hase<l on tin- prohahility that bac- 
teria eausiim infection are more likely lli:iii are eoiilaminants to jinsse.ss prop- 
ertie.s a.ssaeiated with iiathoeeiiii-ity. (It is possible that strains of low iiathogen- 
icity may he responsihh* for inff-elions in tissues having hue resistance; hut .such 
instances are uncommon ;nid only a mild iiilVelifin nsnally results.) Boeauso of 
the diffieully of appiyiii" animal inoculation tests, stndiis wi-rc made of in vitro 
properties. It was found that certain of these iiroiierl ies weiv parallel with 
patliogonieity for animals."- "■ i- were |>arallel with olln-r tindiims’- 
the patients from whom they had heen Isolated, and. heeanse they were ea.sil.v 
rcprodneihle, were snilahle for stiidyin!,'' hirm- nnmhers of enltnre.s. 

h. Sclcrtiou of It nonpitUtniiniic vitn'tiuf . — Mveii tlioni'Ii aeenrate incthoil.s 
are used to diffei-entiale pathogenic fi-oin non|iathot'enie strains, the culture 
selected may still In' nonpathommie heeau.se jiatlio^icnie eiillures often contain 
nonpathoffcnic variant.s. If different eolotiie.s are tested .sejiaralely, an appni’- 
ently pure eultnre will he found in many eases to consist of a mixture of di-S- 
.sociaiits (or variants) in which differont properties may he di.strihntcd in dif- 
ferent patterns anioim the difiVrenl cells of the enitnre." Beeamso thi.s phe- 
nomenon oceum .so friuinently in o- ami -/-hemolytic sti-ejitoeoeei, enltnres of thc-SO 
organism.s should he considered, not as .stable homotieneons mas.se.s, but Jis dy- 
namic mixtures of cells witi\ a stroipj: leiidciicy to instaiiility of the hioelicmieal, 
physiologic, immunologic-, and pathogenic properties of the different ec’lls of the 
cultnrcs. To he fully representative, a eulture mu.st not only he genetically 
related io the ctiologic (jialhogenie) enUnre hiil must ahso possess its piiliiogcnic 
properties. 

Not mneh attention ajiiiears to have lieen paid to the possibility that the 
antigenic structure of a culture tuny elmngc along witfi the di.ssoeiation of other 
characters. If the colony or colonics .selceled for preji.-iring the growth for 
the antigen should lack any of the antigonie jn-operties of the parent culture, 
then the antibodies jtrodiieed from inject ion of thi.s antigen may he qualitatively 
and quantitatively different from those jict-e.s.sary to neutralize the antigenic com- 
plex produced Ity the invading microorgani.sms. 


UACK or SUKCn-’ICtTY OK Tine ANTle.KN 

Even though considerable care is exerci.sod in select ing the culture, there 
is still a possibility tliat the antigen pre]Kirod from it may not be efficient for 
the following reasons ; 

a. There may he loss or dctjcneraiion of the anliycnic properlies during cnl- 
tivaiion of the microorganism.— Any degeneration of the eiilfuro during growth 
is likely to he associated with degeneration of the antigenic complex. Thereiorc, 
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steps should bo taken to minimize doi'cnoration by preventing excessive variations 
in hydrogen-ion concentration and excessive oxygenation, and by harA'esting the 
culture as quickly as possible. 

1). Plnjsical or chcmirnl rhaurirx may hr produced in (he antigen after the 
culture has been hnrvrxird . — Heat .so injures many bacterial antigen.s that it i.s 
necessary to inject .several million bacteria to produce a physiologic effect. In 
our experience 0.5 per cent phenol docs not impair the immunogenic propertie.s 
of staphylococci, streptococci, and Klebsiella, and docs not appear to be injurious 
to the patients in the dosages used. Only rarely do we find semsitivity to phe- 
nol. With properly prepared antigens a physiologic effect may be produced 
with amounts representing Ic.ss than a single bacterial cell. The antigens should 
he stored in resistant glass bottles to minimize the accumulation of alkali. 

The essential property of a bacterial antigen is that it should be an efficient 
antibody-stimulating preparation. If the concentration of specific antigen 
should be too small (as in lieatod or nonspecific vaccines), the dose required to 
provoke a high titer of antibodies will contain so much protein that the protein 
itself may produce local or even general i-eactions. 


tTNSUlTAnLF- METHODS OF VACCINE ADMINISTRATION 


a. Fallacy of attcmids to force the patient to produce a high titer of anti- 
lodies . — The usual aim in vaccine therapy i.s to force the patient to produce large 
amounts of antibodie,s. For this reason most schedules call for the administra- 
tion of progressively larger doses to the limit of tolerance, even though the im- 
mediate results should be unfavorable. Not only is an imfavorable effect ig- 
nored, but quite often it is con.sidered a favorable sign, an indication that the 
vaccine is havdng an effect on the patient. 

On the contrarv', such an unfavorable effect, if more than transitory, usu- 
ally indicates that the patient is unable to produce a sufficient quantity of anti- 
bodies to neutralize the antigen. Consequently the excess antigen acts as a toxin. 
Recovery might be possible if sufficient opportunity were given for the tissues 
to produce more antibodies, but often the patient is made worse by another in- 
jection before he has had a chance to recover. When an injection is given too 
soon after the previous one it augments the residual antigen, resulting in even 
greater toxicity. 


b. Use of empirical methods for determining dosage . — Because the laws gov- 
erning response to the introduction of an antigen into the body are poorlv rm- 
derstood and because of the difficulty in determining the precise effects ' it is 
customarv' in administering antigens to follow a fixed schedule such as is sug- 
gested by manufacturers of biologic products. While .sueh a procedure works 
satisfactorily in the prophylactic immimization of healthy persons against 
typhoid), it is not reasonable to expect that it would work equally vvell ^ ' 
munizing body tissues against an organism A%-ith which thev are alr^dy infect^* 
The varying amounts of antigen produced by the pathogenic organisms nreseut* 
the varvnng damage done to tissues by these organi.sms, as well as the va ' ’ 
effects of nutritional and endocrine deficiencias, combine to alter the 
the body to respond to the introduction of additional antisen In onv • 

best results have been obtained by adjusting the dosase (i.e both 



fho iii(crvnl) :iccor(lin5r to flio rcsiionsc to I'jwli inji'i’lioii of iintiiroii. This sub- 
joct, includiii'fi our nu'lliods of I'slitmilin'i icsimuiso (o iiiilitii'ii itiji’clioiis, will 
be diseu.ssed in a later jiaper. 

c. Improper spitn’ii;i of iiijf etioii '!. — The res|)i)iis<‘ to an injection of antieea 
is a function of the proi)erties of the antiueii, which are <'onstant, and of the 
tissue reaf;lal)ility and antilanly concentration, which vary with the interval. 
Therefore, it is iniporl.ant to space tlic injections to take advanlajre of these varia- 
tions', If an antiuen inje<'tion is irivcn too soon ;ifffr a previous injeetioii, 
enough unneulralized antijreii may still remain in the tissiic.s to make the ainount 
beino injeeted tot) lartre. If •riven too late, the antibody level may have dropped 
tos'ueh a low lev(‘l that sev(‘ral injections may be rcipiii'cd to tA'crconie this slump 
and obtain optimum response. 

d. Errors in the si:r of the dose of (intitini . — -An imidispiate dost! of aiinscn 
will liavc only weak ])ower of stimulatiiijr the pj-odui-tion of ;intibodics. Ihe 
closer a dose is to the oiitimum, the irreater will he the decree of stimulation. 
However, maximum stimulation come.s only from a qinantily of antipen which i.s 
close to an overdose. Consequently, considtuvtble e.'iia* must he exercised when 
a particular dose lu'oduees marked .stimulation, hecause a sliirhlly hitrher dose, 
or the .same dose repejited too .soon, may cause unfavor.ahle symptoms. 

At times, followin.s: the administration of a dose which is eon.sidcrably too 
large, the signs of ovcrdo.sago may not be driimalie and may be mistaken for fnil- 
tu’c to rc.spond to the antigen injection. Even if such a dose is rciieated .siivcral 
times, the evidence of overdosage may be difiieult to detect. AVc have .seen a 
number of patients, usually of low vit.alify, who .viiowed no evident chatigo, 
cither beneficial or othenvise, during a .series of .'intigon injections, but who im- 
proved after an interval of .several weeks without injections. Later these pa- 
tients ro.spondcd satisfactorily to .smaller do.ses of !intigen. 

During an acute illness, or shortly after surgical removal or trcjitment of 
foci of infection, there i.s often so nimdi circulating toxin that even minute 
amounts of antigen act as ovcrdo.ses. Conse<piently, gre.at care must he t.akcn 
in giving injections in such ca.ses. In general, if is advisable to postpone antigen 
therapy until a Aveek after any acute illne.ss lias subsided, or until the immedi- 
ate unfavorable effects of a surgical procedure have disiqipeared and im])rove- 
ment is CAudent. 

In the early stages of treatment faA’orable re.sponsc to the injection of anti- 
gen folloAA's a cui'A'c: increasing imiiroA'ement. folloAved by gradual return to the 
liasie level. An injection of antigen Avill ])roduce better results if it is given 
at the end of the period of improA'cment rather than after eomiilefe return to the 
basic IcA'cl. AA^icn the immunity has been raised to a satisfactory level, the 
antigen may be gh’-en in rapidly increasing doses at frequent intei'Amls. 


IN.VDKQUATE .SUTPORTIVE MEASUIIES 

a. Failure 1o reduce ihe ioxic load . — ^Response to the injection of an anlipn 
depends not only on considerations of the antigen but also on tissue react ability, 
Avhich in turn is affected by the toxic load on the .system. An iindraincd (i.e., 
confined) focus of infection is a source of toxic material. AVlieii the locus is 
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(Irainofl or roinovod iimcli oV Ihis is climinatod, li<ihloi\ing tlic toxic load on the 
body. Tills Is one of )Iio most important piiaso.s of Imcicrial anti.gon tlierajiy. In 
many instances in whicli tin* patient is sensitive to extremely small do.se.s of 
antigen it will be fonnd that tln>r<; is an untreated focus. Nnmorons patients 
who reacted badly to small doses of antigen liad a beneficial re.sponse to much 
larger doses of the same antigen after foci of infection bad been drained or 
removed. 

The toxic load may also bo reduced by appi'opriate ebemotberapy and 
pb.vsiotberapy. 

b. Failure io correct endocrine dysf unction. — A lowered basal metabolic 
rate has been reported a.s a common finding in chronic artln-itis'*' and in chronic 
low grade infections.’'-' In jiaticnts who become drowsy after a dose of antigen 
that is higher than the optimum amount, the drowsiness may often be reduced 
by ginng adequate amounts of thyroid preparations simultaneously xvitli the 
vaccine injection. In patients with more definite evidence of tbyi-oid bypofunc- 
tion the continued use of thyroid pi'eparations may prove markedly beneficial. 
Often, in these cases, tb.vroid function improves as the general health improves, 
and thyroid therapy may eventually be discontinued.-® 

Sex gland and adrenal dcficioneics may also reqriii’c attention. 

c. Failure to correct liver d!;.<;fu7iction. — Liver dysfunction is common in 
artliritis-’ and other forms of low grade chronic illness.^- Dietary adjustment 
(low fat and cholesterol, high carbohydrate and high protein) and the adminis- 
tration of bile salts arc useful in con-eeting liver disturbances and in improvino- 
fhe response to vaccine therapy. 

d. Failure io supjdy adequate nufriiion. — It is generally recognized that 
resistance to infection is dependent to a certain extent upon nutritional factors. 
Dramatic response is sometimes noted when an adequate diet is supplied or 
even when a single specific dietary factor is administered. The beneficial effects 
of the appropriate use of vitamin B complex have been especially noteworthv. 

With careful attention to the details emmierated and by application of the 
principles to be discussed in the following papers, we believe it possible to obtain 
better results in the baeteriologic investigation and treatment of low grade 
chi'onic infections than are possible by other methods that have been proposed 
for this purpose. 

SUADIAKY 


An analysis of some of the factors that might prevent optimum response to 
the bacterial antigen (‘'vaccine”) therapy of low grade chronic (“focal”) 
infections reveals the following possibilities: ' 


The cultures may be taken from unsuitable foci. The recovery of or<Tanism 
of suitable antigenicity may not always coincide with clinical expeetatiom 

The cultural procedure may be inadequate from the standpoint of the 
technique of isolation, the method of selecting the colonies, the incubation nerJol 

taxonomic considerations, and the methods used to differentiate the etioloS 
bacteria from contaminants. “ eiioiogic 

The culture selected may not possess suitable ^ 

antigen may he injured during the cultivation proeesior!ih the^rf 
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(ion. Tlic injured !iu(if>eii muy ediitnin iiii ex<'(wive ratio of protein to speeifie 
antiiion, etuisiiit: it to be toxie and iiotispeeine. 

The do,sap:(! may be iinsuilabte. Tlie injeefioiis may lie fjivcai too often or 
llic amounts may be too lafde. In other insianees the <lo.se.s m;iy be loo .small for 
adtnjnato stimulation of anlilmdies. The use of a fi.xed .schedule is eoiidemiicd. 

The eondilion of the patient may not be favorable for optimum antibody 
response beejiuse of endocrine or Jinfrilional «lelieieJieies. liver dysfunetion. an 
exeessive toxie load (e.j:., an tinlrented focus), or othei factors. 
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TREATMENT OF EXPERIMENTALLY INDUCED TYPE I 
PNELDIOCOCCUS PNEUMONIA IN ALBINO RATS* 


A Co-MPARATIVE STUDY OF THE ThEIIAPEUTIC EFFICIENCY OF VaRIOU.S SuLFON- 
AMIDFi; AND SPECIFIC RaRBIT ANTIPNEU.MOCOCCUS SeRUM AND 

Combinations of the T\yo 


Elmer H. Loughlin, M.D., Richard H. Bennett, M.D., 
jMary E. Flanagan, B.S., and Samuel H. Spitz, M.D., 
Brooklyn, N. Y. 


^ ROSS and Cooper,’ in 1937, treated TATie I pnciinioeoccal infectioas in 

rats Mith sulfanilamide and rabbit antipneumococcal serum. They found 
that sulfanilamide tva.s better than serum, and that tvhen the ttvo trere com- 
hined they were more effeotive than either therapy alone. 

In 1939, Kepi and Gunn- similarly treated T.^-pe I pneumococcal infections 
in rats with sulfapyridine and .specific rabbit serum. The.v concluded that trhen 
serum was begun tvithin four hours after inoculation, the combined use of 
serum and sulfapjTidine proved more effectual than when either was used alone, 
MTien infection was well established, however, serum was more efiieaeious than 
sulfapyridine, and at this stage the combination of serum and sulfapATidine pro- 
duced results no better than when serum was given alone. 

In 1940, Wright and Gunn’ reported on the treatment of e,YperimentaI 
Type III lobar pneumonia in rats with sulfapyridine and serum. Their results 
differed somewhat from those of Kepi and Gunn. Wright and Gunn found 
that, when the infecting dose of Type III pneumococci urns relatively small 
serum and sulfapyridine were equally efficient, but that when the infectin'^ 
dose was large, producing a mortality rate of 100 per cent in control animals the 
mortaUty rates Muth sulfapyridine were lower than tho.se obtained with serum 
A eombmation of serum and sulfapyridine did not reduce the mortalitv helnt^ 
that obtained ■with sulfap>midine alone. 


In each of these studies the animals were inoculated intrabronehiallv with 
pneumococci suspended in gastric mucin. None, hou-ever, report on blood eul 
ures prior to and during treatment of the animals, making it difficult therefore 
to evaluate accurately the effectiveness of the therapv used, excent from « ce ? 
poi^of gross mortality rates. The laeir ot rep„„s tte tsSrof S 

•From the Department of Internal Medicine Lon^r Itlanrl , 

Received for publication. February 1 , 1943 , ’ Medicine. 

The sodium .sulfathiazole u.scd in this studv -n-ac ,7.,.. a , . 
cSmlSSy. dimethyl sulfadiazine n.sed In this study was dol^ated by%hrA-‘^''°‘’ Chemical 

7 ine -N opera Chemical 
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(‘ullures niiiUes il iin]iitssil)l(! lo fli'lci-miiti! how rapitlly (iia llicrapy wns iililc 
to dispose; oT tiic Iiacleroniic slalc in tliosc aniinais wliioli siirvivt'd. 

In 1941,^ wo roporloel a study of thr conipafativo ofia'aoy of sulfaiiyridine 
and rald'it senun wlion used almio and in oondiination in trtsifinp' artificially in- 
duoc'd Typo 1 juioutnococcal infootions in all'ino rats. Wo found that in tlir-se 
infeotions, wliioii, durinn’ tlio animal s life*, avimt* niaiiifoslod liy positive liload 
cultures, typo specific scrum appeared to lie more potent than stilfapyridinc 
alone; Avlioreas, a comhination of snlfapyridino and scrum, at approximately one- 
half the do.se of either used separately. euA'c results similar to tliasi; obtained with 
serum alone. 

The present report concerns a similar study madi* to determine the com- 
jiarativc cfiecliveness of other sidfonamitlc <lru' 4 s wln-n uscl alone or combined 
with .specific mvtipuoiunoeoceal .scrum i!\ (he (la-atmont of Type I pncumoeocenl 
infection in albino rats. The sulfonamide dnc's emjdoyed were sidfathiazole, 
sodium sulfathiazole. sulfadiazine, .sodium sulfadiazine, and dimethyl sulfa- 
diazine. The last -mentioned drutr. although used cnVelivelv' in the treatment of 
pneumneoeeal luunimoiiia in human heintrs <lnrinvr the past year in Knirlnnd 
under the name of sulfametiiaz.ine,' is new lo liie field of <4iemotherapy in this 
country. 

Minnon.s 

Inoculation of the rats was accomplished hy sprayinc small amounts of a 
pneumococcal culture into both the pharynx and nares. a method de.serihed in a 
previous pajicr." The culture, which was suspended in la <-.c. of a physiolotric 
solution of sodium chloride, consisted of the washinizs of the ]ieritoncal cavity 
of a white mouse infected with Type t pneumococci (KI .strain), and contained, 
as a re.snlt of the peritoneal intlammation, natural ninein in .addition to the 
other components of .an infl.amm.atory exudate. The jiroeedure u.sed to inoculate 
the .animals AV.as entirely nonlranm.atizinn:. .and. avc lielieve, simnlatcd the manner 
in whicli hnm.an pncumoeocenl infections occur. 

A total of 137 rats, weitrhiiifj: aiijiroxiinalely 30f) trrams each, were thus 
inoculated. Of these, 12a animals (91 per cent) heeamc iufoeled as miuiife.stcd 
by blood cultures positive for Tyjie I ])ncumoeocei. Only tiiosc animals develop- 
ing positive blood culturc.s Avere used in tins .study. 

Cultures of tbe blood Avorc made .iu.st prior to llic initial treatment, at 24 
hours after inoculation, and at 48 houi-s, and 72 honi-s, .iust jirior to sneececling 
treatments. They aa’ci'c then m.ado ,al daily intervals until death ensued or until 
no groAvth Avas ohtainccl. Tlic hlood for culture AV.as iilalod on Avery’s medium 
for pneumococci, to Avhich Avas added .a.O mg. ]jcr 100 c.e. of paraminohenzoie 
acid. 

All the animals used, AA'hcllicr dying sjumtaneously liefore liic fiftccntli 
d.ny or .sacrificed on the fifleentb day, avcvc au1o]i.sied. 

Althougli 125 animals Avere snecc.s.sfidly infected, 114 Avero included in 
this report, since in 11 animals Die .suspensions or .sohitions of tlie .sulfonaniido 
drugs Averc introduced accidentally into tlic traeliea, producing immediate 
dearii. There was, tlierefore, an unequal distribution of animals in some of tlie 

groups. 
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To insure ncciiriifo dosnfie, tiio suiroiiiituide {•onipouiuls. cifl)er suspended or 
dissolved in dislilli'd wnler. wtu-e !idTnijiistorod ])y "uvnue. The nTitipncunio- 
coeeal serum was ndminislored in1rai>i‘ritononl!y by injcelion. 


SURVIVAL PERIODS OP RATS WITH TYPE I PHEUMOCOCCAL IfJFECTIOfIS 




DOSAGE OF BABBIT .VXTIPXEUAIOCOCCAE SERUII AXD THE SULFOX UnDES 
A series of 21 animals, in which no therapy had been - 
control for those receiving treatment. Therapy with serum^'s^^o^^l'^'^ ^ 
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(■oiiii)in!iti(>ns of tin- (wo wjis Itrmm ;i( (wriity-foiH' lio\iis nftrr iiioculiitidii with 
inieiuiiococci. 

Sernin. — Tlim; luiiuiied uiiit.s of ooiicc'Jilialcd Typo I ra!)i)it aiitiimcumo- 
foooal .sertiiii woro on llim* snooossivo days to oaoli a?iiiiinl of a seeoiid 

scries. 

yidfonainidcs Alone. — To a third .soric.s. nijr. of a .snlfonaiaidc drug per 
animal (sulfathiazole, .sodium stdfathiazolo, sulfadiazine, .sodium .sulfadiazine, 
or dimethyl sulfadiazine) was ''ivon alone t<) eaeh of live groutJS of anininl.s on 
tlii'oc suecc.ssivc days. 

.Sulfonamide and .Serum Oomhiued. — A eomlunation of 300 mg’, of orieofllie 
sulfonamides and .‘100 units of antipneiunoeoeeal .serum per animal w.'is adminis- 
tered simultaneously daily for three days to e.ieh of five groups of rjits of a 
fourth .series. 


% or SUHVIVAl. AMD UOSTAtITT RAltS Of RATS IMftCTtD WIIM TTCC I PHCUMDCCCCI 



Cliart n. 


RKSUI.T.S 


Series 1, Conirol Animals . — Seventeen of the twenty-one rats in this series 
died. The mortality' rate was 81 i)er cent. The average i)eriod of survival of 
those rats djdng .spontaneously was 3.9 days. Of these, two had pneumonia 
alone. Three animals had, in addition to pneumonia, one complication; four 
had two complications; six had three; and two had four complications. Of the 
foul’ animals surviving fifteen days and sacrificed, three had resolving pneti- 
monia, Avhile one had .bilateral pneumonia com])licated by empyema and perr- 
earditis. The average duration of bacteremia of the surviving animals was two 

days. _ • 

Series 11, Serum Alone . — One of the seven animals in this series died, giving 

a mortality rate of 14.3 per cent. This rat, which died spontaneously o'l die 
fourth day, had bilateral pneumonia, complicated by empyema, pericarditis. 
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f^rie? 1 — Controls 
Scrips n — Serum alone 
Scrips 111 — Cl'omotliorapv alone 
Group “A>'— SulfatliiaMle 
Group “B” — Sodium sulfatliiazole 
Group “ C ’ ’ — Sulfadia7,ine 
Group “D” — Sodium sulfadiazine 
Group ■<£■" — Dimctlivl sulfa- 
diazine 

Scries IV — Sulfonamide and serum 
Group “ A ’ ’ — Sulfatliiazole and 
scrum 

Group " B ’ ’ — Sodium sulfatliiazole 
and serum 

Group “C” — Sulfadiazine and j 
scrum 

Group "D” — Sodium sulfadiazine 
and serum 

Group “E” — Dimethyl sulfa- 
diazine and scrum 


and meningitis. All those sacrificed had i-csoIviHg pneumonic processes. The 
average duration of bacteremia of those sacrificed was two days. 

Series Iff, Chemotficrapy Alone . — Group “A"’ Sulfathiazole. — ^Five of nine 
rats died. The mortality rate was 55.6 per cent. Tlie average period of surtdval 
of those dying spontaneously was seven days. Three had but one complication ; 
while two had two complications. Tlte four animals which survived for fifteen 
days had no pathology at autopsy. The average duration of bacteremia was 
three days in the sacrificed animals. 

Group "B” Sodium Sulfatliiazole. — Four of eight rats in this group died, 
the mortality rate being 50 per cent. The average period of suriir'a! of those 
dying spontaneously was 5.3 days. Two had pneumonia with one complication 
and two had two complications. Three of those sacrificed at fifteen davs had no 
pathology, while one had resolving pneumonia. The average duration of bac- 
teremia of the sacrificed animals was 3.5 days. 

Group “C” Sulfadiazine.—Three of seven rats died. The mortality rate 
was 42.9 per cent. The average period of surAival of those dying spontaneously 
was 6.3 days. Each of these animals had but one complication in addition to 
pneumonia. Of the four animals sacrificed on the fifteenth day, one had no 
pathology', while three had resolving pneumonia. The average duration of ba 
teremia of the sacrificed rats was 2.25 days. 


Group "D ' Sodium Sulfadiazme.-Therc were .seven animals in this 
Two died; each on the seventh day, giving a mortalitr rate of 2S 6 per cen^ O ^ 
had pneumonia alone; the other had pneumonia complicated bv . 

pericarditis. Four of the five animals sacrificed on the fifteenth d^v Td^"^ 
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patliolo;,’-)’, wJiilo one liad rcsolviii'r pneumonia, Tiie avcraire duraiioii of liac- 
tereiiiia of those saerifieed was ‘.5.4 days. 

(iroiiji “iO" Diinetliy] .Sull'miiaxine. -- Of 11 ;iiiimals- Irealed, (wo dicil, one 
on tiic si.stli and one on the .seveiitli day, "ivjiiu a mortality rati' of IX.t.’ jar ce.'it ; 
these liad re.sjieelively bilateral piieiimoiiia, em|)yema, and pericarditis; awl 
bilateral pneimionia. Of the nine animals which wei<- .s:ieriticcd ori tlio fifieoatli 
day, four liad no ]iatholo”-y .and live had rc'oivin" jniennionia. The avera'-'f- 
duration of bacteremia of the saeri(ice<l animals was 1.22 day.s. 

Serifs IV, Siilfoiiinnidt and St rum f'oiidiitifd.-lhmij) “A’’ .SnllJithia/oh' 
and .Serum.-~There were ten tails in t Ids .series. I■^lnr. or -It) per cent, died, three 
on the fourth d;iy ;ind one on the thirteenth day. 'I'lii* :iV(‘r;i"e period of .siirvi\Tl 
was' a.d tiay.s. I'he liitler h;id bilater.'d pneiinioni;i .'done; of the other llirec. tv.r. 
liad imeumoni;!, emjiyeimi. and iierieanlitis, ami one had jineiimoni.a and aicniii- 
trilis. J'’onr of the six rjits saeri(iee<! on the lirieenth day had re.solvintr 
nionia, ami two h.'nl no palhidoey. The .•iver;i”c diir.ition of bactereini;i of the 
.saerifieed animals was ,1.17 days. 

Grouj) “B" Sodium .Snlfathi.-r/.ole and .‘^ernm. — Two (2r> per cent) of cient 
rat.s in tlii.s .series died on the third ;ind fonrth days .••(•speetively after inocnlafioii- 
The former had bilateral pneumonia, empyema, and nioiintritis: the latter, 
bilateral jmeumonia. The mortality rate was 25 per cent. Of (he .six animals 
.surviving" fifteen days and stierifiecd, two had no jmtliology and four had re- 
solving pnoiimotna. The average duration of iiactoremia of (Imse saerifieed was 
1.7 (lays. 

Group “0" .Sulfadiazine and .Serum. — One of eight rat.s in this group 
died, giving a mortality rate of 12.0 jier eent. This .•iniinal. wliieli died on the 
eighth day, had iiaetereinia for one day. and at antoj>sy, had hilatcral pneu- 
monia, empyema, and jieriearditi.s. The .seven iinimals .saerifieed on the fifteenth 
day, with one exception having no pathology, had re.solvitig puvumotun. The 
average duration of haelcremia of those .saerifieed was (wo day.s. 

Group “D’' Sodium Sulfadiazine and Sennn. — Two of eight rats in this 
group died, the mortality rate being 25 per cent. Tliese animal.s died on the 
fourth and fourteenth da.vs ;nid I'espeelively had jmenmonia. ompyomn, and 
pericarditis; and rc.solving pneumonia. One had no pathology. The average 
duration of bacteremia of those .saerifieed w.as 2..23 d.-iys. 

Group “I'j” Dimethyl Sulfadia'/.inc and Serum. — Tei> I'ats were treated and 
none died. All ten rats were saerifieed on the fiftoenlli day. Seven at autopsy 
had resolving pneumonia, while three liad no patlmlog.v, 'J'Jic average duration 
of bacteremia was l.G days. 

There were no inst.Tnecs of toxicity resulting from any of the thcrapenlie 
substances used. 

SUMMARY AKD COXCLUSIOXS 

1. Type I pneumococcal infection as manifested by positive blood eiilturcs 
was produced in 114 aliiino rats. In those rats dying .s])on(ancousl.v, piienmoina, 
and in most instances such complications as empyema, pericarditis, peritonitis, 
or meningitis, were found at post-mortem examination. 
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2. Sulffitliiazolo, .sodium sull'alliiazole, sulfadiazine, sodium sulfadiazine, 
dimethyl sulfadiazine, and eoneenl rated refined Type I rabbit antiimouinocoeeal 
.serum were used alone and in eombination and administered to 93 animals, Ireal- 
meut being started at In'cnty-four bour.s after inoculation. 

3. In Type I imcumonia in rats, treatment with, serum alone and dimethyl 
sulfadiazine alone rc.sulted in higher survival rates than with any of the other 
.sulfonamides when used alone; whereas, a combination of serum and the 
sulfonamides gave belter results in all instances than the rc.speetive .sulfonamide 
u.sed alone. Dimethyl sulfadiazine in eombination with Tj'pe I serum ro.sulted 
in higher survival rates than did any of the other sulfonamides. Sulfadiazine 
combined with serum ajipeared to be next in effect ivcnc.s.s, while sodium sulfa- 
thiazole, sodium sulfadiazine, and sulfathiazole, each eombined with serum, were 
less effectual in this order in saving animahs. 

Wlicn compared with dimethyl .sulfadiazine alone, sodium sulfadiazine, 
suKadiazine, sodium sulfathiazole. and sulfathiazole were lc.ss effective in this 
order in producing survivals. 

4. Sulfathiazole and sulfadiazine were more efficaciou.s in di.spo.sing of bac- 
teremia than were their respective sodium salts. 

5. Dimethyl sulfadiazine, when used alone, cleared the blood stream of 
bacteremia more rapidly than any of the other sulfonamide.s alone, senim alone, 
or the sulfonamides combined with scnim, 

Wc wKsh to express our appreciation to Doctors Tasker Howard, Wade Oliver and Arnold 
asrserth for their careful criticism.s and susse-.stions in this study. 

Wc wish to thank also Mr. Sidney M. Karlton for Iiis cooperation. 
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lot- /?i.' ponvo ..r Iiv.T <iis- 

of dVnniin 'X! ‘•''•’"'''•-■‘I 'lininilty nve 

"voltnr ToKva.-An. ,lo..,.J,,r,on U.,, .nil 

f'lirlv simn)/ "* ^ *■'*" hi mi,- si‘ntm sitmph m n 

ir'-in';, ' " 'I"'- 

(lii^novK- in It r "! ' in nii'ivinir :il ;i l■nm■^■l ililVi'niilinl 

nvHnal mmv'of’xXi!''' ''<■•'‘•'' 0 " wis jioi-foniifi] .•jcconlinf' lo tlu’ 

cl'lmSe k Z, 'Hu. s(.u.k snl.tiim of jut o.u.t ooFinm 

100 c.c. (lisfiJWl '-I'londc ir^-O in 

sohifhii -iro nmnj' Z r wtiicli iiro ptvpinvd fro)i) this stoi-k 

tion inmn-ii-v in tin c.., ''' '' '''' ‘‘lojirly j-rcoiriiizalilo l•nagtllll- 

thc test, tubes eoiiL-t"' '' iXr *'''om nnnnal imiividiials lifter 

for fifteen ininnt ' ‘r^'i !*' 'T'luOons of f'.-iOF aiul si'niin have heen hoiicd 
than 0 test til) Z‘ . i'll ’ ion iiiay oeeiir in fewer 

shortened or shifted"to the Fir''T)r"h’r^ '' 

modifieZnn nf M XT"' ZT ^ '‘^'‘‘**'-Xra reaelion was performed in the 
serum is l-oni \ i'”* •'^™"»orA By cixirijr (},fx nieihod the amount of 

TJirt n/t - \ *•” ’ i”* * ‘-f'JX'enlraf ion of merenrie ehlm-hlc is varied. 

'/!'««h'ige of msiiig this modification is- (he po.ssii)ili(y of grading the reac- 
lon III a an \ simp e Ao fiocTiihlmi or floeeulation up to the seeond 

tube eon.stitiifes a negative reaction. Floeeulation up to the third or fourth 
tube is considered a ivealc positive, and flocculation hevond the fourth tube is 
considered a strong po.sitivo reaction. 

Cep/mjm 7V.v/.--Thc cejihalin testv^ was porformod with the 

commercially obtainable Difeo jiroduet. According to Hateer and eo-workci-s/' 
this piOQUct, which is made ol' an especially rijxnied cephaliuj g^ives reliable 
results. Doubtful icaction.s a.s uell as wealc positive ones u'cre not regarded as 
positive. 

RecclvecI for publication, Jlay 2S, 1013. 
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Fifty-two ojisos of ])i'iiii:ivy liver disease or presenlinci .iaundico and 70 
control eases were used. The liver eases weni divided into flirec groups; cir- 
rhosis of the live)’, diffuse hejiatiti.s, :ind ohslructing .iauudicc. Only those, 
cases were used iu which the diagnosis was roasouahly ecrf<ain. Cases not 
suffering from liver disease were used as; controls. 

Fc.si/ff.s. — (a) lliffuse Hepatitis. — Tn one of the 13 eases of diffuse hepatitis 
the Weltmann tost showed a slight .shortening of the coagulation band, in three 
eases a .slight ■i)rolongntinn. and in 0 eases a marked prolongation. It is note- 
worthy that the most pronounced shift to the right of the coagulation band 
was observed in this group. (Tn 3 cases coagulation included dilution 9.) The 
Takata-Ara reaction was marked positive in 3 eases, slightly positu'e in one 
ease, and negative in the remaining 9 eases. The cephalin test wa-s positive in 
7 out of 13 instances. 

(h) Oh-structive .Taundice.— Twenty-six cases of obstructive .iaundicc were 
examined. In 12 cases the obstruction was due to neoplasm, in 14 eases to 
stones. In the eases in which the obstruction was due to neoplasm, the coagu- 
lation band was in 3 cases shortened, in seven eases noi-mal, and in only 2 
ca.se.s slightly prolonged (dilution ly^l. In the cases of obstructive .iaundiee 
due to stonc.s, the Weltmann test showed in four cases a shortening and in 10 
eases a normal range. The Takata-Ara reaction was one time strongly and 3 
time.s weakly positive in the cases of obstructive jaundice due to stones; twice 
strongly and twice weakly positive in the neoplastic group. The cephalin test 
was three times positive in the stone group and twnce positive in the other 
group, altogether .o times in 20 cases. Erroneous results of one of the tests 
are frequently counterbalanced Ijy the correcting re.snlts of the other tests. 
For instance, one case in this group .showed a positive cephalin test, hut the 
Takata-Ara reaction was negative and the coagulation hand was shortened to 2. 


(c) Cirrho.sis. — In 14 cases of cirrho-sis, 8 .showed a marked and 2 a mod- 
erate prolongation of the coagulation hand. Tn four cases the coagulation bands 
were normal. The Takata-Ara reaction was strongly positive in twelve eases, 
weakly positive in one case, and negative in one case. The cephalin test was 
11 times positive and twice negative. In one case it was several times negative 
and became positive only a few weeks before the death of the patient. 


Control Cases . — In 70 control cases the 3 reactions were .simnltaneouslv 
perfoi-med. The Takata-Ara reaction was 11 times .strongly po.sitive and *6 
times weakly positive. The cephalin te.st was 6 times positive, once in a ease 
of pneumonia, twice in ca.ses of .subacute bacterial endocarditis, once in a ea.se 
of nephrosis, and once in a ease of multiple myeloma. The results of the 'Welt- 
mann tost varied in different conditions. The usefn]ne.ss of this test in the 
interpretation of various di.seases has been confirmed by Teufl,' Levimson Klein 
and Eosonhlum.® Levinson and Klein.® Dee.s," and Kraemer.“ Two cases of 
.subacute bacterial endocarditis showed a lengthening of the coa,gu]ation band 
a po.s\tive cephalin test, and a negative Takata-Ara reaction. The.se findino-s 
suggested diffuse hepatitis. There was no jaundice present, however and there 
was no reason to doubt the diagnosis of .subacute bacterial endocarditis 
clinical and bactcriologie grounds. In one other patient suffei-inr, r,... ' 

MU,„, .1,0 ,.o.,„,.o of .1,0 .h,oc ,c»,s 
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.•iu/M|,.sy IIMWCV.T, Miily ffironir (•..iii.M.sf ion „f )/t iill oihcr 

(‘oiiti-dl cjisi's llio results Ml' til,, eoiiihin,.,] |,.,h|s u’civ tint iiiis)i.;Mrnii:. 

Cfimvtntl.' { Ii(' siiiiiiitiiiicnis use uf lli,. " reiietidus •,'iv;itly enliiiiieis flieir 
viilii,' ;is eaii lie ree„d)iiz,.il ),y eritje;,) .•e.-iliiatioii of tlie tests. None of tiu- 
miedoiis are .s|)eei/i,.. ItlayMt I,:-- eoiieluiles on the lia.sis of tlie lll.^ratiire a.s well 
as on Jus ou-n e.Kti.iisive exi.efi,.ne,. that tii,. Takata-Ara reaeiion may jrive pesi. 
lu I, sit Is in ,1 wide vai’iety of disfa.sr.s. It is not a .s/ieeifje test lait "ive.s »sii- 
<1 ^ a posituo ii'siilt in Tiiore advanet-d ease.s of liver eirriiosis. ft is fref/iieiitlv 
I)< si(i\, 111 ,u ul<> liejiatitis and niali'^naiit (lisease of the liver. The- n.se of tlie 
eeplialin floeeulatmn te.sf to deiiionslrate aetive disease of liv.-r paieneliymn k 
wil lonl n'K’stion, \(‘ry wdnahle, fontid. lio\ve\-er. as in tlie Takafn-Ar.i 

i-eaction a mmihor of wroin: posit iv,‘s {S.C p.-r ,.,.„t’). A jiositive <.,.j,|ia!i;i test 
inv I t lei, fot (.. oeeasionally he inisleadiinr in a jiatient with ipie.stioiiahle 
I'll i IS, a.so willioiil janiidiee. I he lest does not alway.s allow a differentiation 
>P if'p<ilo":enoits and ohstrueliv,' jaundiee. In l.‘! eases of hepalo"eiiiiiis 

.taimdieo we found (he test jiositive only T limes. On (lie olhm- liaml. the test 
Wfi.i posituo .) lim,',.- in 2(i (.ase.-- oi ohstruelini: .ianndiee. In onr serii’.s the 
'“I [•■•^'•itive reaetion.s was round in the -roiip of liver eirriiosis. 

1 If- Woltmann reaetion showed (he most jn-ononneed jirolrMiimtion in ea.ses of 
f 1 /n.so u.patdi.s and al.si, very tinirked proloimation in eirriiosis. It wins usn- 
a iy normal or sIi„rt,.,H.d in ease.s of ohstriietin- jaundiee. Thiw findin-.s arc in 
full agrcenipiit \vith (he e.xperienee of Weltmann and .Si.'der.’’ Teii/l,' ami 
jG'insoii and Klein. ^ The totaloiK'y (<i (he ieiurthenini-: of the eoatiulafion hand 
i.s yeir . strongly maintained in eirriiosis (-sjieeially. ’ Oomjilieatin-r proeessp.s. 
which ofhGnvj.se would 1,-ad to a marked .shortoninir of the hand, liave .sliLdit, if 
any, influonce. The eoagulation hand i.s an unsjiecific reaction, liowever, and 
marked lengthening is occasionally .seen in other condition.s, 

y, und onrhtsum. ^^el|mann .s,'riim eoagnliilion haml. ci'jihalin 

doceulation tc.st. and Takata-Ara reaetions in the modirmalion of itiiineke and 
Sommer were performed. Tn r,2 liv,-v easi-s and 70 eonlrol ea.sc.s it was found 
that, hy u-sing all 3 .siniide tests in (he .same .serum .sainjd,-. their value for the 
clifiGrentiatioii of liver diseases could lie markedly inen-ased. Thirteen eases of 
(1 use lepatili.s .sllo^\c(l a li’(H|uen( and ])ronouuced j)rolnn"ation of ibo 
coagulation hand, a frequently imsilive eeiihalin lest, and only an occasional 
positne Takala-Ara reaction. In 2(i ca.scs of ohslrncfing janndieo tliere was 
Jotind cither a .shortened or normal coagulation hand, an occasional positive 
Takata-Ara reaction, and only an occasional positive cephalin test. In. 14 ca.scs 
of eirriiosis of the liver a iirolongatcd coagulation hand, a posifii’c Takata-Ara 
leaetion, and u tic<iucutly positive cephalin tost, were found. Onlv in one out 
of 70 eonlrol cases did tlio clinical picture and result of the to.si.s lead to the 
erroneous diagaiosi.s of cirrhosis of the liver. 
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PREPARATION AND PROPERTIES OF A DRY POYT^ERED MIXTURE 
OF SUIjFANILA^MIDE and hemostatic GLOBULIN' 


I. A. P.\RFKNT.TF.V, PlI.D., 3ilARY A. OOODLIXK, B.A., AND lOtAXCDS L. ClAI'F, B.A., 

Peari. Rn-ER, N. Y. 


A BOUT two years ago, ivc isolated from rabbit plasma a fraction posse.ssing 
A a hioh eapacity to clot fibrinogen.'’^ Solutions of this fraction diluted 
to a protefin content of 10 per cent are stable and exhibit high thrombic actmty. 
The material Avas preserved with 0.3 per cent phenol and phenyl mercunc 
acetate 1 -.20,000. Prepared in this Avay, hemo.static globulin could be Berkefeld- 
filtered and’ stored at 5° C. for over one year, at the end of Avhich time the 
product shoAved only a slight loss of potency. • 

Extensive studies on the physiologic action and clinical application of 
hemostatic globulin Avere performed by Finland and Taylor and their col- 
laborators^’*’’*’ Additional information Avas piescntcd in the paper of Bird, 
MeSAvain, Kauer, and Glenn, introduced by Rexnikoff.-"’ Recently Taylor and 
Adams extended’ their studies on thrombic activity of a globulin fraction pre- 
pared similarly from other species of blood (beef, SAA-ine, and human). ^ Fergu- 
son used hemostatic globulin in the estimation of fibrinolysis.®’ *> An editorial 
in the Lancet has revieAved the Avork so far performed AA-ith hemo.static globulin 
isolated by us from rabbit plasma.'" 

clinical trial, it AA’as found that these preparations could be diluted 
to 1 per cent protein (1;30) before being used. Such dilute solutions still con- 
tained enough potency to stop, by local application, bleeding in normal peisons 
and in hemophiliacs."'" Studic.s on the stability of hemo.static globulin in more 
dilute solutions (than 10 per cent protein) and at different pH IcA'els are noAA- 
in progress. 

•From the L.O(lerlc L.aboratorie.^. Inc. 

Received for publication. June 23. 3913. 
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Krcciilly, \vi‘ itrcp.'iivd dry hciiKistalic '^loludiii I>y the pi'dccss (lyoiiliili?.!- 
tioii) Unit is us(‘d I'm- ilir dryiiiu of liuiiian plasinii. 'Phis dfi*d tnap'H.'ii 'vas 
trround in a nnnTar and slcrilir.cd l>y dry In-al at iltC’ for <‘i<riit lioiirs, Tlif 
tivatturnt did not nffret tiic solnltilily of iiciiiostalir uloindin. Its ihioiiiliii' 
activity was also found to la- wry little affected l.y this niellifnl of dryint: ami 
sterilization, (’onirary to tiiis. .solutions of eloltinir irlolmlin are imicli iiieic 
tlienuolaliile. fonijieratnres Idudi enouuli for eoa'zulalion of proteins rapiilly 
destroyinu' ilieir clot tine ea|iaeity. 

Tlie next step of our resi'ai-elt was to pr«‘pare a mixture of dry lieniostatii’ 
<rlol)idin and sulfanilantidt' (.r.t<.P., -Ht to .‘^t! inesli erystalsi. Hemostatic 
dobulin Mas added in tlie amount of .*» per cent to the sulfanilamide. Tiic 
materials MT're tlmroiiirlily mixed hy irriudiiur in a mortar, and tlie mixture was 
then sterilized by dry heat at 11(1“ (.'. for eiubt Iiouis in small .samples, not 
exeeedine ~i Gni. Material prepared by this method was found to be sterile. 

For testinir the sterility of the powdered mixture, advantam* was taken ot 
the fact that baetcndiistatie action of sulfa dimes is neutralized by para-ainiim- 
benzoie acid."'-’- The usual liipiid medium (Hrewer’.s) mai'loyi'd for .sterility 
tests, and suitable for both aerobic and anai'robie "rowth. was moililied by the 
addition of 10 me per 100 e.e. para-aminobenzoie acid. To approximately 
40 e.e. of this medium in .'smitli fermenlafion tubes wore added by means of » 
sterile >rbi.ss spoon approximately .')() nur. of tlie powdered mixture from cat'ii 
eontainor tested. At li'ast .‘i per I'ent of the containers in each experimental 
lot were thus teste<i. The iueiibalion t)eriod was seven days at C. Po 
cheek the broth for its suitahility for use in sterility testiin: of siiifanilaniidc. 
one tube inoculated with the fiowdered mixture was also inoculated with imcn- 
moeoeei. Promjit trrowth of (he,so eoeej resulted upon iiienhation. 


T'.Mii.r. I 

Snowi.va Tii.vt MiXTri:i;s er I'inviii:i:t;i) IlKMo.sr.Mie (Suiiumn a.sh I>ewM:ia;i> .st i.r.\.vn..'Miiir 
C.\s III: STKiai.izrn With Diiv 11 i:at With Ai'e.\i:KNTi.Y .so l.e.ss or J’owiiniri) I'lmrniTV 



nr.MosTATic 

(ji.oiiriii.v 

.MixTn:i; (ir sri.rAsn.- 
A.Miiii; A.vi> iiKM. m.oii. 
iirrom; .sTrr.n.iz.vTios 

.Mi.vrri:i: or simrAXTr.- 
AMII'K AXTl nr..M. OI.OH. 
.\FTKI: .STKCIMZATIO-X 

lULUTIOKS 

vixmiii: or oi.otj'ixt. (ei.om.vo ti.mi:- 

-.■> .AtiN-inrKS) 

3 :10 

-f f -f -T 




1:20 

4. -i -1- d- 



— 

1:30 

i'-h-r-f’ 

T T -f- 

'f- 'f- T "f 

3:80 



T-i- + 

3:300 

r + 

A, -4 

4- + 

3 :;! 2 n 

± 

+ 

-4- 

3 :010 

± 

4- 

0 

1 -.1280 

0 

0 

0 


After sterilization the material was tested for elotlin>r iioteuey. The 
re.sulls of these tests, friven in Table I, demonstrate that the thronihie activity 
of hemo.statie frlolnilin in the sterile .sulfanilamide mixture remained unim- 
paired. In order to measure the thromhie activity, lOo mg. of the dry jiowdcrcd 
mixture wore suspended in 2 e.e. of physiologic, .saline solution, corresponding 
to a 1 :40 dilution of original hemostatic glolmlin (10 per cent protein .solu- 
tion). From this snopension doubling dilutions were made. To 0.1 e.e. of each 
dilution in Wassermann tubes was added 0.9 c.c. of oxalafed normal liorse 







I’Ani'KNT.IICV V.T AK. : Srhl'ANIbAMlUK ANO IIKMOSTATIC f.I.OliUIjlX 1467 


plasma (0.26 par cpiil 1 prasorvad wilh 0,46 par aant ])hanol. 7Mic lubas ware 
placed in a water bath at :17° and tlia <l('!ira<> of elottiii'i M’a.s rceoi'dod at 

the end of five ininuto.s. 

In the tabic the eoliunn at the loft recoi-ds the clottiipj: liter of the original 
licmostafic globulin, No. 16:111168. prepared a.s a .solution containing approxi- 
mately 10 per cent ])rotoin and ]U'a.sarvad with 0.:3 per cent phenol and phenyl 
mercuric acetate 1 :20,000. The middle column records the clotting titer of the 
mixture of dried bamostalia. globidin (]>rai)aved from No. 133IT168) and sul- 
fanilamide, while the column at the right records the clotting titer of the .same 
mixture after sterilization. 


Clot.s are designated as follows: 


^ a. -L 


Solid clot : adheres to sides when tube is invcided. 

Firm clot ; does not adheic to sides when tube is inverted. 
Partial clot ; flow*; along sides when tube is inverted. 
Small clot ; most of the material remains liquid. 

Strands of fibrin observed when tube is shaken. 


In the preceding paragraphs we have de.scribed the method of pi’eparation 
of a sterile mixture of powdered sulfanilamide and hemostatic globulin. Prep- 
aration of such a mixture became po.ssible after it was observed that din* hemo- 
static globulin po.ssc.ssed remarkable stability at high temperatures. As .stated 
above, drj- powdered hemcstatic globulin withstands eight hours’ heating at 
110° C., and at the end of this period shows veiy little loss of it.s thrombic 
actinty. 


SUMMARY 


1. Evidence is presented that dry hemostatic globulin possesses remark- 
able stability at high temperatures, withstanding eight hours’ heating at 110° 
C., at the end of which period it .shows veiy little loss of its thrombic actmty. 

2. The mixture of hemostatic globulin and sulfanilamide may be of x’alue 
in the treatment of wounds, since it po.ssesses both thrombic and bacterio- 
static properties. 
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LABORATORY METHODS 


QENERAL 


A .SI:MI’1.K MKTIIOI) Koh’ TIIK ( ’< ).\sTl{r( 'TfoN oF .NOAfOi.'KAI’IlS* 


C. B. (.'ositv, ^M.A., AND n. Wi;\Tin:i!iiv, I’li.l)., I{icii.mond, ^ 


F B1-:QUFNTIA' it is (Icsii jililc to in;iko ninny nipi.l t-nlciilations of out' goncral 
typo. Nnniof'rnpli.s Iinvo licc-n dcvisisl for tliis iiiirjiosr. ^\ liilo ninny ’>’■ 
ficniou.s ways of drvisiii" tiicm iinvc liern offcri’d, all di’pemlinn: rssentinll.' 
on fxraphio reprcsi'iitalion of logarithms, the onr; dcscriliod lieir i-s hrlicM-tl la 
einhody ,scvc'ral distinct advantages. For other methods, as well as a poncM 
diseu-ssion of nomoirrajihy, the njijimided hihliograjdiy may he con.sulled. 

Nomographs arc not uncommonly seen in such diverse journals as “Bni- 
roll’s Financial AVeelvly,” “Educational Psycliology,” “Anatomical llceord, 
and the “American Journal of Hygiene.'’ Statisticians and actuaries use them 
.so freiiucntly that there is now availahlc a “Handbook of Statistical Nomo- 
graphs.” Since tiiey are a valuable tool in engineering and .seienlifie rc.scarch, 
a simjilc method for their construction would ajipear to he of value. 

^Mathematical formulas are merely expressions of addition, siihtraetion, 
multiplication, and division of variables and tlieir consinnt.s. In Fig. I •'’houH 
the scheme for simple addition or .subtract ion of two numbers, which plan rep- 
resents the fundamental device of nomogra]>hy. Here scales arc equally dividcc 
and evenly .spaced ajiart. Numerical values are a.ssigned to the scales so tlml 
any point on the middle .scale has twice the value of the corrc.sponding point 
on cither of the other scales. For examjdc, in the addition of 4 and 12, a line 
(‘ailed the isopleth line, drawn from 4 on one side scale to 12 on the other side 
.scale, cro.sses the middle scale at IG. To .suhslract 4 from IG, a line is diaun 
from 4 on the left scale through IG on the middle scale until it inter.sect.s t le 
right .scale, this point of inter.sc'ction indicating the difference between the tuo 


numbers. 

Since multiplication and division can be aceompli.shed quite eonvenientb 
by the addition or subtraction of logarithms, tins same i)rinciple can be ap)dic<. 
to these processes. Wlien the scales arc graduated logarithmically instea(I o 
equally, the distances can be added or subtracted, giving the desired mullip i- 
cation or division. For this purpose the value of any point on the midd c sea c 
is made equal to the square of the corresponding point on either ot the si 
.scales, as shown in Fig. 2. Since any selected distance on the side . . 

■ ^'roni tl.o Department of riiarmncoloB-.v, Medical Collcffo of VliKinla. Riclimond. A a. 
^“''’‘"uecolved for publication, October 2 , 1942 . 
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jiroportion.-il lo tlir lopoiritliiii (if a imnilH-r, llir adOirniii of siH'li (lisfancis 
ivsuits ill mult ipliraltdii of tlir mimhiTs. As sliown, uo luivr 0 /. (I a-l niul 
<S -r 2 4. ll' till' side scales are not e/iually spaced from the niiddli', this 

displacement in itself i-onstitutes a ruelur of mnllii>lic:itiun. In the siiiiplitiol 
system presented lierc intentional displaecinenl of this Icirnl is avoided. 



In Fifi. 0 is shown the formula and the nomofirajih for the ealeulafion of tlie 
lo.ss of ju'e.ssnrc in a jiipe in whiclt tlie lo.s.s is dejiendent on lenp-th and velocity of 
the liipiid passing throu'rh the j)ipe, ]I =«=■ 2.70 LV’ ’’-'’. The novel feature here 
consists in the use of strips of lofiarithm paper held in jmsition on stilT bri.stol 
hoard by cellulose la])e. This obviates the laborious and tedious division of scales 
and also insui'cs frreater accuracy. The center .scale is eiiually siiaecd betu'een 
the side scales. Further, all scales be<rin at the .same ba.se line of value 3, so that 
decimals, digits, tens, etc., arc easily determined. Usually logarithms arc used 
to solve this equation; i.e., the log of h = log 2.73 log L + 1.S3 log V. The 
log of 2.73 is added lo the log of U by cutting a strip of log paper at 2.73, 
and then the regular cycles of logarithms arc idaeed above so that 1 begins 
at 2.73. To obtain 1.S3 log V, in the in.sert, S cm. wore measured off horizontally 
on logarithm paper, 1.S3 x R cm. vertically, and a line was drawn as shmvn. 
Bach unit of length on the horizontal scale has above it a segment 1.S3 times 
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its l(‘ii»tli. Tlu-Sf Vilhu's arc triinst'i'frcd to tin- iiaiid scale, liy means 

of ilividevs. Tlie center scale is of ))a))cr Iwici! as finely divided as the Icll 
scale. Anyone contemplating eonstx’ucting iiom()gi’ai)lis Avill find the several 
varieties of log or seinilog ]iai)er availiiWe of great assistaxxe,e. 

In Fid. 4 is a noinoiiraph for calculating the resist anee of a parachute, 
in which the same system has heon used. The sipiare of ^ is obtained by using 
for the right hand scale jiapei' that is twice as coarse as that used on the left, 
that is, having one cycle correspond in length to two cycles, for the center 
scale the pai)cr is twice as finely divided as that used tor tlie left scale. 



Fig. 4. — A nomograph for the resistance ot a parachute as given by the tormula R = 
or 800 R = SV=. P. = resistance, S = area in ft.% 'V = velocity in ft./sec, 

In Fig. 5 is shown the formula for the standardization of instilin in which 
there are five variables. Tavo variables ai-e combined by division to obtain 
a reference line, this combined with a third variable to obtain a second reference 
line, Avhich is left in the middle product position, and to the right is placed 
the C scale for division by C. Of course the constant 1.5 is taken into account 
by shifting A upward 1.5 logarithmic irnits. Finally the remaining scale "ives 
the values of U. It should be noted that the reference lines are not divided, since 
their purpose is merely to give points for beginning the next operation! The 
value of these points as such is not needed. 

The accuracy of these nomographs, just as in arithmetical multiplication 
depends on the number of decimal places one keeps; that is on lo^ar'tl ' 
paper one cycle corresponds to one decimal ]>lacc. Anv misplacement'^ of 
axes introduces an error. The limit of fine division varies from 25 to 100 
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divisions per inch, clcjicndins: on the instrainonls used and the cave exercised. 
Accuracy may he increased hy enlarging the graph, Init size nltimatcly reaches 
a conveniently usable maximum. Also, the isoplcth should never slant more 
than 45 degrees from the horizontal, since intei-sections are less distinct at a 
greater angle. Also, it must be remembered that errors are compounded as the 
process is carried from scale to scale. All these may be minimized by care in 
construction of the nomograph, by the use of equally spaced axes when possible, 
having all scales begin at the same base line, and by the use of machine-ruled 
paper whenever po.ssiblc. For iiermancnt use and for copies, large photo- 
graphs may be used under ground glass. The isopleths may then be draum and 
sponged off repeatedly. 

The nomographs illustrated here Avere selected for purposes of demonstra- 
tion only, and not for specific application. ^Yhile novel effects may be obtained 
u-ith systems other than that employing vertical equally spaced axes, the ease 
and simplicity of the procedure outlined arc to be recommended. 

For unusual situations, such as those involving the fimctions of angles, 
recourse may be had to the empirical method as simplified in Fig. 6. Here, 
the result desired is the number of cents which are equivalent in value to a 
mixture of dimes and cents. The outer scales are evenly divided. The location 
of the middle scale, as well as its divisions, is detennined in the following 
manner. Isopleths are drami from the points zero and ten on the C scale to 
several points (2, 3, 4, 5) on the D scale. The intersections of the isopleths 
locate the position of the third scale and its divisions. The outer scales are 
straight vertical lines; the resulting intersections may indicate a straight line 
as shou-n in this illustration, l)Ut in other more complex relations, usually a 
simple curve. 
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TWO XKW MKTHODS OF STAIXfXO VAOlNAh S.MFAh’S;" 


norv-oTiiMA I'T'i.i.r-it, li.S,. M.A.. .\'i:\v Voiik, N, V. 

D l'Rl.\'(i ri'fciil ycjirs yM'viil iii(fn“;l Itns ili-vciopi-il in .sltniifs <il' the vnijinal 
jii'i'iv'lions, l»;i.st'(! Dll (lie wurl: nf I*;i|>iiiii('Dl;iDii. l’'riiin tiiof i<> tinu: no''' 
stiiiniiijr t<‘(*lmi(nics liavc liccii <i(‘visD<J. 

In this <'Diiiiminii-;it inn tun stiiins- arc iirsci i!n’ii. Ti.c first, PHI, is roroin- 
nu'inli'il tor stiulyini: the nionslrnat i‘yclc; llit‘ sccoinl. Post firadiiato II. is 'If- 
siyiH'd for tlio dift'cri'iitiation of iiiali!inant cells. 


lawT oitAiX ATi; I rni: uorriNi: s.mi:aI!s 

hd.\ .smears imnietliately in c<|ual parlv uf jier cent etliyl nhs'hol aliil 
ether t'or at haist five miniites. 

Pun down Ihronirh '.graded aii'nliols (SO per ecni, aO ]ier cent. <’10 jier eciit) 
to wafer. Stain in Fhrlieh's lieinatD.vylin dilntctl one-hall’ with distilled water 
for two minutes. Wash in riinnin" water for foil)- minutes. 

Stain for two minutes in 1. 

Pin.se (piieldy in water. 

Stain for two minute.s in II. 

Pinse fpiiekly in water. 

Stain for one minute in III. 

Pin.se qnieldy in water and run up Ihroinih aleoliols to .\yloI and mount m 
C'laritc or dammar. 


S I ai II itifj Soht I ion s : 

]. (a) 1 f!m. ponceau de .\ylidine. 
})!) c.v. distilled water. 

1 e.c. frlaeial acetic acid. 

(h) 1 (!m. acid fuchsin. 
nst e.c. distilled water. 

1 e.c. glacial acetic acid. 


.Alix two jiarts of (a) with one of (h). 

2. 2 Gm. oran<.::c G. 

I Gm. jihospliomolyhdic acid. 

100 c.c. distilled Avater. 

3. 1 G'm. fast ”:rccn. 

100 e.e. distilled water. 


Superficial cells stain ‘ircen, deep cells a sliirhtly darker frreen ; highb 
cornifiod cells stain orange, and the less cornified cells, pink. Pod blood cor- 
puscles, when fresh, stain i)ink; AA-hen old, green. 

tlie Popnitment of Gyiiecolopy. New York rost-GraCvuite AtcCIcal School ntid Hos- 

’The^e studies wore made po.s.siblc by .1 Br.int from Air. Jcremlnl. . copstruc- 

I wish to cxprc.ss my grateful !ipi>reclatIon to Dr. AA^alter D.-iimrcuthcr for 

the , g icational Aniline and Chemical Co. dyes, 

l^eccivcd tov publication. September 20. 10t2. 
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COST (iKAPfATi; II roit MAIAONAN-r ClCtA.S 

Imx, ami run down to wali'r. and stain in tlic diluted Elirlicli's hematoxylin 
as hofovo. 

Wasli and run nji tlironuh aseendinir alcohols (50 per cent, 80 per cent, 
05 per cent). 

Stain for two minutes in the followin.tr .stain : 

11 c.c. saturated cosin (in 05 per cent alcohol). 

35 e.c. saturated oran.trc (! (in 05 per cent alcohol). 

8 e.c. saturated fast <rreen (in 95 per cent alcohol). 

(In mixinfr this stain, add the eosin to the orantro G and shake; then add 
(he fast "reon slowly.) 

Differentiate (accitate vipcoronsly and rapidly) in 99 c.c. absolute alcohol 
'citli 1 c.c. glacial acetic acid in it for about one minute. Rinse in absolute 
alcohol to xylol and mount as before. 

(This stain does not keej'* very long in its mixed form, and the saturated 
solution of orange G must be the finst saturation. If the malignant cells stain 
too dark, add a few more e.c. of orange G.) 

Superficial cells stain green, the coniiified cells, red, and the malignant cells 
ace usually red or purple. 

These two stains have been used routincl.v in tlie cndooTiie clinic of the 
Department of GynecologA* at the Xew York Post-Graduate iledical School and 
Hospital. They have sliouni a high degree of specificity and have proved 
eminently satisfactory in cell dift'erentiation and diagnosis. 


OK THE YSE OF FIREPROOF COTTON IN BACTERIOLOGIC WORK^' 


Lillian* J. Cajiagnu, A.B., Nutley, N. J. 


'^HE technique of testing bacteriostatic activity in vitro as carried ont in 
this laboratoiy, and most likely also in other laboratories, involves the re- 
peated flaming of the mouths of the test tubes and of their cotton pluos. It 
occurred frequently that by flaming, the plugs of neighboring test tubes and 
occasionally a whole group of them, rvere set afire, thus not only causing an 
undesirable delay in the execution of the experiment, but al.so increasing the 
danger of secondary contamination. In order to avoid thi.s disturbing and some- 
timc.s even dangerous occurrence, we suggested the use of fireproerf cotton as 
closing wads for the tubes. This proved to be a considerable help in earrjdn^ 
ont in vitro tests speedily and with a high degree of safety. We eventuallv 
replaced all ordinaiy cotton wads used for test tubes, flasks, and other containers 
by fireproof cotton. We liavc u.sed the fireproof cotton for more than six 
months ; since this modification was found to be mo.st satisfaeton- in ou • 2 h 
ora^' as well as in other laboratories of the research and produetion denart' 

•Prom tl>e Re.-=earcl, l.aboratoriPi? ot Hoftmann-n-i Roche Inc 

Bcocivca for puhlic.alion. Ootobor IS. 1S12. ’ ’’ * New Jerse.v, 
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Hit. .IO(’llX,\(, or I.AtlOIiATOIfV and (.'fAN’IOAD -MI.’DK'I.VI: 

DiCJits ol t!i(; pljiiif. wc U'i'i jnslifn-fl in rfrotiuiM-iidiiiir iir<'j)rool' cotton for1):i(‘- 
(ono/of^u; lahoratory work. 

1 hopioof cotton nIiou's no (i(;fini(«; th'ficivncc as conipaml with ordinnryeot- 
ton. It. stands ropcalis? stciilizalion in the anioclavo as well as in the hot air 
tires np to 2t)0° (t. |>ro(lnee Init a very sliirlit hrowninu oi 
t/ic hrejn-oof piiios. Kxposnre to nnnv Ilian 200= or Insifini; at 200° C. for 
pciiods longei tlnni two lionrs should he av«)i<h‘d, 'J’he overlieafiny prodiicfs a 
deep brown coloration of tlio pliiys. which are tinally disinteirralcd. They break 
e.isih, and a rmo brown dust may ettver the bottom of the yiass containers. 

hen /lamed in the /lame oi a Ibinsen burner, /irojn'oof Jilin's are only 
.siijiei/ici.ilij charred, even if ('xposcfl for .several minnte.s. There i.s no dancer 
that the cliomieal.s (e.jr., boric acid and .sodium tetraborate*') adsorlicd in the 
proeo.ss of fircproofinj: mi-ht exert a bactericidal or liactcrioslalie activity niid 
coiiAcj it. to the niediinn it it inadvertently come.s in contact with the idii?. In 
oidei to piOAO Ihi.s, the tollowinn cxjierimcnt has lieen carried out rejieatcilly; 

Sterile wads of firepi-oof cotton (weitrht 0.7 to 0.70 rini.) were drowned in 
e.c. papain diirc.st broth witii 0.2 pm- cent {'Iiicose and kept for twentv-fom 
honr.s at room lemiiorafnrc (20° C.). in the refri-crator ( <5° C.), or in the inen 
^ ^ fourth .sample was boiled in the broth for five minutc.s. 
1/ie difiorcnt samples of iirofii were tilled in test tnlie.s, sterilized, and inoculatccl 
with typhoid bacilli, hemolytic streptococci. Stnplococcus vlridau.'i and pneu 
mocoecj Tyjie I. After forly-td.-rlit hours’ incubation, all lnbe.s .showed ns nor 
mally heavy 'rrowth as the eontrol.s which had not been in eont.act with fire 
proof cotton. The organisms were not altered morjiholofrieallv and prew tyjr 
ically in subonllurc.s on solid medium. 

Fireproof cotton is commercially availabicf and less expensive than ad- 
.sorbent cotton. Tt can, moreover, be prcjiared in the Iaboralory.|: 


*U. S. Patent 

tWo iisotl U\c flrcinooC cotton ot the Lockiiorl Cotton naltinc Company. Lockpoit. 
New York. 

IM. IjCathcrman, 1030, PlrCi)roonnEr Christmas Trees. U. .S, DePt Apriciiltnre. Leaflet 
No. 103, 1030. 



A SIMPLIFIED .SEUl'31 DILUTION :METirOD FOR THE QUANTITATIVE 
TITRATION OF PRECTPITINS IN A PURE ANTIGEN- 
ANTIBODY SYSTIUAI^ 


OoxAi.n S. :M.\utix, :M.D., Dukham. N. C. 


INTRODUCTION' 

T he antigen dilution metliod of precipitin titration, based upon obser\ation 
of the highest dilution of antigen yielding a visible precipitate in a constant 
serum-varj'ing antigen scries, continues to be used liy many investigators, despite 
the demonstration by Cromwell.^ in 1925, that an end point obtained by 4}iis 
procedure has no relationship to the antibody content of a serum. Thi.s point 
was empha-sized again by Culliertson,^ who suggested that the antigen dilution 
method is more applicable to the titration of antigen concentration than to the 
estimation of antibody content. This procedure is listed as an approved metliod 
of precipitin titration in most te.vtbooks of bacteriologA-, however, and in the 
latest edition of an authoritative textbook of immunology.’ 

Our interest in the problem arose from a study of the optimal proportions 
method of precipitin titration, using a photoelectric method for recording the 
reaction rates of various antigen-antibody mixtures.* It was demonstrated 
that the galvanometer deflection produced by an antigen-antibody precipitate 
flve minutes after mixing Avas directly proportional to the antigen concentra- 
tion in the original mixture if there were sufficient antibodies to precipitate all 
the antigen. The deflection was not changed by any increase in antibody con- 
centration. These observations were in complete agreement with those of Crom- 
welP and Culbertson- in that the smallest amount of antigen producing a risible 
precipitate is a function of the antigen concentration alone, excluding the 
antigen dilution procedure as a suitable titration method. 

On the other hand, the more logical serum dilution procedure has not been 
used extensively, presumably because of the failure of the earlier workers to ob- 
tain precipitates with moderately diluted serum and because it ^ras soon demon- 
strated that the serum and not the antigen provided the larger part of the 
precipitate. It seems justifiable to attribute some of the low titers obtained 
by investigators using the serum dilution method to their use of relatively 
concentrations of antigen as the lest dose, the inliibiting effects of excess anriVen 
becoming more marked as the relative antigen-antibody ratios are increased 
in the mixtui-es containing the higher dilutions of serum. 

It was felt, however, that a serum dilution method could be used for th 
accurate titration of precipitating antibodies if the inhibiting effect of - 
antigen could be excluded by using, as a test dose, the smallest- amount of antC^ 
3'icldin g a visible precipitate in tlie presence of excess antibodies 

•From the nepartments of Eacteriolosj- and Moaicinr" DuCr. T-r.!,.,. „ 

an, I Duke Hospital. Durham. X. C. ’ = i-n'ver.sity School of Aredicino 

Beceived for publication, October 22. 15i2. 
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TiiK .loriJNAi. i>r i.AmtUAToiiV ,\ni> n.iNii'M, .m);I)1cini; 


The Tyjx! 1 piifiiiiKicdccic ii(ilys;icfli;ii-i<!(‘ .'iiid l)ii- ic/iiicd !iiilii)iii’iiiniiwc'i(' 
fiibhit scrum (•I71-H-I(l!)-Il ) were oliluincd Trom l!n‘ L<'derle Lalmralorie.s' 
tliroiiirli the eoiirlesies (if Dr. .\. 1.. .hiyner and ^liss b'ranecs Clapp. 

!4iinici(‘jil l)ol,sacc!iaride was dis'calved in O.S.'> pei- ecu! .salim,' tf» iiialic a I'Oii- 
cenfration oi' (l.al’J niy. pei‘ e.c, Pro'rrcssively ildtiided diliiliaiis nf stod' 
sohilion were made Pi iiive a scrie.s of lina! antigen ("ineeiil rations ranyimi irmn 
O.'iati iiiL'. jiei' e.e. to rim. pei- e.e. at'Iej' mixinir witli eipial parts af the 

vai’ious .serum dilutimis. 'I'he ju'mrre.ssively dmilded serum dilutions, preparcil 
ill tile same Avay, ya\’e iinal eoiieenlralions raiiiriii'r from I :~n to l;12,.Sl)0, 

rile diri'cl jireeijntin tests w<“i’e pei’t'orined by mixine P.ri (■.<•. (plant it irs of 
each reairetit in Wassermann liilies, 1’Jie mixtures uere siialren a few tinir-s aiul 
('xamined lor pri'eiiiitale formation aft<‘r stamliie; for two lintirs at rooni tem- 
perature. 

Tests for exee.ss aiiliu'eii and antibody wen- made on tlie supernalaiit.s. 
eleai'ed by cent rifuiral ion after the mixtures bad stood overniirlit in tlie icebox. 
To one-lialf of (sieli supernatant was add«‘d an eipml (piantil\' of a I ;a0 dilution 
oi serum, and a solution of atitii’en eontainiiii; nur. jier- e.e. was added to 

I lie other half. 

The oiilimal anliireti-aiilibody ratio, obtained iiv observiiijr the antiijeti 
eoneentration preeifdlatiii.'': fastest in a mixture eoiitaiiiiim a 1 :JbO dilniion of 
serum, was determined by (he photoelectric method.^ 


tu;.sti/r.s 

The ro.sults of llu‘ direct iireeipilation tests, luesenli'd in the upiier half of 
Table I, are recorded as ’ or -, no difi'ereiilialion lieinp madi' as to the de.eroe 
of floeeiilation or tiirhidily. 

The end jioitil in each of the “anli"eii dilution'’ titrations was the same 
(0.0002;7 mtr.), allhoupdi the most eoneeiilraled .serum tested ( 1 : 20 ) contained 
2r)G limes as many anliliodies as the 1 :(i,-l<)0 dilniion. These tindiims were in 
complete a.irrecment xvilh tlm.se of Cromwell' and Ciilhertson," and eonfirnied our 
observations obtained with the pholronretleetometer.'' The results are inter- 
preted as eliminatintr the aiUi.een dilution teehniipie as a <]uauti(a(ivc method 
for determining antibody content. 

The “serum dilution" titrations, on the other iiand. showed (hat (he end 
points obtained xvitb the various antigen dilutions were de|iendcnt to some extent 
upon the eoneentration of aiiligen n.sed in the test, I'heso end points would not 
he expected to lie in a straight line because of (he well-known fact that ])rccipita- 
liou occurs in the region of moderate antigen exces.s. As the eoneentration oi 
the tc.st antigen is reduced, however, tlie ('iid points obtained h.v the .scrum dilu- 
tion tcchnuiuc apiiroaeh more elo.sel.A' to the true imtiliod.v content heennse of tlie 
reduction in the relative amount of excess antigen that can he precipitated b.v 
the diluted serum. Consetjuently it is logical to eboose as the test dose of antigen 
the smalle.st concentration capable of yielding a visible i)roci])itale Avith an 
equivalent amount or an excess of antii)oclies,-in this instance 0.0002o mg. oi 
polysaccharide per e.e. Tlie bighe.st dilution of serum precipitating this amount 
of antigen must therefore contain .lusl onongli antibodies to precipitate this 
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amount of juiti'^en, there heini: no exeoss of preeipitalilc antigen present in the 
mixture. 

If the unit of antiho(lic.s he defined as the amount of antibodio.s equivalent 
to 1 /ig. of antigen, as suggested hy INlarrack and Smith/’ this 1 :6400 dilution 
contained 0.25 units giving an antibody lilralion value of 1,600 units per c.e. of 
undiluted serum. The same value would have been obtained by using as test 
•antigen the solution containing 0.0005 mg. per c.e. wbicb reacted avith the serum 
diluted 1 :3,200. Completely misleading rcsult.s would have been obtained, how- 
ever, if a more eoncenlralcd lest ajitigcn bad been used. For example, the anti- 
body .value of the serum, based on titration with the antigen solution containing 
0.256 mg. per c.c., would have been 25,600 units pci- c.e., nil obviou.sly false value 
because this dilution of serum did not precipitate all the antigen in the mixture 
as shown by the presence of excess antigen in the .supernatant. 


T.\nix r 

AKTIGEN' CoKfENTGATION' EXPRCSSHD IN PER C/r. 

Direot PnErii*iTATioN Tests 


Hn.UTlON 




A 

A 


a 

a 

a 

a 

a 

a 

u 

i :o0 

A 

A 

A 

- 

a 

a 

a 

a 

a 

a 

1:100 

A 

A 

A 

A 

i-) 

a 

a 

a 

a 

a 

1:200 

A 

A 

A 

A 

A 

- 

a 

a 

a 

a 

1 -.400 

A 

A 

A 

A 


A 

- 

a 

a 

a 

1:800 

A 

A 

A 

A 

A 

A 

A 



a 

.1:1600 

A 

A 

A 

A 


A 

A 

A 

_ 


1:3200 

A 

A 

A 

A 

A 

A 

A 

A 



1:6400 

A 

A 

A 

A 

A 

A 

A 

A 

A 

_ 


+ Precipitate 
- No precipitate 

A Excess antigens in supernatant 
a Excess antibodies in supernatant 
() Optimal ratio (fastest reacting mixture) 


The results of the supernatant examinations are shomi in the lower half of 
Table I. This portion of the table can be interpreted as a series of “neutraliza- 
tion point” determinations, as described by Culbertson,^ who showed that at 
this point “antigen and antibody combine in a constant ratio to rive the max 
imum precipitate obtainable from the antiserum.” The neutralizltion method 
gave verj* accurate end points except in the highly diluted anti-en and ant,' 
body mixtures m which supernatant examinations would be exnpcted r -i' 
because the tests for residue antigens and antibodies were made on innt 
already doubly diluted. As expected, these neutralization points lie in a 

line and calculation from any point in this line shows that 1 c c r 

«»■ -»■ tx. ot undiluted 
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soiTim contains siifticionl anlihodic.s to coin|il(-l<‘Iy pi'i'ciiiitatc l.G nifi. or ICflO 
H". of antificn. 

With seiTiin dilntc'd 1 rnO. (In* fastest jnvcijiitation. incasuriMlliy tiu; pliotroa- 
re/iocloinoter, occurml when an equal amount of a solution eonlainiiifr 0.032 iii". 
l)oly.saceharido per e.c. was added. In terms of final eoneeniralion, O.OIG ni?. of 
anti'ren Avas ojitinud Acitli 0.01 e.e. of .serum, indicatin': a'.:ain tliat tills .‘•■mim 
contained 3600 units of antiliodies jier e.e. 

In order to einpliasize the necessity of usin': tlie lea.st amount of prceipitahlc 
antigen as test material in the .serum dilution juticedure, the ef|uivalent antigen- 
antibody ratios, as determined by the neut ralizaf ion and optimal proportions 
mctiiod.s, are connected liy a heavy line in the upper iiortion of Table I. 


mscr.s.sioK 

Although the data jiri'senled in this jiaper were obtained with a jioly.sae- 
e.haride antigen, there is no reason for doubtinj: its ,Tp))lieali()n to the titration 
of other antigen-antibody .systems, (’romwell* used sheep hemoglobin and cry.s- 
talline egg albumin antigens in his e.xjieriments. and t/ulberl.soir did hi.s work 
with cry.stallinc egg albumin. At present we are using tliis method to delerinine 
the precipitin respon.se of rabbits to the in.ieetion of beef albumin,'’ and in other 
experiments, we have .shown that the galvanometer detleelions eau.sed by the 
precipitation of shee]) globulin and albumin are dependent entirely upon the 
antigen coneentration." 

All of the methods commonly advocated for the titration of preeipitiu.s re- 
quire the use of a .series of mixtures eontaining eonstant amounts of undiluted 
or weakly diluted serum and varying amounts of antigen. In such a constant 
antibody .series the various end i)oinls n.sod for estimating the jirocipitin con- 
tent can be classified as follows; (A) the higiie.sl dilution of antigen j'iclding 
a visible preeijiitate, (B) the dilution of antigen producing the greatest Aveight 
or volume of jirecipitatc, (C) tiic dilution of antigen producing the fa.stcst 
formation of a precipitate, (D) the highest dilution of antigen completely 
precipitating the antibodies as indicated by the absence of antigen and anti- 
body in the supernatant, and (15) the determination of antibody N in the 
preeijAitate at the equivalence jioint. 

iilethod A has been slioAvn to liaA'e no relation.shii) to the antibody content 
and need not be considered in spite of its eontinued use by .some obsciwers. 
Method B yields i-esults AA'liieh .sIioav .some i-elationship to the antibody content, 
but the method is not quantitatiA-c since the greatest Aveighf' and the greatest 
A-oliune" of the jirecipitate arc found in the I’egion of aTitigcJi excess. Jlethod C 
is an accurate method of titration if a ])hotoelee.tric method is used to record 
the reaction rates in the early pha.ses of the react ion. ■* As originallj* described b}' 
Dean and Webb,® the optimal proportions procedure lacked accuracy because 
these authors suggested that the optimal time for reading the reaction Avas at 
the time of beginning particulation. Since the photoelectric method is a special- 
ized procedure requiring the use of an c.\-pcnsiA’e apparatus, it is not recom- 
mended for routine use in the titration of pure antigen-aJitibody systems. This 
method lioAVCA’cr, is the only quantitatiA'c method AA'liieh is applicable to the titra- 
tion of precipitins in mixtures eontaining more than one antigen and more than 
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one antibody. ^letliod D i.s very .satisfactory tor tiio (iiiantitativc titration of 
precipitins in pure anti"on-antil)ody .systems but requires centrifugation and 
special care in selection of the ])rojior dose of antigen tor testing the .super- 
natants. ^lethod 15 is a highly specialized procedure requiring relativclj large 
amounts of scrum.’*' The data obtained by this method, lioAvever, have been of 
incalculable value in the advancement of knowledge concerning the chemical fac- 
tors involved in the precipitin reaction, because the antibody content of a serum 
can be exprc.ssed in terms of actual weight of antibody protein. 

The serum dilution piuccdure. de.seribed in this paper, has a distinct, ad- 
vantage in that the titration rcquii'cs only small amounts of senim; this .sug- 
gests that this method would be especially A'aluable in the measurement of resi- 
due antibodies in absorbed sera. It must be emphasized, however, that the 
seium dilution technique, like the microehemieal and neutralization procedures, 
cannot be applied to the titration of complex antigen-antibody systems. 


It is unfortunate that the popularity of the antigen dilution technique of 
titration has re.sultcd in its use by many investigators who often have drawn 
rather fai'-reaching conclusions from the data obtained by this method. This 
point can be illu.strated by examination of the data presented in a paper pub- 
lished by Wolfe,” which was selected for criticism only because of its recent 
publication in a leading inununologic .ioumal. This author concluded that 
chickens were excellent antibody producers, because high precipitin titei-s could 
he obtained frequently by a .single injection of a small amount of diluted antigen. 
Although this conclusion may he correct, it is not justified by the data which 
were obtained by the antigen dilution method. His results show that the sera 
contained sufficient antibodies to precipitate a minute amount of antigen but 
give no indication as to the degree of antibody response. The use of the antigen 
dilution method, hoAvever, does not explain the variations in. end points obtained 
by this author, and at least two explanations can be offered for these dis- 
crepancies. In the first place, since complex antigens (ho\ine, sheep, and buffalo 
serum) were used for immunization and testing, a inmiher of different specific 
antibodies could have been formed, each antibody being present in a different 
concentration. A second cavise for the variations may be in the use of the rather 
uncertain “ring test” method of setting up the reactions. The “nnderlayering” 
of 0.5 e.e. of an antigen solution -with 0.1 c.c. of serum is a rather difficult proce- 
dure and introduces the po<;si1nlities of error in the measurement of the serum 
and in obtaining a perfect layer between the antigen and antibody solutions 


The effect of using too concentrated antigen solutions in the serum dilution 
titration method can be illustrated by a paper published recently by De Gara 
and Bullowa.” These authors, in a study of antibody production in serum sick- 
ness, were able to demonstrate precipitins in only one-half of their cases and 
concluded that serum sickness can occur without the development of ohseiwable 
precipitins. Although this conclusion may he correct, it must be noted that their 
method was incapable of detecting precipitins unlaw a verv hish precipitin titer 
had been developed by the patient. Since these Avorkere used undiluted foreJm, 
sera as antigens, it i.s obvious tliat it would take a high concentration of anTi 
bodies to overcome the inhibiting effect of tbc.se concentrated anfi^en.s and to 


precipitate even a fraction of the precipitahle antisen. 
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SF.MJIAIfV AXI) cox(t-i;moxs 

A siniplifiecl soniin dilution jiroecdiiro is dcscrilK-d for the quanfiliitive 
titration of preripitins in a ])nrc antif!:en-nnliI>ody system. 

Tlio titration values olitainod by this inothod arc in complete ajjrreonicnt with 
the values obtained by the ''neutralization ])oint” and optimal proportions 
methods. 

The eomplete lack of relationship between the antibody content of a .sonim 
and the titration values obtained by the popular antijren dilution method of 
titration is diseu.ssed. 
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AN lALl’KOVEi) AIETHOl) OF STERNAL MARROW ASPIRATION* 


Jo.sKi’ii Litwi.x.s, M.T)., Nkw Yokk, N. Y. 


T ins commiiniealiou concerns a description of an imiirovoment in the tech- 
iiifiuc of sternal marrow luuicturc and aspiration. The improvement con- 
sists of the localization of definite landmarks and of the use of a two-way valve 
either incoijioratcd in the needle or as an adaiiter jiitjiehcd to the needles now 
in general use. 

The routine technique cmplo.ved in sternal marrow as])iralion consists m 
puncturing the sternum below the angle of Loui.s, using the .siqu-astornal notch 
as a raidlinc landmark. AVc have found that by placing tlie middle finger of 
the free hand on the angle of Lonis and the thumb and indc.x fingers on tlie 
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lateral borders of tbc sternum in tbc second interspace, unmistakable and im- 
movable landmarks arc obtained. The ]ninctnvc is then made below the middle 
finger and between the tluimb and index fingers. In infants, whex-e the puncture 
is performed in the mannbriiim, tbc middle finger is applied to the supra- 
sternal notch and the thumb and index fingcre along the lateral borders of the 
manubrium. 

The stcnial puncture needles now in use arc superior to the original one.s 
in that they arc shorter and permit a firmer grasp in the pcrfonnance of the 
procedure; this is of value particularly when the sternal plate is rather hard. 
In such patients with hard sternal plates, after the marrow is aspirated, it is 
difficult to remove the needle and syringe simultaneously without at times 
breaking the tip of the syringe or losing maiTOw matex*ial. It is to prevent such 
occurrences that this method, tlic use of a two-way valve, is described. This 
permits the removal of the syringe having the needle remain in situ until after 
filling the white cell pipette, and making smeax-s. The xxeedle is then removed. 



9 

Fig, 1. — ^Needles vised for sternal marrow asDiration. Actual size. 



V 


A, valve control; S. stllet. 


This may be accomplished by means of a two-way valve either as part of 
the needle, or as an adapter attachment. By means of the valve one may control 
the amount of marrow to be aspirated, since often too much marrow is sucked 
up, causing dilution of the marrow. Again in the so-called “drj*” tap espe- 
cially in aplastic and osteosclerotic marrow after suctioning and tuning off 
the valve, a small amount of material, sufficient to make one or two smear.; 
may he trapped in the needle. ' 

A three-way valve may be used for stenial transfusions, a procedure which 
uxay have to be resorted to rather often in wartime. 



AN OIUIAN IMvHKl-SION Pl'.MP® 


AVimjam Ki.KiNiM-.itc. Ai.itKHT S. (Iimoos, ani> Hahuv a. (.'iiAitiri>i:u. 

Ni:\v A't)itK, N. y. 


A t the ])resen( tinii! iiit-mtsiiifr imporfaiu'c is liciiitr attaclu'd to studies 
clealiniT witli circulatory piicnoniciia in isolated ortraiis. A detailed 
analysis of such j)rohlctns necessitates the use of a simple, easily ada|)ta1)le orfraii 



j.’itr j. (1) canniUn, (2) oriran chanibcr, (3) by-pasa. (1) outlet to 

compression chamber, (G) outlet to rubber bulb, (7) return tube, (S) pul 
(9) gravity valves, (10) reservoir. 


pressure pniiRC, (5) 
satins aultl column. 


perfusion pnmp. The a])])aratns to he described is a single unit., made of glass 
and designed for sterile ])rocedures. Tlic mechanism is relatively inexpensive 
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aiul wi'll iulai>1i'(l for iisr in small lahoratories. All ncfcssary adjnslniciils of 
syslolio. (liaslolic, and jnilsr jn-rssnro, jinlsc rain, c(c., ran bo made and rhaniicd 
ill will without intorniplinii the rontimious flow. 

Perfusion fluid flow is controlled by the action of two frround-gla.ss, gravity 
valves, under the inflnenee of a pulsating fluid column interposed between 
the valves. A by-pass stopcock allows any amount of the perfusion fluid and 
all air bubbles to be shunted and gives })reeise regulation of pre.ssures. If 
finer adjustment is desired, the stoi)cock can be grooved slightly so that the 
fluid will flow through the grooves when the cock is turned. The necessary 
elastic properties can be regulated by varying tlie amount of air in the com- 
pression chamber. A jiressurc gauge is connected to the outlet of this bulb. 
Filters (glass, silica, tflatinum mesh, etc.) can be inserted at any point in the 
return tube or at the bottom of the re.servoii’. 

The rate and amplitude of pulsations are regulated by the I'ate and degree 
of compression of a sturdy rubber bulb by any motor mechanism. We have, 
for example, adapted a sewing machine head to serve this purpose. The 
systolic pressure is related directly to the extent to which the nibber bulb is 
compressed. The diastolic pressure may be altered by clianging the diameter 
of the opening in the by-pass. Pulse pressure, therefore, can also be changed at 
will. 

The capacities of the different parts of the pump may be modified to saiit 
individual needs. ^Ve have found these to be satisfactoiy for our work : reseiwoir, 
300 C.C.; organ chamber, 400 c.c. ; and compression chamber, 50 c.c. 

The blood vessel of the organ to be studied is attached to a cannula and 
then by a short length of gum rubber tubing to the cannula of the organ cham- 
ber. The latter cannula can be filled preAiously with perfasion fluid bv closino- 
the stopcock and applying the drive mechanisms for a few strokes. 

The apparatus has been used successfully for studies on perfused endocrine 
organs, and these will be described in another paper. 



THE EFFECT OF F«EEZJN(} ON IHn’THROOVTES® 


Lloyd Flouio, B.A., JI.D., Dn. P. JT,, Maui:!, Stkwaiit, B.S., 
Edwakd B. JfuGKAOi:, M.A., 3I.D., Dknvi.k, Cor.o. 


INTRODUCTION 

T he staleinciil most commonly made hy aiilliorilic.s on liematolo'ry is llial 
freezing desti’oys {lie human eryfliiwyle. Since il seemed lo us {heo- 
retieally possible to preserve rod blood colls by (luick freezing, uc weic slinuilntcd 
to stud.v llie responses of the erylhrocyle fo Ibis iirocedure. 


rilNDAMKNTAIi CONSIDKKATION.S 


It is possible io freeze and llinw llio red blood cell uilli very little cellnlnr 
destruction. TJic speed of freezing and thawing and the concentration of certain 
sugars added to the blood arc fundamental in tbc jircservalion of the human 
erytlu-ocyte by freezing. 


TKCHNIQUi: 


jlfost of the results to bo reported were on the human erythrocyte. Blood 
was drawn aseptically and mixed with dry sodium citrate so that the final 
concentration of the anticoagulant in the blood was 0.5 per cent. The freezing 
mixture consisted of ethyl alcohol and .solid carbon dioxide wliich attains 
a temperature of approximately -75° C. Ono-hnlf c.c. of blood and 0.5 c.c. of 
20 per cent glucose were placed separately into an aluminum cup, 1 mm. in 
thiclcncss, which is about the size of a ivatcr glass. The blood and sugar 
solution Avas mixed just before the cup Avas partially immersed in the cold 
bath. The best results Avcrc obtained if the freezing time Avas betAveen 3.5 and 
5 seconds. We found 1.0 c.c. of mi.xcd blood and glucose the ideal amount of 
material to Avorlc Avith under the conditions of our experiment. ThaAving Avas 
accomplished by dipping the cup for 1.5 to 2 seconds in a Avatcr bath held at 
75° C. In order to study the blood OA'cr i)rolongcd jicriods of time, 1.0 c.c. 
amounts A\-ere frozen, thaAved, ajul jioolcd. The blood in the ])oolcd specimens 
Avas kept refrigerated at G° C. in sterile fla.sks. Tlicsc Avere alloAA'cd to reach 
room temperature during a one-hour period at the same time each day. The 
red cells Averc then counted and the hemoglobin determined. The same pipet 
and counting chamber Averc ahvays employed for each sample. Ilayem s 
diluting fluid AA’as used. The hemoglobin Avas determined by the Sahli technique 
on the supernatant fluid from a small siAceimen remoA’cd from the flask. The 
Sahli instrument had been standardized against the Van Slyke oxygen capacity 
method. In the initial hemoglobin determinations, the supernatant fluid con- 
tained so little hemoglobin that the usual Sahli technique could not be used. 
These initial estimates of hemoglobin Avere nrrivccl at by color comparisons Avith 
samples of the original blood Avhieh aa'os hemolyzed lo knoAvn concentrations 
of hemoglobin by the addition of distilled Avater. Fifty milligrams per eent 
of sulfathiazole Avas added to both the frozen and control specimens to help 
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maintain sterility althoujjh every attempt, was made to carry out the entire 
procedure ascpticalty. Certain studies carried out l)y us and several reports 
in the literature indicate tlval the addition of this small amount of sulfa drujr 
has no deleterious effect on the blood. 


RIYSUI.TS ON HUMAN lU.OOU 

As a result of this procedure 97 to 98 per cent initial preservation was* 
achieved in terms of hemoglobin remaining in the red blood cells and over 99 
per cent preservation in terms of cells not destroyed. This may indicate a 
certain amount of leakage of hemoglobin without destruction of the cell. The 
hemoglobin concentration in tlie cell was definitely le.ss than one would expect 
on the basis of cell count. Tins is illustrated in Chart I, which represents a 
tj-pieal pooled sample from 20 similar samples of frozen blood followed daily 
by red cell counts and hemoglobin determinations. The scales on the chart are 
constructed so that the cell count and the hemoglobin concentration are 
equivalent. 

CHIkPCT I 



O Z 4 0 /o yj; 4^ M 


Chart I — Pooled frozen and control specimens of human blood followed dailv bv red ht.. i 
cell count-s and hemoglobin determinations. ‘ ‘ uioon 


There was au initial fall in both the cell count and cell hemoglobin in the 
specimen that was frozen and thawed. After forty-eight hours this leveled off 
so that a moderately constant relationship was maintained in comparison with 
the control specimen, which differs only in not haA-ing been frozen. iOcroseopic 
study always revealed the presence of shadow cells or cells with a much 
reduced hemoglobin concentration. This was not found in the control ^ 


RESULTS ON OTHER BLOOD 


We have made a few studies on tlie blood of sheep, do"s 
initial results paralleled those found in human blood.' The' 


and rabbits. The 
deterioration was 
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nuicli more rjii)i(l. liowovc)'. ('spreiaily in msped If) licmo'jloljin Icaliaue, wliidi 
look place at an accclcralcd rate evcji in llie eonirol speeirneii. The aeeom- 
panyiiifr eharl.s illnstrafe these |>oinls. 

Ujilike the e.\'i)eriinents on linman hlofal, Jiowever, no atteinj)t has been 
made to work out tlie ideal leeluiifpie for freezintr and preservation of tiie 
different animal bloods. 'I'lie eoiiflitimis ffOind best for the pn'servation of 
buman red blood cells may not apply to any other blood. 

i’i(oi’i:nTii>; or ricf)/,i:\‘ m.oon 

Of tile many jiropi'rlies of blood we have compared only a few. The 
oxyuen-earryin^' eajiaeity was unimpaired. Previously frozen cells can be typed 
with the .same ea.se and aeeniaey as the unfrozen blood. 

Studies on the fragility of the veils revealed peculiarities that depend on the 
"lueo.se eoneeniration of the speeimen. The fra"ility decreases as the .suear 
coneentration inen'a.ses. even after tlie cells were lhoron"hly washed. .Snfiiec 
it to .say that the fra*rilily of the frozen aiul unfitizen cells was identical within 
0.02 per cent sodium chloride and sipuiificanl ly loW(>r than the .same lilood not 
jireviously mixfsl with "lucose. The whole subject of the fra'^ilily of red blood 
cells suspended in "luefise reipiires further elueitlalion. 

enmn CHfJsrc 




Chart II. — roolial frozen and control .‘i|iecliiiens of ilo),' blood followed dall.v by reil blood 
cell count.*! and heinoKlobln determination.*!. 

Chart III. — Pooled frozen and control .*;pecii)ieii.*< of rabbit blood followed daily by leil blood 
coll count.*! ami hemoKloblii deterniliiation.*:. 


OTMKIt TKCnNIQri*:.S KMPI.OVKI) 

j\Iany freezing and thawing technitiucs were tried but discarded, because 
the results were not as good as witJi the ])roeedurc wliieh has been described. 
The blood was sjirayed on solid carbon dioxide; small drops were frozen; 
copper and gla.ss instead of alnminum ve.s.sel.s were used. Blood was also 
frozen in the iee compartment of an cleelric refrigerator at -J2° C. While 
there Avas little hemolysis ivith this latter ])roeednre if thawed imniediatel.v 
after freezing, destruction of red blood cells took place comparatively rapidly 
if the blood was kept frozen any length of time. 
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To liunv, liic fi-ozoji niiilorijil was aflrlcd slowly to fluids of various compo- 
sitions kept at tompcvatuvos rauuu\!i between 40° (J, and o0° C. or allowed to 
melt at room temperature. This latter teehnifiue always resulted in complete 
hemolysis except in the case of the blood frozen iji the ice compartment. 

One mi"hl think that freezinir of the blood more rapidly, .say in one to two 
seconds, would "ivc better ])rosorvation. This was tried but the 7-e.sult.s were 
highly unsatisfactory. A mixture of acetone and solid carbon dioxide achieves 
this quieker fi'eezing. AVith this mixtin-c. the blood can be fi-ozen in l.o 
seconds. While the temperature of this mixture and our usual one of alcohol 
and carbon dioxide are the same, the difterence in freezing time can probably 
be explained by the insulating effect of the carbon dioxide bvrbblcs in the 
alcohol. This phenomenon of bubbling is not observed with the acetone-carbon 
dioxide mixture. Lirpiid air was also tried, but it is difficult to handle and 
the freezing time is about the same as with the alcohol-carbon dioxide mixture. 

If we mixed 20 per cent glucose and the blood in erpial amounts and 
allowed this mixture at least twenty-four houi’s to reach equilibrium before 
freezing, the results were never as good as whcji the blood and glucose were 
mixed within thirty seconds of freezing. 

The concentration of plasma does not seem to be a xntal factor in preserva- 
tion. Ecpially good results were obtained mth washed cells resuspended in 
glucose. 

A final concentration of gluco.se in the blood between 9 and 11 per cent 
gave good results, hlore or less sugar resulted in a larger cell destnietion on 
freezing, AYe routinely employed a 10 per cent final glucose concentration. 
Galactose, fructose, and sucrose gave less satisfactorx- results. 

AYhile several anticoagulants were quite satisfactoiy, we consistently used 
sodium citrate because it is cheap and ea.sy to make up in the desired concen- 
tration. 


STORAGE AXD DRYING IX THE FROZEN STATE 

Red blood cells frozen at -7.5° C. and stored at -12° C. for one hour in 
the ice compartment of an electric i-efrigerator invariably are completelv 
hemolyzed on rapid thawing. We have made some attempts to determine the 
critical temperature at which cells are destroyed. Our experiments sn^oest 
that temperatures higher than about -40° C. result in a hemolysis of the erjrihro- 
cytes. Storage of the blood in a frozen .state at the temperature of solid carbon 
dioxide indicated that there is no deterioration during the firsl three davs of 
storage. Technical difficulties have made the .studies over longer periods in- 
accurate, but the re.sults to date indicate a slow deterioration'^ in the frozen 
state from the third to the sixteenth day. 

Our few attempts to dry the cells from the frozen state on tlie ciwochem 
paratus always resulted in failure. While it is pos.sihle to pre.ser^-e the cril 
structure when the blood is converted back to a liquid, the cells were nractic^P. 
completely devoid of hemoglobin. They were also extremelv frarile Tnd 
care was used in mixing the solid rc.sidue and the fluid even thp ^«ii * 
was completelv destroved. ’ ™ structure 
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By eontrollin*^ llu* fiTOziiij; iiiul tlmwiii}: time iis well as the eoiieentralioii 
of glucose, it was possihli' to freeze lunuaii Mood with iiraetieally no destruction 
of tlic ci'ytIiroc}’tes. There seemed to lie some leakage of hemoglohin through 
tlic cell mcmlnane. This occurred mostly during the first two days following 
thawing. I'ooled specimens of hlood that were frozen and thawed deteriorated 
no more rapidly than the controls after the fiisl forty-eiuht hours. The same 
teehni<iues apidiisl to several animal ])l«toils hnv(* not heen as siicce.ssfal as 
with (lumau hlood. Tfi(' oxygen-carrying eaimcily and lla* ahiiity to (yjai (lie 
hlood were not altered hy freezing. The fragility of the frozen and unfrozen 
<‘ells was the same, h’l-agility wjis decreased in jiioportion to the ))er cent of 
glucose in the hlood, however. 

Cells frozen at -To® C. were hemolyzed if sloreil in the ice ehamher of an 
electric refrigerator. ^Ve have not found drying from the frozen state success- 
ful to date. AVhile it was possilile to pr<'serve etdl structure, the cells contained 
practically no hemoglohin. 


A STllAIN OK 


B.ACTBHir.M TVPllOimiM l.MllBrrBl) OX BISAIUTH 

.SCBFITK A(.i’AK® 


AfAUION B. ( 'OI.K.MAN, It.S., AmiaNV, X'. V. 


T he supcidority of hisnuith .sulfite agar’’-'-'' for the i.solation of Jitictvrinvi 
typliosum and salmourlhi from feces and urine is generally recognized. So 
much reliance is placed on this medium that the following experience is re- 
ported, not to de.stroy confidence in it, hut a.s an illustration of tiie importance 
of using more than one plating’ medium in any attempt to i.solate Bact. fi/p1wsum 
from feces. 

Cultures of Bad. tuphosuin were i.solated from fecal .si)oeimcn.s from two 
patient.s and a cairier in a limited outbreak of lyplioid fever in a I’ural com- 
munity in New York stale. The microorganism was I'.i’esenf in .small nuniher.s 
hut was found on bile .salts citrate agar media, hotli before and after enrich- 
menl in tctratliionate hrotli. No lyplioid bacilli wore isolated from bismuth 
sulfite agar streaked with the specimens or from that with tlie enrichment broth. 
No groAvth was usually visible Avith a low power lens (x20) after forty-four 
hours’ incubation of this medium inoculated Avith pure cultures. When groAvth 
occurred, the colonies Avere generally A-ej-y small and not t.A’jiieal of typhoid 
bacilli. Other strains of this .sijecics grcAV characteristically on the same lots of 
medium. 
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^VN AUTOAIOBILE POLLEN TRAP 


J.AMES A. ]\Lvnsmanx, M.D., Pitt-srurgh. Pa. 


T his is a preliminary report to introduce anotlier simple det-ice and new 
method for pollen slide exposure, namely, an automobile pollen trap. This 
trap has been in use since April 1, 1941; dailj" 24:-hour exposures have been made 
and compared tvith tlie results of our many gravity counts. Its counterpart 
is found in the similar types used in airplane e.xposnres by Stakman,^ Scheppe- 
grell,- and ilcier and Lindbergh.® C, E. Bari'ett^ in 1934 reported a few auto- 
mobile studies which he had made by exposing slides on the rear seat of his car, 
but he has not made any contributions since that time. 


A DESCRIPTION OP THE TR.VP 


The trap is a small, oblong, somewhat funnel-shaped box with two open 
ends and an inner slide shelf. It is principally made up of two parts: the 
outer part, a covering witli the ividest end or base attached to the windshield; 
and the inner part, the shelf upon which the slide rests. 

We made a cardboard model first, then placed this design on a thin sheet 
of aluminum to be cut out with a pair of tin cutters. The trap should be made 
from lightweight material so that it is not easily detached from the car when 
meeting strong winds. A thin sheet of aluminum about 20 by 8 inches is ideal 
and sufficient to make a trap. 

The length of the shelf should be such as to allow the 3 inches by 1 inch 
slide to rest easily upon it. The shelf is a keystone-shaped piece of aiuminum 
wth the edges on opposite sides folded one-haK inch fz-om the ends at ri»ht 
angles to fasten it to the trap at the proper slant. The entire device is fastened 
together \\-ith lightweight rivets, the ends of which can be turned in with a 
■ screwdriver. Wind vents are placed at the base to release the air as it rushes 
through the trap. Four rubber suction cups are used to attach the trap to the 
windshield. 


Since we have been using a convertible car, the irindshield is prefen-ed 
but until slight modifications the trap could be placed on the roof or elsewh^u ’ 
just as easily. One precaution should be taken on the mnrhhinlri t. 
Con^n «ate vcMek code. pcoMbi, apv o,..,,.,,., SS' 

P.eeelvca for publication, Xovember 0, 1012. ’ 
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and in tlioso slates a i)i.‘niiil ninsi lie uhlained for appliealitai lliereon. Tiie 
iniporlanee. of wliere llie trap is altaehed was hrnufilit out liy Slalvnian in liis 
airplane studies, when lie slinwed that fewer sjiores were eaufrlil in the tieoiyc 
trap when attaehed to the strut above the surface of the lower win<: Ilian when 
hold out of the eoek|ut by hand. 


/0?1 ItUHCS 



H’k inc-li' 

I'lf,'. 1. 



The rubber suction cups witli a small boll and nut fastened in t lie center 
anii a steel clip attached can be purcliased at a five-and-ten store. TJic clips are 
removed, but can be used to great advantage in anclioring the slide to 
The suction cups allow for easy removal, and tlic clip malce.s clianging ot 
slides simple. A one-lialf inch strip is also turned at right, angles at the base o i 
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CHEMICAL 


SPECTROPIIOTOM ETHIC DETEHMIKATICN OF EVANH' BLUE IN 

SERUM* 


0. IT. GArnt.Kit, Pir.D., M.D., IMioic. 


T he al)sorj)lioii siioctni of Evans' hlno and oxyliciiiofrloln'ij arc relafed in 
such a )nanner Hint tlio dye is readily delermined willi a si)cclroplioiomotor’ 
or pilot oelccl rid colorinielcr- in sera sliowinir vaiyinir dc'rrees of hemolysis. 
Constant turbidity introduces no error, but variable turbidity is rccofrnir.od 
as a .source of uncontrollable eri'ors.’ In hunian sera lienioly.sis is 7'are if the 
blood .samples arc protected with oil, and turliidity is not a common problem. 
But with do" sera these difficulties arc oncounten'd separatcl.v or together, 
imrticularly in cxiieriments which extend over a jieriod of six horn's or more 
and involve dejiarturcs from normal conditions. 

Re.sulls of a prceodinix study’’ made it i)o.s.siblc to choose conditions under 
which errors duo to hemolysis and turbidity can be corrected simultaneously. 
Correction for turbidity also permits use of O.S jier cent .sodium chloride 
solution in i>taee of dye-free serum as a blank in spectrojihotometric readings. 
This is advantageous when the dye is given eighteen hours before the experi- 
ment, as in “indirect” measurement of changes in idasma volume, and when 
the d.vc-frec serum is turbid while the dyed .sera are eleai'. In the following 
procedure one other change in the cu.stomary teehnifiue is introduced. The 
.sera arc diluted with an equal volume of .saline .solution bcfoi-e reading. This 
simplifies the calibration and reduces the amount of .scrum rcriuired. 

AI*1MK.\T17.S 

In the prc.scnf study a Beckman speclroj)hotomeler‘ crpiipped with four 
precision cells of 1 cm. depth was used. Readings in the. infrared were required 
to establish a basis for the simplified technique given below, which is within 
the range of other instruments. 

The cells of the Beckman insti'ument require o e.c. of .solution. For ad- 
mitting to (hem equal volumes of serum and 0.8 i)er cent sodium chloride 
.solution the author made a l.o e.c. 0.slwald-lyj)e j)ipelte from capillary tubing 
having an outside diameter of 7 jum. and a bore of 3.7 mm. The delivery tip of 
the pipette is 75 mm. long, tapers from 5 mm. to 3 mm. in outer diameter, and 
has a fine bore. Calibration with water shows that delivery is reproducible 
to 0.001 e.c, 

TKCHNIQUE 

As in previous methods, paraffin oil is used in the syringes and 15 x 85 
mm. specimen tubes to minimize liemolysis. The clotted specimens are centri- 
fuged thoroughly. Attachiiig a rubber tube to the pipette for suction enables 

~^rom the Department of Laboratories, Henrj- Ford Hospital. 
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one to hold the sjjccinicjis at tlio level of the eyes, so that scrum from small 
samples can be measured without waste or danger of including cells. "While 
the tip of the pipette ]msscs through the oil, a few bubbles of air should be 
blown through it. When the pipette has been filled, oil and seram are 
carefully wiped from the outside and the volume is adjusted. 

To 1 volume of each dyed .serum one adds 1 volume of 0.8 per cent 
sodium chloride solution. The extinction (optical density) of the diluted sera 
is then measured at 750 and 630 m/i. Either dye-free senim diluted in the 
same manner, or saline solution, may be used as a blank. 


CALIBR.VTIOXS 

Place 1 volume of the same dye-free serum into each of two cells. To 
the first cell add 1 volume of saline solution and mix. To the second cell add 
1 volume of solution containing 12 mg. of Evans’ blue and 8 6m. of sodium 
chloride per liter. Using the first cell as a blank, measure the extinction at 
750 and 630 m/i. To obtain the coefficients used in calculating Evans’ blue 
concentrations in mg. per liter of undiluted senun, divide the extinction read- 
ings by 12. The dilution i.s ignored, for dyed sera are diluted with saline to 
the same extent that the saline dye solution is diluted with serum. 

As a stock solution of the dye, the one recommended by Gibson and Evans 
is used. With freshly distilled water and 0.3 Gm. of the dye one prepares 100 
c.c. of solution. This is filtered through a sintered glass filter tube, sealed up 
in ampoules, and autoclaved. The same solution is used for intravenous injec- 
tion and for preparing the calibrating solution. 

The oxyhemoglobin calibration is carried out in the same way, by sub- 
stituting a saline solution of oxyhemoglobin for the dye solution. The exact 
concentration of oxyhemoglobin is immaterial, for only the ratio between 
optical densities at 750 and 630 m/n is needed. The oxyhemoglobin solution 
mentioned in Table I was prepared by diluting 2 c.c. of citrated blood of a 
normal dog to 100 c.c. with distilled water, adding 0.8 Gm. of sodium chloride 
after taking, then filtering through Whatman No. 42 paper. 

The turbidity correction is best determined rvith sera of the U^je to be 
encountered in the contemplated study. After diluting the sera -vrith equal 
volumes of saline, which is also used as the blank, one measures the extinction 
at 750 and 630 mji. and calculates the ratio between the two values. Somewhat 
more detailed data required in the present study are showm in Table II. The 
extinction of eight turbid unhemolyzed dog sera was determined as stated at 
five or more points between 1000 and 600 ntfi. The logarithms of the extinctions 
were plotted against the negative logarithms of the corresponding wave lenoths 
and the resulting straight lines^ were extrapolated to 577 m/i, where traces of 
oxThemoglobin interfere with direct measurement of turbiditv From these 
lines the extinction values shoum in Table II were taken. The sera are arran<^ed 
m decreasing order of turbidity as measured at 630 m/i. ° 


PRINCIPLES OF C.VLCCL.\TION 

The foUowing simultaneous equations present the -General 
ISIX”’”' ^ b, ^spect ”pho' 
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(^) 

a^x - 

■ I 'ey 
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(2) 


- ^';ty ■ 

■ eaZ K, 
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Oik; niriiMircs llio oxiinction. E|, K-j, inid K.-, of ii .solution of llir Him; 
sulisliiiifL's at lliiTo siiilalily si'lccled jioinf.s in llio s|)(‘c(nirn. Tlic coefTiaiont.s 
a, 1), and c aro dclorininod Iiy (•alihraliii!’' with cacli siihslanfc scparalrly at cnfli 
of tlic llireo jioints .sciccU'd. In tlu> ihtsciiI inslaiu'i* K, is nicasnml at Taf) jii/i, 
Iv, at G.'tO ni/t. and E- at oTT in/i. Let y «’qiial I lie- ('oncioitnition of Evans’ 
l)lup in ni}!. ])('!• litor of nndilntod .sonim, wliilo x and v. rcprf.scnt tin; oxylicino- 
•rloliin ooiHH’ntration and tnrliidity in any desired units. Hy ealilnation one 
finds tliat tlie absor[)tion of tlie dye at TaO ni/i is ncfrliirilile if tile instrument 
exflndes stray li<ilit and a eoneentration of 12 niir. of dye pern liter i.s' not 
frrcatly exeeoded. Tims bi is for onr pnrjiose.s zero. Fnrtliermore, one of tlie 
reasons for eboosiii'r the wave leiifrtb of TaO ni/j is that this makes tlie ratios 
n-j/iU and e:./ei nearly tlie .same. If tbe.se ratios were equal and were rep- 
resented liy k, equations 1 and 2 would yield tbe followiii" solution fo)‘ y when 
Ii] i.s zero. 
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In tbe present, ease tbe relationsbij) between the coefficients in equation 
S is such that this simplified .solution is sufficiently cori-cct. To demonstrate 
this, Ave substitute actual calibration values for the coefficients of x, y, and z m 
equations 1, 2, and 3. For ai, an, and a.-, avc substitute the last .set of ratios in 
Table I. For Ci, Cn, and ca u’c substitute tbe average ratios at the foot ol 
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Table II. For b,, h., aiul I).^ wc enter values found by calibraliri'r witli Evans’ 
blue in the manner deseribc'd, at TnO, ( 530 , and oTT in//. 


z = Et - . 11.3 


(5) 

( 6 ) 
(T) 
(S) 

(9) 

( 10 ) 


.113 X i .0000 y * 1.00 z = E, 

.193 X /■ .0389 y -f l.btj z = Iv- 

10.0 X .0280 y -r 1.98 z = E.-, 

Equation 5 

.Substitute (S) in (0) and (7) 

.017 X + .0389 y = Eo - 1.56 Ei 
9.776 X -t- .0280 y = E.-, - 1.98 Ej 

effieilW'"''' ‘donation 10 by 575 to obtain the .same co- 

mcient for x as in equation 9, and as a result the coefficients of other terms 
in equation 10 become almost negligible. The final solution is: 

.03885 y = Es - 1.5634 Ej - .00174 E, (ni 

Eo - 1.5634 E, 

^ " .03885 ~ ^3 (12) 

Equation 12 diifers from equation 4 principally in the pre.sence of an 
additional term. But if E. the extinction at 577, were 2.0, corrCspondL to 1 
pel cent transmittance, y, which represents mg. per liter of Evans’ blue in 

'« t'’- 1 per com ,f ,“e 

fbat f ''nine of ca/ci in equations 5 and 6 is 1 56 and 

In equation 12 these values have only been altered a f« 

P s per thou-sand. 'Whether one should use equation *4 or cam- f u 
ca ibrations at three points and derive equation l‘> is purelv n r ' 
whether the two procedures yield as nearly identical resets ihen 
0 apparatus and different experimental conditions are employed 

SOUKCE.S OF ERROR 

The least complicated detenninations, namelv, the calibratir.n« r. 

• ^?i( T'’ considered first. The same amount of the same semm 
in the blank and the sample under obserA-ation ; hence differenrps ' n 
and turbidity should not exist. Extinction rea^lin^s at iSZTZ T 
wgths show thot this cannot always be taken for c.-antS L t”?’' 
n the ntanner of pipetting or raising tnay pr„a„sc dMerenkf „ ta b' " 
ri the reading at 7o0 m/b is zero, the term kEj drops out nf 1 
exactness Arith which the extinction at 630 m, E 
constancy of the calibration factor b„ remain as 

It rs knorni that extinction measurements between 0 30 n'’ accuracy, 

ycprodncible with a number of instruments 1 ?^! ; ^’Cri' 

jngs AAdU be near the midpoint of this ran-e if the rnid'??? “method the read- 
brating solution contain 12 mg. of dvc pe^iufr the cali- 

ideal, and concentrations of 6 to 18 m« per liter ' is therefore 

The eonstaney of ,« was studied in »Je“eM y -«f«o.y-, 
be course of a week from each of four normal dnrrc”’^^ obtained in 

Three concentrations of the dye were determined irT the same diet 

data in Table III thus correspond to 48 the 16 . 


ata in Table III thus correspond to 48 recoveri&s"of^^^u 'ft 

terms of the observed extinction or optical rlpuc-t ^ reported i 

hue by ,hc couccuicaliou of dye luSedr J; ^7“^ •''= vafe i'„ 

tirst column would jield 
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1):;. ^Vifll tlie larfjc.sf eoiic«‘ii(nilion of dye oinployod llic moan ro.siill was 
nearly llic same for eaeli animal as for llie entire series, and the standard 
deviation of the series is otily l.o per eent of the mean. In tliese It! (h’tenaina- 
tion.s the tcciinif(ue was ineeisely as dese.riiusl above for ealiliralion with the dye. 

AVitli smaller eotieeiil rat ions two proeediires were used, Tlie data in the 
first two lines of Table 111 were obtained by iisino: the teelinique as dc.serihed. 
with the sintrle elianjre that the ealibratiti'r .solutions oontained o and 0 ins. 
of dye per liter instead of T2 m;j., the sodium ehloride eonteni beiiifr eoustant. 
In the seeond set of determinations, only the solution eontainiufr 12 ni?- of 
dye per liter wa.s added to .serum. The e.xtinetion haviii!.' been read, l.a 
of the .samjilc was transferred to the next eel) and mi.xed with l.h o.e. of a 
diluent con.si.stiim of equal ]»arts of the same .serum and .saline. The extinction 
was read, and dilution by the same method was repeated once more. Kepeated 
diluting and transferring cau.sed a very .slight increa.se in turbidity, detected 
at 750 lu/t, for which corrections of ,00.1 or le.ss were .subtracted. In contrast 
with the first .set, results with the lower concentrations of dye were quite 
con.stant, as indicated Ijy the standard deviation. In cither set tlie extinction 
was very nearly halved when the highest concentration was halved. In a study 
in which one uses a luunhcr of animals under similar conditions it is tlierefore 
.satisfactory a.s well as convenient to u.se an average of four or more calibrations 
with rcprescntiitivc sera of tlie group and with one rciirodueilile calibrating 
solution. AVhen pure solutions of the dye were examined, the extinction at the 
.same concentration and wave length wa.s about G per cent greater than in serum, 
and the specific extinction was iierfectly constant for different concentrations. 
If an instrument does not give the latter result with jiure .solutions, calibra- 
tions with various concentrations of the dye of coui-sc become, necessary. 

The accuracy of the correction for hemolysis and turbidif.v remains to be 
considered. This is a question of the constancy of k in equation 4. Considering 
hemolysis first, we find the nece.s.saiy data in Table I. Whether the extinction 
values at 750 mg are multiplied by 1.5 or 2.0, the error in predicting the values 
at 630 mp does not e.xceed .005. Ei is so small that variations in k are unim- 
portant, provided that one uses concentrations of the dye that give a relatively 

large value for Bj. 
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AYlien one dilutes tlie fillcrod oNvlicmoglobin solution prepared as directed for 
calibration, tlie ratio of extinctions at 574 and 620 ni/i, or 540 and 620 m/x, 
\Ylnch is reported as 40 ;1 in the literatvire,’* " progressively falls. This may he 
due in part to the difilculty of avoiding turbidity completely. In any event it 
introduces no error in the present method. An oxyhemoglobin solution ■which 
■was obviously turbid gave a value of only 15.2 : 1 for tlie above ratio, but the 
ratio between extinctions at 750 and 630 m/i was near the average of those in 
Table I. 

xV serious and incomplotoly uudonstood .source of error related to hemolysis 
in sera from actual exiicriments is that a homolyzed dyed serum not infre- 
quently gives a high value, quite out of line with those for preceding and 
following unheinolyzed dyed sera. This is time whether the present or previous 
methods of correction for hemolysis are used. Tlie maximum absorption of 
Evans’ blue is near that of methemoglobin and .sulf hemoglobin, and conversion 
of even a few per cent of the oxyhemoglobin in heniolyzed serum to these 
derivatives would introduce a large error. The difficulty is probably not due 
to teclmical erroi’s and may not be due to the above derivatives, but possible 
contact of the specimens with traces of oxidizing agents or hydi’ogen sulfide 
must be excluded. 


Tabix IV 

Values of k Foukd by Measukikg the Exiixcnox at 750 mu (E.) axd 630 m/x (E.) ix 
Sera Varyixg Frojc Extreme to Miximal Turbidity ' 


El 


k 

kE, 1 

E,— -kE, 1 



k 

kE. 

E, — ^kE, 

.347 

.530 

1.53 





2.00 

.060 

-.002 

.340 

.529 


.520 

+.009 

.029 

.060 


.058 

+.002 

.322 

.484 


.493 

-.009 

.029 

.051 


.058 

-.007 

.254 

.404 

1.60 

.406 

-.002 

.027 

.046 


.054 


.251 

.398 


.402 

-.004 

.026 

.049 


.032 

-.003 

.244 

.370 


.390 

-.020 

.024 

.043 


.048 

-nn.T 

.220 

.348 


.352 

-.004 

.020 

.041 


.040 

-i-.nm 

.201 

.325 


.322 

+.003 

.019 

.039 


.038 

4-.nm 

.144 

.233 


.230 

+.003 

.019 

.039 


.038 

oni 

.135 

.218 


.216 

+.002 

.016 

.034 


.03^> 

• 01)9 

.100 

.171 

1.75 

.175 

-.004 

.015 

.0.30 


.030 


.075 

.137 


.131 

+.006 

.015 

.030 


.030 


.058 

.105 


.102 

+.003 

.014 

.028 


.O'^S 


.058 

.100 


.102 

-.002 

.011 

.025 




.045 

.080 


.079 

+.001 

.011 

.026 




.035 

.060 


.061 

-.001 

.010 

.020 


.020 

'r.tjO-i 

.onn 






.008 

.020 


.016 

+.004 

Mean. 

error 



.0047 


— 



.0025 


■With reference to turbidity, two situations may be considered If the 
control serum and the dyed sera are clear or nearly so, 'the diluted control semm 
may be used as a blank. The extinction at 750 m^ will then often be ne^li<^ible 
but mil serve as an objective check, ilost of the sera in the ri<^lit half of Table 

IV could have been subjectively classified as excellent, vet'^thev differ ner 
siderably. ‘ ' '^nex con- 


If marked turbidity is present in several sera, or in the ee«tr^i 
the author prefers to make all readings with saline solution as the blank^'" Th"’ 

value of km equation 4 was therefore studied in detail and tlie re u 

m Table IV. Thirty-, bree sera fram daS Vert tiS T 

volumes of saline and tbe extinctions tvere measured at 150 
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■snliiio solution ;is the lilimk. Post pniiHlinl ii.s well ns posliihsorptivi! sera were 
included. All sera were of eourse dyc-fn‘c. Tlic Ki .sera in llie left half of 
Table 7V and some of the elear ones in the ri;,dit lialf came from specimens 
drawn and delivered under oil and contained very little oxyhemo'rlohin. Tiie 
.sera are arranged in de.scendintr order of turbidity and arc divided into classes 
Avith ujiper limits of O.OdO, 0.100, and 0.000 for the extinction at 750 iii/i, or 
E). The value of k which most nearly prediet.s E- within the.se cla.sscs is shown, 
and the mean of the errors in jurdiction, rejrardless of .siirn, is also •riven. By 
insiiection of the table, it will be noted that an error of ,00!). or apiiroximately 
twice the mean error for the turbid .sera, is only e.sccciled in 1 out of O'l sera. 
This error of .00!) eorresjtouds to 0.20 rii<r. of Evans' blue i>er liter of scrum in 
the present method, or about 2 jicr cent if the ideal concentration of 12 mj:. 
jier liter is employed. 

Evans’ blue is removed *iuanlilalively from ))ure solutions by prccipitaf- 
iufr calcium oxalate therein. The iire.smice of protein larfrely [irevcnts this, hut 
the use of .serum, as recommended in the orifrinal studies on this sub.fect, should 
be continued. Ojitical cells used repeatedly with dyed s<‘ra jiresently show 
extinction values as larire as 0.020 at t;20 ni/u Avhen tilled with saline after 
thorou'rh rinsin';, and should therefore be cleaiu'd with chromic acid or a 
detorRout between determinations. The extinction of the dye at 015 to 030 ni/i 
is not notabl.v altered b.v ehauRcs in ]>]! from .3,0 to S.O, but stronger alkali 
eJiauRcs the color. Bodium hydro.snifite destroys the color in alkaline and 
weakly acid solutions, an interim'diate red sta'.re beiuR noted in the latter. 


.SUMMAKY 


'roehnicpie for spectrophotometrie determination of Evans' blue (T'1S24) 
in .serum, with a single correction for both turbidity and hemolysis, is de- 
.sci'ilied, and sources of error are examined. 'When the concent i-alion of dye is 
12 mg, per liter and no correction for turbidity or hemolysis is needed, the 
probable error of individual determinations is 1 ]ier cent. AVhen the correction 
for hemolysis and turbidity is large, a total erroi- of 4 jier cent is po.ssible. 'i’o 
exclude it an adequate number of observations mu.st be made under uniform 
experimental conditions. Badl.v hemolyzed dyed sera not infrcfiuently .vield 
unreliable results suggesting the })re.sence of met hemoglobin. Any technical 
errors that could result in formation of this comjiound or .sulfhcmoglobin must 
be avoided. Advantages of the d.A'c over tho.so ])reviou.sly used are well-known; 
its principal di.sadvantagc is the rcadine.ss with Avhich it is adsorbed on gla.ss, 
calcium oxalate, and protein. 
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DENSITY FINDINDS WITH IIEI’ARIN IX BLOOD, PLASMA, 

AND SERLAP 


Alfkf.d L. Coi>m;v, I\l.D..f 


and Mary E. Whitnky, Kansas City, Kan. 


W HILE sludyiiis viscosities of iioiiarinizod blood wc' found a decrease in the 
density vitii heparin. This led ns to investisrate further the influence of 
heparin added in various units to lilood, plasma, and serum. 

The densities were determined hy pylcnometry, and calculated h^ the ef|ua- 
tion, Density = Weight . Two Nieol tube pyknometei-s with capacities of 1.2517 

Volume 1 -A 

c.c. and. 2.2S69 c.o. 'were used- Tlie l>loo(l Avas outniucu in clean dv^ oU c.c, 

syringes. Adequate accuracy to measure 0.3 c.c. quantities of liquid in que.stion 
was provided hy the use of precision Pyre.v pipettes, iMohr Mea.suring Tjqie, 
i\-ith capacities of 0.1 and 0.2 c.c. It was found c.ssential that the gla.s.sAvare em- 
ployed he rigorou-sly cleaned. 

Blood was taken from three human beings and diluted 9:1 with anti- 
coagulant solutions. Not lo.ss than 9 c.e. of blood were used for each dilution. 
Two, 5, 25, and 125 units of lieparin (110 Murray-Best units per milligram of 
the sodium salt) were contained per c.c. of the.se blood .systems. For controls, 
0.2 per cent sodium oxalate, 0.2 per cent potassium oxalate, and 0.3 per cent 
sodium citrate in equal volumes of blood dilution wei’c u.sed. One portion of 
each of the blood .systems was centrifuged at 3,000 revolutions per minute for 
twenty minutes, and the supernatant plasma was tested for density. All tests 
were run continuously within six hours following blood withdrawal. With 
increasing amounts of heparin, the density decreases in both blood and pla.sma, 
but not in linear proportion. Samples containing hepaiin .show lower density 
than the controls. Results are compiled in Table I. Similar results, as with 
•sodium oxalate, were obtained with potas.sium oxalate and sodium citrate. 

Serum from two human beings, three dogs, and one sheep was obtained 
six hours following blood withdrawal by centrifugation at 3,000 revolutions per 
minute for twenty minutes. Three-tenths c.e. solutions of 10, 50, 250, and 1,250 
units of heparin in di.stillcd water and, as conti-ol, 0.3 c.c. distilled water Avere 
added to 3 c.c. serum, and pyknometrj' Avas done A\-ithin three hours. In all in- 
stances the density Avas lowered AA'ith hepaiin. The decreases AA'ere more marked 
AAith higher heparin concentration, although they Avere neA'er directly propor- 
tional (Table II). 

Since Chargaff and Ol.son* found that protamine deionizes and flocculates 
lieparin, aa'c liaA-e determined the influence of A-arious amounts of heparin on the 
density of a 1.5 per cent protamine sulfatet solution in physiologic .saline 
FolloAAing centrifugation of the protamine solution at 1,500 reA'olutions per 
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minute for Ion minulos, heparin solutions wore iidrled to tlic decanted fluid. 
In cacdi case the density was dceroased I)y heparin. 

T.nir,!: I 
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Bi.oou 

AN'O Pf.ASMA 

.\T 27’ C. 




vr.u «'.r. or uix«n> ANTno.w.tn.ssT MiSTcr.r. 0 

-.1 

CASi; n.ni) 

TN’ITS oy UKVAltlS 
o n.- 

snmuM o.XA!..\Tr. 
125 0.2 I'ER CENT 

A Blood 

J.OdSP 

1.0.)S.S 

J.O.l.SO 

J.05.S1 

1.059.'; 

Plnsnm 

1.0290 

1.02.SS 

1.02.S1 

1.0279 

1.0291 

B Blood 

3.0519 

1.0510 

1.0517 

1.0510 

1.0555 

Plasma 

1.02-Jl 

1.0210 


1.02.'! ( 

1.0212 

C Blood 

I.OIS? 


3. 01 OS 


1.0195 

Plasma 

1.0227 

1.0221 



1.023.3 


» 

T.Mtl.K H 




iN'Ki.er.vcr. or V.tr.ioes 

Amoon'ts or 

Hrr.w.is' tiros' 

Density or 



Skp.c.m 

or DirrEpK.VT .‘^rrnrs 




t'.siT.s or iiKMRi; 

•• IN' 0.3 C.e. MSTII.t.rit WATER 

AimEi' 

SEr.u.M T.:.Mrr.n.sTur.,; 



TO .3 r.c. sj:RL’.\f 


c. 

tl 

10 

50 

250 

1250 

Human 1 2G 

1.02.”, 2 

1.0230 


1.022.S 

1.0224 

Human 11 27 

1.0217 

1.023S 

1.0237 


1. 02.31 

Dog I 27 

1.027-t 

1.0209 

3.0209 

1.0201 

1.0255 

Dog II 27 

1.020:! 

1.0201 

1.0200 

1.0259 


Dog ni 29 

1.0191 



1.0155 


Slicop 20 

1.0233 


1.0221 

1.0223 



SU.MMARy 

Heparin has a specific lowering aetioji iipon tlic density of the four systems 
of blood, plasma, scrum, and i)rotaminc sulfate solution. Increasing amounts 
of heparin decrease the density more markedly, but not in linear ])roporlion. 
Data arc not, as yet, sufficiently e.xtcnsive to draw any conclusions as to the 
mechanism of this action. 
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VI. A SniPLB AND ACCURATE :METnOD FOR QUiVNTITATIVE 
DETER]\IINATION OF BILE ACIDS AND SALTS IN BILE 


Le-steu JI. ■ jMonnisox, M.D., Piiieadeephia, Pa. 


TN 1940, in tiii.s .ionrnal, tlic author, in collaboration ■with W. A. Swalm, 
A gave a bi'icf, proliminaiy dc.scriplion of a .simple, stalagmometrie method 
for the quantitative determination of hile .salts in urine and hile.^ During 
the intervening j’eai’s, this procedure has been utilized i!i the author’.s laboratoiy 
as one of the routine laboraton* aids for the estimation of hepatic function in 
disea.ses involving the liver or biliary tract.-’ This experience in application 
of the procedure in the analysis of samples of bile obtained by intubation of 
the duodenum has indicated some possible sources of error and the need of 
amplifying the original description of the technique. 


APP^\JtA’rUS 

Fig. 1 illustrates the stalagmometer, which may be obtained from the 
Precision Thermometer and Instrument Co., of Philadelphia, Pa. It consists of 
a pipette to which is attached a capillary tube of 7.5 cm. in length and 0.106 
‘cm. in diameter. Graduations A and B on the pipette define a volume of 
13.2 c.c. Changes in surface tension are measured in terms of numbei-s of 
drops falling from the capillarj- outlet as the fluid contained in the pipette 
flows from graduations B to A. 

In order to prevent plugging of the capiUaiy tip with precipitated particles, 
the stalagmometer should be cleaned each day at the beginning and at the end 
of a series of analyses by dra-wing cleaning solution as high as the safety- 
bulb above graduation B. After draining off the cleaning solution, first water 
is drawn into the apparatus in a similar manner and then an alcohol-ether 
mixture. If, in this process of cleaning, water enters the needle valve, this 
should be dried first by an alcohol-ether mixture and then by a current of air 
Finally, the stalagmometer is dried by a current of air. 


CALIBRATION OF THE STALAGMOAIETER 

For a given volume of water or bile, different stalagmometers mar deliver 
varying numbers of drops. Hence, each stalagmometer should be calibrated 
order to determine corrections to be applied in calculation of results For 
this purpose, a stock solution is prepared containing 100 mo- of i t 

acid in 100 C.C. of 0.01 NaOH. Prom this stock sotatiom Srial d,l«L 
made up hj- adding each of the follon-ing alignots, idz. 1 0 2 0 3 0 4 n B n*' 

8.0 e.e. nater in 100 e.c. volumetric flasks. fhese^oluH;! a™ -^Uum”, 
approximately 98 e.c. To each of these solutions R X E, i , f 
added drop by drop with agitation until one drop,’ transferred^hv”^^'^ acid is 
stirring rod to a strip of filter paper saturated ivith tropeolin 00 ^ 

from yellow to pink. Mter acidification, all solutions are dn f ?? ^ 
Calibration of the stalagmometer should include first det 
i^rs of drops of distilled ivater falling from the etalStoterSr,,”* 
Received for publication, April 16, 1943. ^ 
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/lou' of llio ivalcr from flic iiDpcr fn (lie lower ^r;nliia(ioii. Uy ineaiis of (lie 
needle valve, tlie rale of fall of Ihe drops must lie adjusted to ‘.lO jier minute. 
'J’lien I'eadiu'^s are made of ear-Ii <d‘ (he diluted and acidified solutions of clinlie 
acid prejiared as deserihed aliov<“. 



Pijr. 1. 

Concent rat ioms of cliolic acid in water eorre.sponding to var.ving numbei-s 
of drops from one stalagmomctcr arc shown in Table I. A similar table 
may be prepared for the particular stalagmometer being calibrated, or the 
rcading.s may be corrected to conform with those in Table I. The procedure 
for determining corrections for a particular stalagmometer, A, is illustrated by 
the following example. 



MOKKIKON: MKTriOI) TOU DCTKKMIN'ATIOX Of IUM-; ACIDS AND SADTS loOo 


Before iiuiiiliei's of drops from stjiljisrmomeler A arc referred to Table I 
for calculations of results, the numbers of drops must be multiplied by 0.94. 

.KNATASaS or Sl’KCIMKNS OF HU.K OU lULF, FUACTIONS 

Ciiart T shows the rclationshi]i between decrease in surface tension of 
water, ns determined by the stalagmometer, and the concentration of cholic acid 
in solution. The maximum rate of rise of the curve lies within the range of 
concentrations from 2.0 to 0.2 mg. of cholic acid per 100 c.c. corresponding 
to stalagmometric readings from 157 to 190 drops. Within these levels, chang&s 
in concentration of cholic acid have greater effects upon the numbers of drops 
falling from the stalagmometer than do similar changes in other parts of the 
curve. In other words, this range represents the sen.sitivc part of the cuiwe. 
All readings should be maintained within the limits of 157 to 190 drops, as 
reported in Table I. 

(Ul.vUT 1 


coscESTR.wins or 

CHOLIC ACID IX WATER 
mg. per 300 C.C. 

nl’mbkr or imors 

rvMt A 

Xf-MBEK OF imOPS 
TABLE I 

DROP.S — T.ABLE I 

RATIO 

DROPS — rP.Oil A 

0 

150 

144 


2.0 

100 

357 


4.0 

192 

18.3 


6.0 

204 

192 



Avenige = 0.94 


An inspection of the bile fraction will suggest the proper range of dilution. 
Fluid specimens are diluted 10 or 25 times and viscid samples 50 to 100 or 
even 200 times. 

A measured amount of bile (0.5 to 2.5 c.c.) is diluted with water to about 
24 or 49 c.c. in a 25 or 50 c.c. gla.ss stoppei-ed volumetric cylinder. It is 
acidified with 6 N hydrochloric acid to the end point of the tropeolin 00 te.st 
paper using an outside drop test, and it is made up to the 25 or 50 c.c. voliune 
mark. 


Table I 

Table toe Cai.cclatios of Coscr.xTR.vnoxs of Choltc Acid From Staiagmoxietric Re.\din-g.s 


NUMBER 
OP DROPS 

0 

m 

2 

3 

4 

5 

0 

B 

8 

9 

140 




1.70 

0 

0.50 

O.SO 

SI^S 


2 30 

150 

1.40 

1.60 

1.80 

1.90 

1..95 

2.00 

05 


160 

2.15 

2.20 

2.25 

2.30 

2.35 

2.40 

2.45 

2.50 



170 

2.70 

2.80 

2.90 

3.00 

3.10 

3.20 

.3..30 

3.40 



ISO 

190 

.3.70 

5.20 

.3.80 

5.50 

.3.90 

5.80 

4.00 

0.20 

4.10 

0.00 

4.30 

0.90 

4.40 
7.30 ' 

4.60 

7.60 

4.80 

8.00 

5.00 

8.30 

Values in the 

table s> 

to mB. per 100 c. 

c. of cholic ackl. 






The stalagmometer i.s filled by aspiration and allowed to drip info a 10 
or 25 c.c. cylinder. The flow of drops is ad.in.sted to SO drop.s per minute nr 
less. The drops are coimted in the usual manner. l,nt a reading i.s taken wlmn 
the solution in the eylindor reaches a level of an even c.c mark a 
reading is taken when the solution reaches the next c.c. level Thn rn- . 
readings ropre.scnts the munher of drops in ] c e of soinfion i merence in 

u.™ ™. ,„e e,c. „ ,, 
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of rc.'ulin^K (100 lo 100 flroivs) ;tn<l I Ik; voliiino of tlio .stainpnioinetcr (13.2 c.c.) 
will indicate when tlie niinihcr of drop.s- itci- c.c. of the .solution will trive a 
total reading within the dc.sircd range. 


100 

13.2 


to 


IjW 

13.2 


is 12 to 14.4 drop.s per c.c. 


If the nunihor of drop.s jior c.c. is below the dc.sircd range, a fre.sh .solntion 
of higher concentration is prcjiarcd. 

If the mnnber of drop.s per c.c. j.s ahore the dc.sircd range, the .solution is 
diluted 1:1 witii adjustment of the ])!! to tiie .specified end point. If the 
reading indicated more than a 1 :1 dilution, it is advisable to jircparo a fro.sli 
solution. 

The stnlagmomefer is rinsed and filled with the new solution and the count- 
ing begun. If the jireliminary tc.st show.s the reading is within the desired 
i-angc, the stalagnioineter reading of the full volume i.s taken. 

As the solution in flic stalagmometer /lows out, the rate of /low dimini.slie.s 
to 20 drop.s a minute. It can bo readju.sled to 30 drop.s by a inanipuhition 
of the needle value without afi'ceting the rending. 


CAI.CUI..AT10S or KliSDI.T.S 

Stalagmoniotric readings for 2 or more dilutions of the bile, giving num- 
ber.s of drops within a range of 100 to 100, are i-eferred to a table prepared 
for that particular instrument; or readings corrected for the instrument, ns 
described above, arc referred to Table I. The concentration of cholic acid listed 
in the table corre.siionding to the reading is then multii)Iied by the dilution of 
the bile. 

For example, a samiilc of bile diluted 1:100 give.s, in duplicate determina- 
tions, 185 and 187 drojis. Tiic mean of 18C drojis in Table I indicates a con- 
centration of 4.4 mg. per 100 c.c. Hence, the concentration of bile salts as 
cholic acid in the bile fraction is 4.4 x 100 = 440 mg. jicr 100 c.c. 

Taiilc II 


SuMMAUY OP Kf.covki’.ikr OP Ciioi.to Aciit Annp.i) AS Dkroxyciiouc Acid, Giioi.ic Acid, oi: 
Brr.i: .Sai.t.s to Fn.icrio.v.s op Bilk 1>/:.m.ved Fco.m Bu.max .SrD.iKCT.s 


.soUKCi; OP 

CIIOUC ACID 
ADDED TO 
nii.E 

EANOi: op CON’CE.V- 
ITKATIOX OP ClIOWC 
ACID IN Dll.K 

MO. PEP. 100 C.C. 

CIIOUO ACID 
addi:d 

MO. DKIl 100 
C.C. 

SO. OF 

Mr.NTS 

AVKKAOK 
r.KCOVKUY I'Ka 
CKN’T OF APDKO 
CIIOUC ACID 

AVEUACK 

DEVIATION 

Cliolic Acid 

100 - i.as 
.100 - -ISO 

015 - noo 

25 - 110 

75 - 500 

240 - 900 

7 

0 

9 

104 

99 

105 



300 - 300 

570 - 700 


12 

7 

90 

97 


Bile Salts ! 

1 

103 - 107 

300 - 180 

015 - 990 

•17 - 100 
•42 - 500 

32 - 900 

3 

13 

IS 

104 

98 

100 

±3 

±5 

+4 

Averages 1 

75 

103 

±7.3 


PKOBAimi: ERROR OF TME JIETIIOl) 

The accuracy of the method has been detcriniiied by a series of 75 recovery 
experiments summarized in Table II. The cholic acid concentrations of sample 
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of bile drained from Iniman subjects were reinforced by the addition of eitber 
pure cholic acid, pure dcsoxycholic acid, or a commercial (Fairchild’s) prepare' 
tion of bile salts. Aiialysc.s of several samples of this commercial preparation 
of bile salts yielded an average of 34 per cent of cholic acid. 

Quantities of cholic acid added to the bile samples gave theoretical in- 
creases varying from apiiroximately 10 to 300 per cent above the original levels 
determined in these samples. Average recoveries of added cholic acid for the 
different levels of cholic acid concentration in the samples of bile varied from 
9S to 108 per cent. For the 75 analyses, the average recoveiy was 103 per 
cent with an average deviation of + 7 per cent. 

SUMMARY 

This report summarizes experiences over a period of three years with 
a simple, stalagoraetrie method for detennination of bile acid and salts in 
samples of bile drained by intubation of the duodenum. 

In the description of the technique, particular emphasis has been placed 
upon conditions of dilution and acidification of samples of bile, and the range 
of stalagraometric readings which have yielded most satisfactory results. 

A series of 75 experiments have given an average recoveiy of 103 ± 7.3 per 
cent of cholic acid, added either as cholic acid, desoxj'cholic acid, or a mixture of 
bile salts to samples of bile drained from human subjects. 
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THE SEPAEATE DETERMINATION OP THE PATTY ACID FRACTION 
AND OP THE NHIUTRAL FAT PLUS STEROL FRACTION IN FECES* 


J. C. Forbes, Ph.D., axd T. T. Atkix.sox, Jr., B.S., Richmoxd, Va. 

'’T'HE separate determination of fatty acids and of the neutral fat portion 
1 in feces theoretically offers valuable information as to the efficiency of 
fat digestion and absorption. Analytical procedures have been described by a 
number of investigators, e.g., Tidwell and Holt,^ Fowweather,= Holt Courtnev 
and Pales, => and Saxon,- but all the procedures are quite long and require con’ 
siderable mampulation. Several years ago a relatively simple method for the 
detemmation of neutral fat and cholesterol in animal tissue was described W 
Outhouse and Forbes.^ Since a simple method for tlie determination nf 
a^ee fatty acids should be of considerable value in clinical chemical 

•Prom the Department of BiochemlFtr>*, Mcfllcal . . 
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oratorie.s, it mtis doeidcd to dcloriiiino wJipthor this inctliod could he modified 
in order to nllou' the independent deferniinalion of the neutral fat fraction and 
fatty acids in a mixture of the two. After atlenii>tintr various procedures, a 
method was finally worked out and applied with satisfactory results to feeal 
analyses. No distinction is made hetween fatty acids ju-esent as soajis or as 
free fatty acids. Sterols are included in the neutral fat fraction. Bloor’s oxi- 
dative technique'’ with minor modifieations was used throufrhout. 

Dctcrmiiuition of Xfulral T'nl Phix Slrr/ih. — Ajiproximately 5 Om. of 
feces are air-dried, as recommended hy Tidwell and Ifolt,’ pround fhorouplil.v, 
and last traces of moisturi' removed in a desiccator. About 0.0 rim., accurately 
weiphed, is pround in a mortar with 5 fJm. of doueil,* an artificial ya-olite. and 
transferred quantitatively f<i a 125 c.<*. phi.ss-stoppered I’yi'ex hottle. Idd 
e.c. of chloroform are added, followed hy fl.,S {-.e. of 10 p(!r cent sodium 
hydroxide to jn'oeijutnfe tlie free fatty acids ns their .sodium soaps. The 
hottle is shaken well and set aside with occasional shakinp for several horn’s 
and prefer.ohly left overnipht. The chloroform solution is filtered throiiph a 
fat-free rapid filler imper, and 2 to 5 e.c., dependinp upon the apparent amount 
of fat present in the .sample, an* trajisferred to a 12,5 e.c. plass-stoppercd 
Pyre.x Erlenme.ver flask. The flask is jtlaeed in warm water, and the .solvent, 
is completely removed with the aid of a stream of air played uimn the .surface 
of the liquid. Five c.e. of a silver chromate .solution in sulfuric acid are 
added, and this is followed hy .3 c.e. of 1 N iiotassium dichromate. The fla.sk is 
stoppered loo.scly. the .solution pently mixed, and the fla.sk pul in an eleetrie. 
oven at fl5° C. The flaslts arc removed after ahouf five minutes, rotated to stir 
up the contents, stojipered tiphtly, and rc])laced in the oven for two horn’s. 
Control fla.sks usinp the .same amount of silvi'r chromate and pota.ssium diehrom- 
atc .solutions are run at the .same time. The stoiiiiors are removed immediately 
after the fla.sks are taken from the oven, and .shortly thereafter ai»proximatcly 
60 c.e. of cold distilled water arc added. Ton e.c. of 10 j»er cent 7 )ota.ssium 
iodide arc added without stirrinp, and the lii)ei’ated iodine is titrated witlioul 
delay with 0.1 N sodium thiosulfate, usinp 1 j)cr cent starch solution as indi- 
cator. A small- pranulc of .sodium hydroxide should he added to the jiola.ssiuni 
iodide solution to prevent deconqiosilion. The starch solution should not he 
added until the yellow color of the iodine has practically disappeared. The 
difference hetween the titration value of the control and unknown .solution is 
a measure of the lipids present in the unlmown sample taken for analysis. A 
value of 3.6 e.c. of 0.1 N sodium thiosulfate is taken as equivalent to 1 mp. of 
neutral fat. Sterols are extracted alonp with the neutral fat and appear in 
the calculations as neutral fat. Pho.spholi])id.s do not interfere as they are 
removed hy the doueil. 

SPECIAI, KKAC.KNTS lincjUnJKD 

Silver CliTO'mafc Ecagent. — To 5 6m. of silver nitrate dissolved in 25 c.e. 
of water arc added 5 Gm. of pota.ssium dicliromato di.ssolved in 50 c.c. of 
water. The precipitated silver dichromate is .separated hy centrifugation, 
washed twice Avith Avatcr hy centrifugation, and then dissolved without drying 
in 500 c.c. of pure concentrated sulfuric acid. 

^1,0 tloucll wn.s obtained from A’i^ A. Taylor and Coini.any. Baltimore. Mar.vland. 
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■Sorfnnii Tliinxulfdir Sinndiird (0.1 N) Solnfinn. — WciRli out 25 Gm. of 
ordinary C.P. sodium thiosulfate or 24.83 Gni. of tlie pure dry roerystallized 
salt. Dissolve in water and dilute to a liter. Doiled distilled water inu.st he 
used. Tills solution is standardized against acid iiotassiuin iodate. Weigh 
accurately 0.3249 Gm. of acid potassium iodate. Dissolve in 50 c.c. of rvater, 
heating gently if necessary. Transfer the solution to a 100 c.c. fla.sk, rinsing 
the heaker carefully, and dilute to volume with water. This solution is exactly 
deeinorinal. Pipette 25 c.c. into an Erlcnmeyer fla.sk, add 1 gram of potas- 
sium iodide dissolved in a little water and a few cubic centimeters of dilute 
hydrochloric acid. Titrate immediately with the thiosulfate .solution, using 
starch as indicator. 

Detenninaiion of Soaps Pins Free Fatty Acids . — A weighed amount, 0.1 
to 0.2 Gm., of the thoroughly ground sample is transferred to a 125 c.c. Pyrex 
glass-stoppered bottle and 4 c.c. of 1:4 sulfuric acid added (1 vol. of sulfiu’ic 
acid plus 3 vols. of water). The hottle is wanned gently on a hot plate so as 
to convert all soaps to free fatty acids. This heating should be continued until 
the solution is close to the boiling point and considerable water has condensed 
on the sides. The flask is allowed to cool and 5 Gm. of doucil added. After 
mixing, 100 c.c. of chloroform are added, and the bottle is shaken thoroughly 
then is set aside with occasional shaking for several hours, and preferably is 
left overnight. The chloroform solution is filtered through a fat-free rapid 
filter paper, 2 to 5 c.c. of the filtrate are evaporated to drj-ness in an oxidation 
flask, and the total lipid content is determined by the oxidation mkhod already 
described. Since the oxidation value of the fatty acids approximates that of 
the corresponding fat, 3.6 c.c. of 0.1 N sodium thiosulfate has been taken as 
equivalent to 1 mg. of lipid material, Avhether present as neutral fat or fattv 
acids. The difference between the lipid content per 100 Gm. as determined 
above and that obtained for the neutral fat portion gives the fatty acids pres- 
ent as soaps or as free fatty acids. 


T.\bi,e I 


Recovery or Neutral F.at axd Free F.wty Acros From Mixed Solutions 


experi- 

ment 

number 


LIPIDS PRESENT 


I.1P1D.S REC0I-ERED~ 


.1391 

2 .1451 

3 .0955 

4 .10S6 

5 .lose 

e .1829 

T .1531 

S .1147 

9 .2109 

Total 1.2585 


.0814 

.1006 

.0538 

.0584 

.0584 

.0773 

.0758 

.0517 

.1207 


NEUTP.AL PAT F.VTTY ACID 

OBTAINED CORRECTED OBTAINED CORRECTED 
gm. gm. cm. 


.5804 


.0614 

.0470 

.0409 

.0520 

.0544 

.1130 

.0812 

.0622 

.0992 


.6781 I 1.2341 .6113 


Per cent errorj -l.l 


.0594 
.0450 
.0.389 
.0500 
.0524 
.1110 
.0792 
.0642 
.097 2 
.597 


~5.3 


.6228 


.0764 

.0913 

.0563 

.0568 

.0551 

.0702 

.0689 

.0538 

.1128 

.6408 


Before applying the method to fecal analvses it wiq 
mine the recovery from known solutions of fat and fattv iriA to deter- 
ments a weighed amount of recrystallized trimlmltm ' i \ experi- 

solved in 200 CO, „t cldovotom. \appvcSJ;S S" oTl 

ferred to a 12o c.o. glass-stoppcred bottle containino 5 e Irans- 

= O tmi. of doucil, after ivhich 




TIIK .lOlHJNAL or LAI!OI!ATOItV AND CI.INICAI, MKDICINi; 


0.8 c.c. of JO per oont .‘•■odium liydroxido wa.s nddcd .*md tho solution tljoroiijrhly 
shaken. The. romaindor was (raii.sforml to a similar hottle (‘ontainin^f .0 Oai. 
of doucil i>lus 4 e.c. of 1 ;4 sulfuric acid. Holh lahlles were titorouRldy shaken 
and allowed to stand with occasional .sliakin'' for .several horn's, and u.sually left 
overnight. They were then filfeia'd and annlyze<1 as ]ii-eviously de.seriliKl, and 
the amount pre.sent in the original 200 e.e. of .sohilion was calculated. Tn the 
calculations .1.00 c.c. of 0.1 N .sodium thiosulfate have heen taken as cfiuivaleiit 
to 3 nifr. of tripalmilin and 0.01! e.e. for 1 rntr. of stearic acid. The e.xperi- 
mental results are .shown in Tahle 1. The values for netitral fat are on the 
averafic aiono.ximately o jhm- cent too hifrli. This is due }>rimarily to a .slight 
solution of the fatty acids in the ehhiroform. even in the alkaline meditini. 
Experiments with pure stearic acid under tlu' condition used showed an aver- 
age solubility of aj»proximatcly 3 mi:, per 100 c.c. of chloroform. If correc- 
tions are made for this .solubility, the per cent recovery is ipiite .satisfactory. 
In the usual fecal analysis an error of this mafrnitude can he ncirlected. Tlii.s 
has heen done in obtainin': the experimental results recorded in Table II. 


Tajiu-. 11 

I.ii'ia .Ak.u.ysis or t-'rcr.s 


EXI'EIUMr^ST 

NV.MUEi: 

NEtTKAI, r.\T Puts 
STi:i:')i.s 

KATTV A<*U»S ri.T'K 

HOAl’S 


I’or cent 

Per cent 

1 

c •> 

Hi.9 

It 

<».ri 

S.2 

• 1 
• 1 

10.(1 


4 

7.5 

9..'! 

iJ 

G.7 

10.9 

0 

8.7 

7,1 

7 

$.0 

8,9 


.\n vnluc.? nrc elvoii In i><t C'nt dr.v wolclit. 


Experiments with ealcium stearate followin': the procedure de.scribed for soaps 
and free fatty acids i:ave .satisfactory recovery of the stearic acid. The analyt- 
ical results obtained on normal feces and recorded in Table II ai’c in frood 
afrreement with the commonly accepted normal A'alue.s. Althoufrh approxi- 
mately 0.3 Oni. is very suitable for normal fcees, the .sample should be reduced 
to about half this value if the fat, content, is apparently In':!!. 

SU.Ar.AIARY 

A relatively simple method for the determination in feces of neutral fat 
plus sterols, free fatty acids, and .soaj)s is described. 
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A SLMPLE AND ACCURATE :^rETIIOD FOR THE DETERAIINATION 
OF JIERCURY IN BIOLOGIC AIATERTAL*^ 


Thomas H. AIarex, A.B., Neav Brunswick, N. J . 


T he use of dithizouc as a colorimetric reagent for mercuiy is due to Fischer 
and Leopoldi,^ and Fischer," and has recently been adapted to use in biologic 
materials by Laug and Nelson.^ 

The colorimetric method is accurate enough to supplant tedious older 
methods, which depend upon electrolysis or amalgamation of the metallic ele- 
ment for its ultimate determination, or upon titration methods invoUang iodide 
or thiocyanate. The present method has the advantage of extreme simplicity, 
speed, and a broad range. A single analysis should not take longer than fi've 
minutes, after digestion of organic material is completed. 


DISCUSSION 


The investigators cited above have regarded copper as an interfering 
element. They separated copper from mercury at pH 1 by the use of Kl, 
KBr, or NaoSoOa. Finally, the mercurj' dithizonate is formed at pH 6. Both 
of these steps are eliminated in the present method. The number of operat- 
tions in the procedure are thereby considerably reduced. Formation of the 
mercurj' dithizonate at pH 1 further eliminates the problem of maintaining 
lead free reagents and apparatus. At pH 6 dithizone is extremely sensitive to 
lead, and in the earlier methods special consideration of this was required. 

We have found that copper need not interfere, if the proper conditions of 
pH are maintained. In acid solution, dithizone reacts with gold, palladium, 
platinum, mercury, silver, copper, and bismuth. The latter do not, however, 
react at pH 0 to 1.0. In 50 c.c. 0.25 N HCl, 1,000 mg. of copper does not 
change the color of dithizone reagent. Silver does not react in the presence 
of excess halogens. jMercurj' and the noble metals alone, therefore, react with 
dithizone under these conditions, and the latter will rarely interfere with 
analysis of biologic materials. The yellow color of the dithizone-mercuiy- com- 
plex may then be regarded as specific in the presence of 0.25 N HCl and in 
the absence of the noble metals. The presence of 5 to 7 c.c. sulfuric acid (from 
the organic digestion) brings the pH to 0.2 and does not alter the above con- 
siderations in any way. 


Fig. 1 shows that at 490 m/x. conditions are proper for a “mixed color” 
determination of mercury with a spectrophotometer. Here the green dithizone 
solution transmits rather freely, and the yellow mercury complex'has its absom 
tion maximum. Solutions to he measured will range from green throu<^h li^t 
green and dark yellow to light yellow. • The standard or unknown is m'easu^ed 
against the dithizone solution. Beer’s law is obeyed; the optical densitv has 
a linear relation to the concentration of mercury. 

In the digestion of organs and urine, it was not found necessarv fn . 

a water-cooled condenser to the digestion flask. A mixture of equal lei-hts S 
s^c and nitric acids was used. It was found that the digestion proceed 

•From the Wallace Laboratorie,*. Inc- 
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sinoollily if nboiit tlireo tiiiios ;i.s iinicli iiiixiH] .'ic-itl ns orjiniiin innforial is used. 
Occn.sionnl clinrriiitr may oi'eiif; llio nddifioii of small .siipplomciifary .'mioimls 
of iiili'ii! acid will obviato tliis. Tlie di{;(>.stioii is carried mif in a miero- 
Kj(?]dalil llask will) frround irlnss joiiil. T])c di.m'slion may pi-occcd with an 
aii'-eooled coiiden.ser Jvilhci' I ban under reflux. We have found dial eliminatinii 
of the Avafci’-coolcd condon.ser considerably decreases Ibe lime of diircslion and 
no loss of meix'uiy is involved. 'I'able I shows j-eco\-ery of mercury using Hie 
method described below. 'J’ablo If .show.s' noninlei'ference of cojijier over a 
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700 


Fjfr. I.— 1. Ar< ioiin.’-<iitiiizoin' coiiiei'-x (<;ncii .•■■oiutioii). e. Ditiuioiu' (in CHCIO. 
(KciiOlns." from f.’olcimin .■!i»'<'tro|)hotoin<>t<-r. .Sulullons .u|i:il<i'n wltli X’ HO) In .'ill 
cason.) 
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L Sulfuric Acid. Anal.vtical Reagent. 

2. Nitric Acid. Aiuilytical Reagent. An erpial weight mixiui'e of 1 and 
2 was used as the stock digestion solution. 

3. JTydroxylainine hydrochloride chemically puie. A 20 ])cr cent arpicous 
.solution is u.sed to destroy an.v e.xce.ss nitidc acid. 

4. 0.25 N nCl. F)'om ehemie:illy juiro JICl. 

5. Dithizone .solution. 10 mg. dithizono (Ea.stman) dis-solved in 1 liter of 
chloroform. Thi.s is a light, green .solution. (Transinksion curve .shown in line 
2 of Fig. 1.) 10 c.c. ivil) be cntii'el.v convei'ted to the metal salt by 25 inici'o- 
granis of mei’cury. The re.sulling .vellow .solution is jilotted in line 3 of Fig. 1. 


PROCEDUUK 

To about 5 Gm. of organic inalci-ial add 10 to .15 c.c. of acid digestion mi.x- 
ture in a long-necked lyieldahl fla.sk, to wJiicli is filled (using a glass .I'oint) an 
air condenser about IS to 20 inelies long. Digest ioji begins spontaneously. 
After ten minutes apply a gentle flame, and ino'ease flic boat gi-adnally until 
the full flame of the burner is used. After an iiour tbe nitric acid fumes 
disappear and the digestion is finished. _ 

The ash solution is cooled and poured into a separatory funnel contammg 
25 c.c. of .25 N HCl and 2 c.c. of 20 per coit iiydi'o.xylamino hydrociiloridc. 
Add 10 c.c. of dithizone reagent solution, shake 50 times, and collect the CliLls 
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SUBSTANCK 


AMOUNT 


MICUOORAMS XVPI: or CONDENSUr. 

itr. akkeh 


Babbit blood 

1 c.c. 

10 

Babbit blood 

0 c.c. 

10 

Rabbit blood 

1 c.c. 

10 

Babbit blood 

1 c.c. 

10 

Guinea pig liver 
Guinea pig liver 

4 Gm. 

.8 Gm. 

10 

0 

Human urine 


20 

Human urine 

20 c.c. 

20 

T.lBl.E II 


Water-cooled 

Water-cooled 

Air-cooled 

Air-cooled 

Air-cooled 

Air-cooled 

Air-cooled 

Air-cooled 


MICROOBAMS 
no FOUND 
f r.ECOVEP.A') 

9^8 

9.9 
9.S 
9.r 

10.0 

4.9 
20.2 
20.0 


SUBSTANCE 

.VMOUKT 

MICr.OGHAMS 
HG ADDED 

MlCnOGHAMS 
ca. ADDED 

TYPE OF 
COXDEXSER 

MICROGRAMS 
IIG FOUXD 
( RECOVERY) 

Babbit blood 

5 c.c. 

5 

0 

Air-cooled 

4.9 

Rabbit blood 

5 c.c. 

5 

5 

Air-cooled 

5.0 

Rabbit blood 

5 c.c. 

5 

15 

Air-cooled 

5.0 

Human urine 

5 c.c. 

5 

50 

Air-cooled 

4.8 

Human urine 

5 c.c. 

5 

100 

Air-cooled 

4.9 

Babbit blood 

5 c.c. 

5 

100 

Air-cooled 

5.1 


layer. The mercuiy dithizone thus formed is very sensitive to liglit and should 
not he exposed to bright sunlight. The extract is measured with the spectro- 
photometer against dithizone at 490 mfx, and the reading is compared with that 
on a standard curve. 

This calibration curve, conforming to Beer’s law, sets optical density again.st 
concentration of mercuiy. The standards may be prepared by adding knoivn 
amounts of mercury (not exceeding 25 mg.) to 25 c.c. of 0.25 N HCl, and 
extracting, as above, with 10 c.c. dithizone. The optical density of the extract is 
measured against that of dithizone solution at 490 m/i. We have not found it 
necessary to include the other reagents used in the digestion in this standardiza- 
tion. They have no effect on the final color. Twenty-five milligrams of mercurj* 
will convert all the dithizone to the yellow mercury complex. Larger amounts 
therefore must be determined by taking aliquot samples of the unknown after 
digestion. 

An alternate procedure, which is accurate enough for general biologic 
work, may be employed in the absence of a spectrophotometer. In this method 
the mercury is titrated with dithizone solution. For the concenti-ation of dithi- 
zone used, 1 c.c. of the solution is equivalent to 2.5 mg. of mercury. Small 
portions of dithizone are added to the funnel, which contains, as above, the 
mercury sample 0.25 N HCl and hydroxylamine hydrochloride. The end point 
is reached when the dithizone in the funnel is olive green, indicatins sliuht 
excess of unreacted reagent. The number of micrograms of mercuiy in the 
sample is equal to the cubic centimeters of dithizone solution x 2.5. It is 
advisable, however, to standardize the dithizone solution by actual titration 
against a known amount of mercury. 

The titration method is also useful when over 25 mg. of mercuiy are present 
In this case the spectrophotometer cannot lie used, for 10 e.c.' of dithizone 
reagent is completely converted to the mercuiy .salt, and a “mixed color” 
determination is impossible. Succe.ssivc additions of dithizone liowever will 
yield the green and point color. The total amount of dithizone added wil/ ihon 
be a measure of the mercury present. im-n 
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fiU.MMAIty 

A rapid, scnsilivo, coioriinofric imdhmi for analysis of mercury, particularly 
in biologic inali'rials, has been i>r(‘sen<ed. Ditliizonc in ClfCls reacts with 
mercury at plf 1 (only gold ]ialladium and platimun Avould interfere) to form 
a yellow complex which may he analyzed by the “mixed color method” in the 
spectrophotometer, or may l)e used as the basis for direct titration of the 
mercury. 
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DETEinilNATIOX OF DIODIJAST-IODINE IX UKIXIC AXD IX 
FlIvTHATES OF PLAis^IA* 


A. C. ConcoitAN, M.ll., .\nd Tnvi.vi; IT. Pagi;, ^I.D. 
Indianapoi.i.s, Ind. 


T he accurate determination of diodra.st-iodine has become widely practiced 
in the determination of diodra.st clearance and of functioning tubular sccre- 
toiy mas.s (Smitli, Goldring, and Cliasis,’). Tlie following simple procedure hn.s 
proved very satisfactory in daily use during the jiast two years. The method 
was orginally dcvolo]ied from Aljiert'.s j)rocedure- ns a titrimetric iiroccdurc in 
which diodra-sbiodinc was determined as iodatc by thiosulfate titration. TJie 
colorimetric procedure used by Flox. Pitesky, and Alving-'' was then applied to 
it without modifying other aspcct.s of our met hod. f 

Principle . — “Dujionol ]’C”| is used to stabilize recovery of diodrast from 
plasma filtrates, Diodrast-iodinc is oxidized by treatment with bromine ivatcr 
in acid solution. The excess of bromine is removed by addition of .sodium 
formate, and the iodatc iodine (Flox, Pite.sky, and Alving, 1942) content is 
determined photoeoloi’imctricallj'. 

Preparation of Peagenia. — 1. Acid ZnSO.i with Duponol PC. 27 Gm. 
ZnSOi and 30 c.c. of approximately 1 X IT.JSO4 are made up to about 1 liter 
•with water. One gram of Duponol PC is added and put in .solution Avith 
the least possible .slinking. Ten c.c. of the mixture in about threefold dilution 
aro titrated Avith 0.15 N' NaOII, using phcnolphthalein ns indicator. The pink 
color of the end point should persist for one minute. From the A-alue obtained 
in the titration, the acid ZnSO^ .solution is diluted until 10 c.c. of it exactly 
neutralizes 11.2 c.c. of 0.15 N. NaOTI. 

2. 0.15 N NaOH. The solution is prepared b}' dilution of “carbonate-free” 
XaOH in recently boiled distilled Avater. It is protected from atmospheric CO2 
by a soda-lime trap. Plasma filtrates prepared as directed bcloAv should be of 
pH 6.7 to 6.8. The recoA^ery of diodrast from plasma becomes less eompletc as 

' ^rom the nniy Laborntorj' for Clinical Kcscarcli. rndianapolls City Hospital. 

fDctalls of tliis procedure were furnished us heforo its puhllcatlon tliroueh the v 

I. Du Pont and Company.- AAMImlng^ton, Del. 
rtccelv'cd for publication, May 31. 1013. 
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the pH range G.O to 6.2 is reaclicd, while the plasma “blank” incroase.s rapidly 
about pH 6.S. The accuracy of prepai'alion of reagents should therefore be 
checked by the determination of pH in plasma filtrate before the .solutions ai'c 
placed in u.se. The addition of Duponol PC increased the pH range over Avhich 
recovery of diodvast-iodine from pla.sma is possible and permits full recovery at 
plasma dilutions of le.ss than 1 :15. 

3. Bromine Avatcr. An excess of liquid bromine is added to 500 c.c. of 
distilled water. The mixture is .stored in the refrigerator, water and bromine 
being repleni.shed as required. 

4. Sodium formate. 10 Gm. of reagent grade sodium fonnate are dissolved 
in 100 c.c. of water. The solution is kept in the refrigerator and made freshly 
each week. 

5. Alkaline KI. 50 Gm. of KI, reagent grade, are dissolved in approxi- 
mately 100 c.c. of 0.01 N NaOH. The solution is protected from light by storage 
in an amber di'opping bottle. 

PROCEDURE 


1. Precipitation of plasma proteins: A modification of the Somogjd zinc 
precipitation is used. To one volume of heparinized plasma are added five 
A’olumes of acid ZnSOi Avith Duponol. The mixture is alloAved to stand for 
about thirty minutes. Ph'e vokunes of 0.15 N NaOH are then added dropAvise 
■with constant agitation. The mixture is filtered at once through a No. 1 'What- 
man paper without prior centrifugation. 

Because of the high dilutions (1:1000) used, comparable precipitation of 
protein from urine samples is unnecessarj’ except in the presence of gross 
proteinuria or hematuria. In such cases, 0.5 c.c. each of the ZnS 04 and NaoH 
solutions are added to the 1 or 2 c.c. samples of urine in a volumetric flask, the 
mixture then made up to volume AA-ith water and a .sufficient amount filtered. 

2. Oxidation of Diodrast-Iodine to lodate: 0.2 c.c. of 85 per cent HSPOi 
is added to 10 c.c. of plasma filtrate or diluted urine in a colorimeter absorption 
tube. One c.c. of bromine water is added and the mixture shaken imtil homog- 
enous. The tube is then placed in a boiling Avater bath for three minutes, 
Avhen it is rapidly cooled to room temperature in an ice bath. The Avail of the 
tube is then carefully dried by Aviping with a soft towel, and 1 c.c. of 10 per 
cent sodium formate added. The solutions are mixed by shaking and then 
allowed to stand 20 to 30 minutes at room temperature. 

3. Measurement of Color Density : The clarity of the mixture before addi- 
tion of KI permits determination of the indhidual “center-settings” of each 
tube, thus correcting for inaccuracies in the calibration of indiAudual tubes and 
permitting the use of tubes Avhich have become too scratched or Avorn for other 
uses. The “center-setting” is determined for each tube in the series, usino- the 
appropriate color filters. One drop of alkaline KI is then added, the “center 
setting” is appropriately adjusted, and the reading is made at exactlv two 
minutes. 


Light filter No. 400 is suitable for the determination of pla.sma “blank” and 
of plasma diodrast-iodme concentration during clearance periods- 
440 is ordinarily used for the detemination of diodrast-Ldbie in ' ri 
«nd No. 490 for ,ho concontra.ion., i„ phsmn .ond SwtS oh T™’ 

mmation of Tmn. ' ' ’ ®'4am in deter- 

Co(c„io,i„„._TI,o dolonnination of coneo„trati„„ 
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TIIK .lOrUN'AI, or I.AHOUATOUY AND CMNICAl. MKDiriNi; 


fralvnnomcfo)’ rcadiiifrs is inado hy ivfi^raicc lo a calibralioii riirvo from flic 
preparation cither of iodate solntions or from dilnlions of 35 per cent diodrast 
solution treated with all reagents exactly as descrihed. The separately meas- 
ured plasma “hlank” should he suhlraeted from the observed plasma eoiieen- 
Irntion, and the result multijdied !>y the dilution faetor (11); thus (0,175 to 
0.002) 31.0 I--3 1.025 iiifr. jior 100 e.e. of plasma, where 0.0175 is the apparent 
diodrnsl-iodinc content of the 1(1 e.e. of unknown j>insma filtrate and 0.002 tlic 
value of the plasma “hlank.” 

The hit,di dilutions of urijie used obviate any aj)]>rec.iahio error from 
urinary “hlank.” 

Rcsitlls . — The mean re<-overy in 31 determinations of diodrast-iodinc added 
to human plasma was 100 jier <;ent. The rantre of recovei-y in this series varied 
from 97.5 to 102 jier cent. The concentrations used raided from 1.9 to 00 niR. 
per 300 e.e. of plasma. 

AVc found the method particularly iisefnl because : (a) There is the eon- 
vcniencc and safety of bromine water and sodium formate in contrast, respec- 
tively, with bromine and phenol reagents; (h) the separate determination of 
"center-sett ill"” for each tuiie oliviates errors due to differences hotween indi- 
vidual tubes, .such as result from etehintr or .scratches and ])erniit.s the u.sc of 
tubes, which would otherwise be ilisearded; and (e) the use of 10 c.c. of plasma 
filtrate in a final volume of 12.2 c.c. yicbls a color density from 1.0 in':, per 
100 c.c. pla.sma diodrast-iodinc which, usinp: filter No. 400, reaches at about the 
center of the tralvanometer. The u.sc of a special filler for determination of 
low concentrations of iodato-iodine is thus avoided. 

The u.se of “Duiionol PC” was practiced beeau.se it was found that its 
detergent action made it passible lo obtain full recovery of idasma diodrast in 
zinc filtrates in which the pla.sma had been diluted only 10 or 11 times, whereas 
only 90 lo 95 per cent was recovered in tiie.se filtrates in the ab.scncc of 
“Duponol PC,” when it was added in large excc.ss or when a series of other 
detergents were tried. Pull recovery of diodrast-iodinc, however, may be ob- 
tained from pla.sma in zinc filtrates without the u.se of the detergent when the 
plasma is 35 time.s diluted.’' We have found the more coneentrated filtrates 
advantageous, and therefore retain the use of “Dujmnol PC.” Probably .some 
other application in clinical chcrni.stry of this action of detergents will be found. 


SUAIMARY 

A convenient method is dc.scribed for determination of diodrast-iodinc m 
urine dilutions or phusina filtrates. The nielhod depends upon the detergent 
action of “Duponol PC” for full extraction of diodrast from pla.smn: the 
diodrast-iodinc of the ])ln.sma filtrates i.s then oxidized with bromine Avator and 
the excess of bromine dccomimsed by adding sodium formate. The iodate- 
iodinc content of the samples is determined ])hotoeolorimetrically by the method 
of Flox, Pitesky, and Alving.= 

KKI'KKKNCKS 

1. Sniitl., H. W., GoWring, w. imd Clmsi.s, tr.: Tl.,, 

Atus.s, KfToctivo Blood How and I' ill ml loi 

]\[o(hod for Bolenniiiulion of J)iodrnsl-Iodino in Blood mid Urine, 

a V, V T'”kS' l“ Tniroct PlmloelccIrio Colorimotnc Jfethod for 

■ ■ ^ ' tho^Dotorminntion of Diodrast mid Iodines in Blood and Urine, J. Biol. Chora. 

142 : 147 , 1042 . ... , 


Aleiusiireinenl of llic Tnlndar Exerelor^ 
ion Bate in the Normal Unraan Kidney, 



MEDICAL ILLUSTRATION 


COLORING AND APPLYING FACIAL PROSTHESES* 


Captain* CARii Daaik Ci^arkk, .Gakatorv Corps, Army of tfif. Exited States 

IVasiiixgtox, D. C. 


IN CONSIDERING the color result of a final prosthesis it must be realized 
* that there are seven distinct steps that can be used in color Avork alone to 
obtain the finished product. All of these are not necessary in every instance, 
but each step is worthy of consideration. The procedure begins AAuth the latex 
mix and does not end until cosmetics are applied to the prosth&sis when it is in 
place on the patient. The steps taken to produce the color effect are as follows; 

1. Counteracting the natural yellow* color of rubber and its tendency 
to darken. 

2. The addition of Avater-soluble pigments and dyes to the latex mix 
to produce a basic monochrome skin color suitable to the indi- 
A-idual patient, 

3. Blended color effects on the dried nibber prosthesis aehieA'ed W'ith 
oil-soluble dyes. 

4. Detail effects produced with alcohol-soluble dyes. 

5. Placing of hair, glass eyes, and fingernails in the rubber cast. 

6. Highlighting or lacquering the surface. 

7. The application of cosmetics. 


These steps are of sufficient importance to require a detailed description 
of each. 

1. Counteracting the Natural Yellow Color of Rubber . — Unfillld rubber 
turns dark on prolonged exposure to .sunlight. It assumes a yelloAv cast AA-hieh 
varies from light cream to raAv umber. Steps to forestall this change must be 
taken Avhile the rubber is in the latex state. Zinc oxide (a thickening agent) 
and clay or chemical fillers should be added. The zinc oxide .should not ex- 
ceed 2 per cent in \*ulcanized latex or 4 per cent in um*ulcanized latex; other- 
wise the final prosthesis may crack. This cracking can occur eA*en Avhen the 
prosthesis is soft and pliable. An excess of zinc oxide would cause the prosthesis 
to become so opaque that it would not possess the translucency of normal 
Caucasian skin. 

In addition to the zinc oxide, clay fillers can be added to prevent the 
rubber from becoming too dark. The clay fillers should not exceed 10 per 
cent or the translucency will be lost. In fact, if the rubber contains both zinc 
oxide (2 per cent) and clay filler (10 per cent), the prosthesis may lack the 
translucency of normal Caucasian skin. The proportions .should invariablv be 
ess, than the percentages mentioned. The mixture is balanced to suit SDecific 
type^of skins. It is often better to make up .stock solutions of the SeJ 

•From the Department of Moulage and Prosthetics \rmv -.r 

Ilecolved for pubIle.ation. July 9, 1913. ' * ^ Xluseum. 
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Tin: .imiKN'An or i,.\itoiiATouY ano rMSioAi, mkoicint; 


Inlox coiiliiiiiinjr diJlri'ciit jxTcrtit.T^cs of rlxy fillrr. I hdiovc tlir clay /illei's 
are more siiifalilc tliaii zinc oxide for Jliis purpose. If clay is used varitnis 
stock solutions of latex can lie ]>rej>an-<l, each liavinc: the proper basic colors 
incorporated, and each bein*,' .sliuditly dill'erent from the other. A dried .sample 
ii’oni caeb lot may be attaebet] to the Jieclc of the bottle, 'f'liese samples are 
jilaeed next to the jiatient’s shin to determine which solution is nio.st suitable 



Fip. 1. — The front view of a patient reqvilrlnfc a prostlicsl?. 

for making the final pro.sthe.si.s. If zinc oxide is used instead of chiy to pre- 
vent darkening, the .stock .solution may in time coagulate in 'tlie bottle and 
become unfit for further use. When zinc oxide is chosen, it must be incor- 
porated as a tliin Avater paste into the latex Just before it is poured into the 
mold. Stock solutions containing a small amount of zinc oxide that are kept 
for long periods of time become so thick tliat it is difficult to pour them juto 
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molds liaving small openings. If the stock solution is diluted with water, it 
continues to sink in the mold because the plaster absorbs the water, and air 
pockets will likely form in the cast. These may be corrected by refilling the 
mold as the solution sinks in the opening. Some stock solutions containing 
zinc oxide thicken considerably in twenty-four houi’s. Although this may be 
ail advantage when it is neee.ssary to build up a coagulum deposit, as on agar 
molds of hands, it is a disadvantage in inpj ds that have small openings as in 
a prosthesis of the car or nose. v 





r 



Fiff. C. — The nro!<thetic nose in plane 


It seldom takes more than 100 c.c, of late 
prosthesis of an ear or nose. Therefore, the 2 
quired for this quantity can be added with 


X mixture to make the avera-e 
to 4 per cent of zinc oxide r'e- 
an eye dropper from a stock 


3520 


Tin: .lOUltN'AL OK MltOlIATOKV AM) CIJNICAL .Mi;i)I(:l.M; 


solution of zinc oxide groiiiKl in water to a thin paste or viscous liquid. For 
example, there are about 15 drops to I c,e. ; therefore, .30 drops or 2 e.c. of 
this water dispersion can he added to .100 e.c. of the ruhher mixture to get the 
proper mix for a prosthesis. This is only u rough method of figuring hut it is 
sufiiciently accurate for the purpose. If the ruhher mi.vlure contains the clay 
tiller, the zine oxide content can he reduced or eliminated. 



f 


A 

' Fifr. 3. — ^Tho side view of the .snino pntlent without the pro.sthesls. 

2. The Monochrome Bose Color . — Usually a monochrome base color is added 
to the latex mix to give it a general tint similar to that of the patient who is 
to wear the prosthetic appliance. As noted before, it is customary to have 
on hand various stock solutions of slightly different flesh colors because each 
patient’s skin tones vary. This is particularly true among Negroes. As a 



OLAUKI'.; COI.OUINX! and ArPl.YING I-AClAli PROSTHKSKS 


1521 


rule, six st<tck solutions suflico* for Caucasians. Eight .shoukl he cnougli for 
Xegvoes. When a .skin toue i.s hetu'eeu the color of two stock solutions, the 
proper color may ho made by mixing the two. A dried sample of each skin 
tone should he attached to the neck of each bottle of stock solution, since the 
dried latex is differout in color from the liquid latex. It is invariably darker. 
These sample.s are placed next to the skin to match the color. The prosthetist 
generally chooses one a shade lighter than the patient's color because other color 
mediums arc added Avhieh eventually create the desired effect. Furthermore, 
all nil)her prostheses tend to darken on pi-olonged exposure to sunlight. From 
time to time, over a period of months and years, it may become neee.ssary to 
remake a prosthesis, and for this reason the mold of each patient should be 
filed away for future use. 

To obtain the stock monochrome solutions previously mentioned, color in 
the form of pigments or dyes is added to the latex filler mixture. These pig- 
ments and dyes mnst be confined to certain restrictions. For example, they 
should not have an acid reaction to litmus paper. If they do, they will coagu- 
late the latex into a mass or into isolated particles. They should contain no 
copper. If copper is present, even in small quantities, resinification of the 
rubber will follow. If opaque pigments arc used to excess, the transluceney 
is destroyed in the resulting prosthesis. Transluceney is essential to natural- 
ness, and for this reason transparent dyes are usually employed. Unfortu- 
nately, the average dyes available for rubber are not as permanent aspigments, 
Pigments are ground with water before being incorporated. Dyes are added 
to water until translucent solutions without any sediment are formed before 
incoi-poration. A considerably larger quantity of pigments than dyes is neces- 
sary to obtain the desired shade. AiYhen adding both pigment and dye solu- 
tions to small quantities of latex, it is advisable to use an eye dropper. The 
color is added a drop at a time while stirring the mixture. 

In considering the bronmish-red tones of Negroid skin, one may say that 
all three primary colors are often employed to obtain the desired effect. For 
this reason pigments and dyes of varion.s shades are listed. 

The following color ingredients are suitable for latex mixes: 


Lithopone 

Snlfide of antimony (if free from calcium sulfate) 
Inactive carbon or lamp blaek.s, ivory black or the like 
Green chromium oxide 
Natural red iron oxide 

Organic colors, if available in powdered or paste form 


Among (he water-soluble colors manufactured bv E 7 Dn 
1 libber latex and are to a great degree permanent. ^ ^ 


Pink BE 
Brown 2 RL 
Blue 4 GLN 
Red 8 BNL 


Blue SRL 
Gray BL 
Orange 2 GL 
Yellow NNL 



Titi; .lot'KNAij or laiioit.vnmv a.vd mi.dici.vi; 


ir)L>2 


Those (lyos nvo in jHiwdor t'nnn. Alunit 2(1 (iiii. <if lltr jKiu'tlor arc «(Wc<i 
t(i 200 c.c. of water. 'I'lii.s mixture is atlfled droj) l>y drop to .small fpiantitic.s 
of nddier. The, eoiieentralioii of <!ye in water <-an he stronger for Xe<(roi(l 
.skin. It is difiieidl to jrive .sj)eeitie arnoiints of tlye to he, added to water he- 
eause each per.sam’s skin varies in eolor, and the eoneentration of dye to water 
may vary. The iirostheti.st must deiiend on his .sense of eolor to determine the 
amount of dye to ho added to eaeh latex mix or to a sloek solution. 



I 



pi/r, .|. — A .side view of Uio s.nnie patient -with tlio nose In place. 

Jlost dye manufacturers list dyes tiiat arc suitable for incorporating -with 
ruhlier. Thc.se manufacturer, s are listed in the Chemical Buyeivs’ Guide Book,*' 
which is practically indi.spensablc to the prosthetist. 

Chemical Buyers’ Guide Book, Cliemical Industries, 622 Fifth Avenue, Neu’ York City. 
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In any event, llic monochrome tint applied to the latex mix is kept some- 
what lighter than is desired for the finished prosthesis, because additional oil- 
soluble color will be added later. 

After the dc.sired tint is chosen the mold is poured; the cast is dried in 
the mold and removed. The seam lines are trimmed with instruments heated 
over a Bunsen burner. Often a syruplike substance is thus produced. This is 
burnt resinified rubber and may be removed with a small piece of cloth 
dampened with turpentine. In fact, the prosthesis can be given a rather 
vigorous cleaniug with the turpentine cloth. It serves to remove the tiny 
impei’fections caused by the smallest air bubbles in the mold. The larger 
positive impressions of air bubbles must be cut away. The turpentine may 
cause the rubber cast to swell, but this will rectify as the cast dries. 'WTien 
one really masters the use of the tools and a knowledge of the temperature 
at which to use them, seam lines may be cut away with the hot tool without 
resinifying the rubber. ^Moreover, skin detail can be replaced and defects in 
casting removed or repaired without damage to the surface. Although de- 
pressions caused by faulty casting can bejiiodeled out by the addition of small 
amoimts of latex to the east, this'-.prbeedime is not always successful. It is 
generally better to remake the. east. The rubber easttshould be washed thor- 
oughly in soap and water after it is cleaned with turpyritine. ■ 

"When the prosthesis has been trimmed earefuUy and aji defects have been 
corrected, if is time to use the oil-soluble dyes. 

3. blended Shading With Oil-Soluhle Dyes. — Um-ulcanized rubber is soluble 
in carbon disulfide with 5 per cent absolute alcohol, benzene (benzol), chloro- 
form, benzine and oil of turpentine. Vulcanized rubber, howevei’, only SAveUs 
m these solvents, and after prolonged soaking it loses its strength to a point 
where it crumbles readily. Benzine being more volatile than turpentine has 
a quicker swelling action on the AUilcanized rubber than turpentine If 
Oil-soluble dyes are mixed with these rubber solvents, a coloring medium is 
produced that wiU sink readily into the rubber and give pennanent tints 
It should be realized, however, that the dye continues to bleed into the rubber 
and becomes less intense. By means of this change the prosthetist is able to 
obtain more lifelike blended color effects on a monochrome prosthesis In 
other words, skin is not a monochrome, but is made up of delicatelv blender! 
areas of different shades of the same color or different colors The same effcot 
cannot be obtained with pigments because these are composed of microsconic 
particles of opaque matter which do not sink or bleed into the rubber but bp 
on the surface. Even if perfect blending rvith pigments tvere noslfe 
color would in a short time wash from the surface of the nrrxjrtipc'^ 7 ’ 

the monochrome-tinted rubber. ^ Prosthesis and expose 

An oil-soluble dye applied in the same manner .sinks inin i t. 

the prosthesis may be washed or even scrubbed immediatpl 
•toe progresses the d,-e blends or bloods f„r,h„ i 2 ,t S.er Tn'’' 
more uniformly distributed or thoroughlv blended with nth ^'^<^oines 

this reason the prosthesis is generally colored more deenlv 
immediate use. The complete blending may require a few i ^ 
experiments, however, the worker can aiiticinate thp pIT ♦ several 

It is assnmed that once the solvent has vap^ "iH P™- 

blending iviU cease. eiaporated from the rubber 


the 
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'J'iu; (lifiVrenci- iK.'tui'on ])i"iiirijt.s- /md dyes am readily lie delceird willi 
:t tiiierascojio. I'or cxaitiple, .saiiipic-s ol' <t red pi<;iii(*ii( and a red <Iye are 
]>!aee(l tm a miernscopie slide and sliulied (lirotitrh li'aiisiiiitled li[;li1. The 
jiigjjieiils uill appear as lilael; speeUs and l)ii‘ dye will still ajipear red on 
(he slide. 



^ _js: 


Fig. 5. — side view of a patient rcquIrlnEr a prosthetic ear, 

Oil-sohible dyes serve (heir nio.sl important inirposc in obtaining; pink- 
Idended flusblike clTeets on (be checks, Ups, tips and ala of the nose, and 
knuckles, and blue effects of veins that lie beneath tlic skin. 

These results arc olitained bv preparing' a nii.xture of one part of turpen- 
tine and one part of benzine as a niodiinn. Into 50 c.e. of this mixture are 
dissolved 10 Gm. of the oil-soluble dye. This ivill, produce a heavily concen-. 
trated dye mixture whicb may, be considered a stock solution. Before it is 
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used a drop ov two of tlic solution is added to a few drops of the benzine- 
turpentine mixture. The diluted mixture is applied with a brush to tint the 
prosthe.sis at the desii’cd places. It is advisable to try to blend at the time 
the color is applied, but it should be realized that the resulting blended effect 
takes place automatically by bleeding rather than by the artistic skill of the 
worker. As the colors bleed they become lighter; therefore, the tints are 
applied more intensely than desired in the finished prosthesis. After applying 
the oil-soluble dyes, the prosthesis may be left to stand or it may be washed 
immediately with soap and water to test the permanency of the dyes employed. 
If the right dyes arc used and the work done properly, it will be impossible 
to wash off the dyes. 

The following is a list of oil-soluble dyes suitable for this purpose which 
are manufactured by Du Pont : 

Anthraquinone Blue AB Base 

Anthraquinone Blue SlfAT Base 

Anthraquinone Green G Base 

Anthraquinone Iris R Base 

Oil Red 

Oil Black BG 

Oil Brown N 

Oil Yellow X 

Oil Y’eUow 

Oil Fast Yellow EG 


4. Alcohol-SoluhU Dyes . — The alcohol-soluble dyes have their place in pros- 
thetic work, hut they are not used to the same extent as those that are oil- 
soluble. The stock solutions of these dyes are made up in the same manner ; 
that is, 10 Gm. of dye are added to 50 c.c. of alcohol. The intensity of the dve 
can be reduced as it is used by adding a few drops of dye solution to the alco- 
hol until the desired shade is obtained. The diluted solution is applied to the 
prosthesis with soft bmishes. Blended .surface effects can be obtained. These 
dyes remain where they are placed and do not bleed into the rubber. In some 
cases it is desirable to put a thin coat of matte lacquer over the finished 
prosthesis, wdiich in turn makes the alcohol-soluble dyes adhere more readilv 
to the rubber surface. This will be discussed more fully later. 

The following alcohol-soluble dyes manufactured by Du Pont are suitable 
for use on rubber ; 

Luxol Fast Red BB 
Luxol Fast Red B 
Luxol Fast Scarlet C 


5. Applying Hair, Artificial Eyes, and Fingeniails.~For the sake of 
ralness it is sometimes de.sirablo to imbed hair into the rubber ca.st EacV 
is usually inserted separately with a needle. The tip of the eve emt . r 
noctllc is r.lc.l .m,il it is „p<.„ at .!,« c,„l. Tl.m the poittled e„/ ^ 
IS fixed into a small piece of wood wliieli serves as a handle m 
hair a pointed needle is used to pierce the rubber and tL r i j insert 
prepared needle is used to straddle the end of the hair over thrpTetcS^j.^b 
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By np])lyin,£^ prossiiro fo tlic hnir with the forked needle over the hair, it is 
forced into the jirevionsly Atrnied hole. The strength of the rubber closing 
over the hair is generally sufficient to hold it in jdace. If the hair is placed 
into a hollow rubber cast, such as n inaseuline hand filled with a uiicrncry.stnl- 
line wax core, however, the wax will give adiiitional adhesion in holding the 
hair in iilaee. 



Fifr. C. — ^Tlio .same patient with the ear In place. 


A large area of hair as, for example, a mustache, may be applied to a 
male patient to liidc .ioining lines where a prosthetic nose and lip connect to 
the face. 

The process of setting hairs in a foundation of gauze, lace, or woven stitt 
silk is known as veniilating. The needles employed for the purpose are vcnUlat- 
ing needles. These have front hooks of varying sizes, ranging from small to 
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large. Small ones arc used to thread one or two hairs and the largei ones for 
more strands. 


I 



Fig. 7. — The front view of the patient without the prosthesis. 

If the prosthetist does not wish to attempt this branch of the art, a pro- 
fessional wigmaker can supply artificial mustaches to match natural hair 
Indeed, he can make them from the patient’s omi hair, Eyebrow.s may be 
made in the same way. Although this manner of making mustaches and eve- 
brows is not the most successful, it may serve the purpose. The mo.st natural- 
istic eyebroAvs and eyelashes can be obtained from cadavers. These are cut 
away, tanned, and softened before use. After remoA'al of the brow or lash 
the fat of the skin is dissolved out in benzine. The skin is then bleached in 
liydrogcn peroxide or a hyperchloratc solution. It should be noted that th 


THi; or' r,,\j(oi{.\Toirv and aiicdicinj; 


loL’S 

poroxiilo will jilso Irloricli flic lijiir niitl fhis will .siil».sc(|iiciitly lirivc to be dyefl 
to the dosii'cd .sliiidc. The sbiii is tlieii freiitr-d with tiuinie ricid rind liiuilly 
Koffened in a weal; suinfidii of •rlycci’in <ir a similar ntcenf. 8ii(di nafurai eye- 
brows and lashes are easily obfainable by flic pbysieian and iirosllietist liav- 
in»r eonneetion iritb a selmol oJ’ medicine. 



KifT. S. — A front view of t>ie 5nme patient with Die car in place. 


Artificial eyelashes which may be purchased from cosmclic stores and 
cosUuners and attached to the human eyelids in order to enhance the beauty 
of the wearer are not suitable for prosfheses because they are so long they 
•nve an unnatural a])pearance. If they are trimmed shorter the ends of the 
hairs are blunt. Natural eyelashes are tapered to pointed ends. The blunt 
hairs are obvious on the prosthesis. 
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The gauze or natural eyebrows arc attached to the surface of the. ruhbei.' 
with the same latex mix that is used to make tlic prosthesis. The latex mix 
may he applied directly to the gauze or Icatherizcd skin with a bi’ush, after 
which the mustache or eyebrow is set in place. A hypodermic syi’inge with a 
large needle may also he used to inject additional latex between the hairs on 
top of the gauze. By using the syringe and needle the latex can be kept from 
soiling the hairs. 


In order to obtain the best adhesion of the latex to the set rubber, the 
prosthesis should first be wiped off with a cloth dipped in alcohol. This re- 
moves grease and foreign matter that may prevent the gauze or leather from 
sticking. It is also more natural to insert a few stray hairs into the rubber 
around the mustache or eyebrow. 

Artificial eyes may be purchased from the larger optical and taxidermal 
supply stores. Those furnished by the taxidermist are globe-shaped, Avhereas 
those supplied by the optical stores are shell-shaped. The shell-shaped eyes 
are more expensive but better to use. The globe-shaped eyes, however, may 
be cut to size with a three-cornered file. In any event, the artificial eye is fir.st 
matched to the real eye of the patient and fitted into the wax pattern. The 
wax is fitted to the patient to be sure the eye will look natural. A pla.ster mold 
is made over the eye and wax pattern. Before the rubber latex is poured into 
the mold the eye must be removed from the wax and replaced by itself into the 
mold. It may be held temporarily in its original place by a small piece of 
sticky w'ax. The mold is then closed and the latex mix poured. After the 
set rubber is removed, it may be necessaiy to trim some of the rubber where 
it joins the eye. This, of course, is done with hot tools. If the patient has 
one good eye it is logical that the glass eye incased in a rubber prosthesis -will 
not move with the natural eye. Unfortunately, this cannot be helped but it 
"ill be less noticeable if the patient wears eyeglasses with one dark lens and 
one clear lens, or with two slightly tinted lenses. 

If a prosthetic hand is well done it is seldom necessary to use artificial 
fingernails, especially with hands of men. It is advisable, however, to apply 
natural cellulose acetate fingernail lacquer to the rubber nails. The average 
woman prefers artificial nails which may be purchased from co.smeticians 
and five-and-ten cent stores. They are applied by simply trimming them to 
fit the particular rubber fingers and then sealed in place with cellulose acetate 
or pohwynl acetate cement. Some natural fingernail lacquers also mav be 
used for affixing the artificial nail to the rubber fingers. 


G. IIujMifjhiincj or Lacquering the Surface.— It is not alwav.s nece.s.saiw to 
lacquer the surface of a rubber pro.sthe.sis, but fi-equently this is desirable 
especially to cover lips and eyelids. The lacquer on rubber often makes the 
rubber more receptive to cosmetics; because the rubber surface causes a 
drag” on the fingers and brushes that are used in apphing makeup The 
wearer of a prosthesis must learn to use the lacquer as well as cosmetics 
If he gets a better effect with lacquer he must clean the cosmetics and olrt 
lacquer from the prosthesis with alcohol after the prosthesis is removed Hr 
then applies an extremely thin coat of matte lacquer before retirin r ' ? 
J»>ght. The next morning the lacquer is thoroughly drv and the prosthr’ 


IS 
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roiicly for iTiiiiplyiiii; and is n-copf iv»* Jo flic inakc-iij). Sima; (lio liief|U(!i‘ is 
idcoliol-solublo. the adliosi\'(‘ for lioidiinr flic jirostliesis in plarr, which is 
also alcohol-sttlnblc, ninsf be applied with care to the reverse side to prevent 
niixiiifi and the formal ion of a f?um dejiosit on the edtjes. Althouf,'h the 
lacciuor is not essential and is seldom used by nnisenline patients, it has its 
place in croatiiifr sjioe.ial effeets. If should also be realized that lacquer will 
eventually wash from the surface; it slioiild not be considered as a pennanent 
]nirt of the jn-osthesis. If the jirostliesis lacks translneency a matte lacquer 
will create an effect of Iransluceiic}'. A primary nse of lacquer is to set or 
hold any surface coloriii'r with ahsdioj-soliible dyes and to make the surface 
more recejitive to the apjilieation of cosmetics, as previously mentioned. It is 
well known that many face creams contain an oil or trrease in one form or 
another. Those oils and preases readily attack and deteriorate rubber if u.sed 
in exce.ss. The prosthetist can n.sc co.smefics that have no oil or small ainomif.s 
of oil or oi'oasc in them, or he can make the surface of the prosthesis impervi- 
ous to the action of eosmcfie.s. Face creams and lotions 0011101100 " stearic 
acid may be used as a jiowdor base, beminsc the stearic acid ilocs not readily 
attack the rubber. Therefore, vanishing creams may be n.sed, wJiereas cold 
creams .should be omitted. This .subject will be discus.scd more fully under 
Cosmciica. 

If lacquer is used it should be alcohol-soluble and kept quite thin, ^fost 
lacquers can be diluted Avith acetone; others may be diluted with alcohol to 
acquire this thin consistency. This apjdics particularly to the polyvinyl acetate 
lacquers. A formula most .suitable for this pnrpo.se i.s as follows: 

Parts by weifrlit 


Ethyl alcohol 700 Gm. 

Ethylene dichloride 200 Gm. 

Amyl acetate .SO Gw. 

Castor oil 20 Gm. 

Polyvynl acetate 100 Gm. 


The liquids are mixed together and the polyvynl acetate crystals arc 
added. The container is .shaken from time to time until the polyvynl acetate 
i.s dissolved completely. 

Commercial lacquers are invarialdy too brittle on drying for application 
to rubber, which undergoes considerable bending and stretching. It may also 
be necessary to add a small amount of castor oil to the commercial lacquer to 
make it more plastic on <Irying. If the lacquer cracks or develops other de- 
fects that make it undesirable, if may be removed from the prosthesis Avith a 
cloth dampened Avith alcohol. Lacquer that i.s not alcohol-soluble may be 
remoA'cd Avith a cloth dampened Avith acetone or amyl acetate. 

7. Cosmciics . — As in the case of lacquer.s, cosmetics ai-e not absolutely 
essential to a Avell-prepared and colored prosthesis. Because of the darkening 
effect of sunlight on rubber and the changing of .skin tints as a result of the 
various seasons, hoAvever, cosmetics may be employed to eounteract these 
gradual differences. Furthermore, cosmetic pastes arc used to fill join Imcs 
to make them invisible. Join lines result Avhere the prosthesis meets the natural 



COLORING AND API’L'nNG FACIAIi I’ROSTIIESES 


3531 


CLAHKK : 


skin. In any event, cosmetics slionld be used sparingly. Any semblance to 
stage makc-np should definitely lie avoided. Opaipie pastes and lotions should 
not be used, or the translucency of the rubber and skin will be lost and pro- 
duce an unnatur.al appearance. The following general remarks on the appli- 
cation of prostheses and make-up to the face should be studied carefully. It 
.should be remembered that there are a variety of facial prostheses, such as 
eye sockets, noses, ears, and depressions or scar easts. 

1. The face is washed with a mild soap. If the patient has a tendency 
toward oily skin, an astringent should be used after washing. Practically 
any astidngent is suitable for this purpose. A satisfactory one may be pre- 


pared as follows ; 

Alcohol 1,000 c.c. 

ilenthol 4 Gm. 

Glycerin 50 c.c. 

Water 1,300 c.c. 

Perfume Q-S. 

Color (vegetable dye) q.s. 


The menthol is dissolved in the alcohol and the other ingredients are 
added in the order mentioned. 

2, The adhesive is placed on the side of the prosthesis that comes in con- 
tact with the skin surfaces. It should not extend to the front or back beyond 
the area that is made to fit the face. I have found the following formula 


suitable for this purpose : 

Gum mastic or colophony 175 Gm. 

Ether 200 c.c. 

Alcohol 200 c.c. 

Castor oil 10 c.c. 


The gum mastic is placed in a bottle; the castor oil is mixed with the 
alcohol and then added to the gum mastic. Finally, the ether is poured in 
and the bottle is shaken well. In a day or so the gum mastic will be dissolved 
completely. Impurities in the ma.stie, .such as dirt or pieces of bark, settle to 
the bottom. The clear liquid is poured off and put into smaller bottles to be 
supplied to the patient. The gum mastic in this formula is the adhesive ao'ent. 
The ether is for quick drying and the alcohol is for slower drjdng. Some 
patients prefer to use ether as the solvent for giun mastic, because they can 
put the prosthesis in place the moment the adhesive is applied. Others prefer 
to use alcohol only, since it gives them a minute or so to ivait before putting,- 
the prosthesis in place. The castor oil is used to prevent the mastic from 
erystalizing on drying. Colophony (rosin) can be substituted for the -mm 
mastic. I know of two cases that developed a rash from the use of gum mastic 
In such a case another gum should be substituted. 


3. After the prosthesis is in place a pastelike putty should be appHed o%-er 
the join line where the prosthesis comes in contact with the human .skin Th’ 
is particularly necessary for noses and eye sockets, but is not essential 
prosthetic hands. The putty is used sparingly on small artificial portions f 
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(he oar fo covor fho join lino wlu'io tlic loho or loj> onrvainro moots the natural 
oar. If an ontirc oar i.s niailo llio join lino oan In* plannod at tlio loast con- 
spicnons place next to the head. A join lino in liio front of tlio oar should 
be made invi.siblo. 

A theatrical no.se putty oan be ptiroliasod from drutr stores. This material 
is diflicult t<i use, lunvovor. A far more satisfactory ])roduol can ito prepared 
as follow.s; 


Be Square si)ecial wax. 1(50 to 1(55 m.))., amber 
(Bcrcco Oil („’o., Tuhsa, Okla.) 

2n Cm. 

Idincral oil 

5 c.c. 

Hosin (Avatcr Avhitc) 

20 Cm. 

Talc 

20 Cm. 

Bed color (oil-soIublc) 

q.S. 

Perfume (oil or nleohol-solublc) 

q.S. 


The mineral oil and wax are molted totrctlior; tlio rosin i.s then ndiled and 
the mixture stirred over a low fire until comiilotoly melted. It is removed 
from the tire and the talc added. The mixture is stirroil until cold. If loo 
.sticky more talc is added while cold, and the mixture is kneaded like douf-di 
until it will not stick to the tinp:er.s. A drop of diluted oil-.solnblo red color 
and a di'op of perfume are added and the kneadiiifr is continued until the cor- 
rect color i.s obtained. 'I'he wa.x frives idasticity to the composition, and the 
rosin causes adhesiveness. The mineral oil is nsi'd to overcome the drync.ss 
produced by the talc and to inijirove the pliability. The talc counteracts the 
extreme stickine,ss of the mixture and reduces the cxcc.ss tran.slueency. This 
putty should be of a consistency that bends readily without eraekiny ns the 
face assumes ditlcrent exju’essions. For winter use. a few additional drops 
of mineral oil may be added. The color should be of a .shade and quantity to 
suit the individual. This is of no ^reat consequence, however, since a stock 
supply can be made up without the color. The color cun he added to a .small 
amount of the .stock .supply Avhile kneadintr the pull.v in the tin'rer.s. From 
time to time the putty is held next to the patient's .skin for matching. 5Vhcn 
the correct lint is reached the putty i.s given to the patient for u.se. 

This mixture is employed to eoA’cr join lines in the following manner. The 
fingers are dipped in Avater to keep the putty from sticking to them. A small 
piece is rolled between the fingertips until it is cylindrical and about the size 
of a toothpick. This is laid over the join lino and pre.sscd into place with a 
Avet fingei*. It is then smoothed out until the prosthesis blends Avith the face 
and the join line disappears. 

4. After the join line is covered a .skin lotion or vanishing cream may be 
used as a poAvder base to cover both the prosthesis and the face. This should 
not be of an oily nature and should be applied sparingly. A small amount is 
dappled on the forehead, cheeks, and chin, then blended Avith the fingertips 
into the skin and prosthesis until the lotion disappears. 

The folloAving formulas deA'i.sed by the Atlas PoAvder Company are most 
satisfactory for use A\dtli prostheses for poA\gler bases, vanishing cream, skin 
lotion, and similar preparations : 
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Formulas 


Ingredients 

1 

2 

3 

4 

1, .\rlcK 

3.0 

S.O 

5.0 

2.5 

2. Potassium carbonate 

0.7 


0.7 


3. Potassium hydroxide 

4. Triethanolamine 


1.0 


1.7 

- 5. Water 

7C.4 

C4.1 

■45.1 

70.9 

6. Preservative 

q.s. 

q.s. 

q.s. 

q.s. 

7. Stearic acid 

15.0 

20.0 

10.0 

3.5 

S Lanolin 

0.5 

1.5 

0.5 

2.0 

9. Mineral oil 

2.0 

2.0 

35.3 

15.0 

riO. Alannifan Monooleate (.4.tlas G-954) 

2.0 

1.0 

1.0 

2.0 

4 11. Mannitan Monostcarate (Atlas G-90S) 
(12. Spermaceti 


2.0 

2.0 

2.0 

. 13. Perfume 

0.4 

0.4 

0.4 

0.4 


METHOD OF MANUFACTURE 

Warm A and B separately to 75 to 80° C. 

Add B and A slowly and Avith thorough agitation. 

Add C at 50° C. 

hlote; Stir Ko. 1 and No. 2 intermittently, and Avhen body has increased, turn 
over hy hand. No. 1 cream may he poured direetly into .jars at 58° C. 

No. 4 cream must be passed through colloid mill or homogenizer while still 
fluid. 

No. 3 cream should be stirred until cold, set aside over night, and remixed the 
following morning. 

No. 1, Yaiushing Cream 
No. 2, Hand Cream 
No. 3, All Purpose Cream 
No. 4, Liquid Cream 


MODIFIC.\TION.S 

For modification of the above formulas the following A\-ill serve as "uides • 

Foundation Cream . — Formula No. 2. Add 2 per cent titanium 
dioxide. 

Powder Crecnn.— Formula No. 2. Add 5 per cent titanium 
dioxide and color lakes. 

Emollient Skin Crcuai .—Fonuula No. 3. Increase lanolin to 
5 per cent or as required. 

Liquid Clcan.scr. — ^Formula No. 4. 

Hand Lotion. -Formula No. 4. Reduce mineral oil to not over 
o per cent, increasing ivatcr by like percenta-re 

Liquid Poiedcr Sasc-Foimula No. 4. Eeduce'mineral oil to 
5 per cent as above. “ 

. 0 . After the powder base is apnlicd and , 

rouge may be blended into both the .skin and prosthSs 7tfh 
The moist or cream roiure serves best for fhic Proper places, 

rouge does not spread evenly over rou-h or hai^^°i^ because the dry cake 
Some rouges have a tendency to permanently dye the 
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used cannot be removed from llic proslhcsis willi nlcoliol it should not be con- 
sidered for prostlietic work. Iloupe also can be used 1o good advanfage on 
Ihc ala of n prosthetic nose or the top curvature aiid lobe of a prosthetic ear 
if the prosthesis lacks color at these points or if fugitive colors Avere used in 
making the ])rosthesis. The rouge should be applied sparingly and blended 
Avith the fingertips. In making up a prosthesis the tendency should ahvays 
be toAvard naturalness without in any Avaj' leaning toAvard the theatrical. The 
main object is to prevent a “made-up” apjiearance and to aA'oid attracting 
undue attention to the face. 

G. Any face poAvder of suitable .shade and texture can be u.sed OA'cr a 
proper poAvder base. It sliould be dusted on lightly and blended OA'cr the 
Avhole Avith a soft poAvder iiufT. It, too, .should be applied .sparingly to jirevent 
an ojiaque cast to lioth natural and artificial .skin. PoAvder applied to the .skin 
has a tendency to kill the natural .sheen and high lights. Often it is desirable 
to restore the natural qualities of the .skin. A cold moist toAA'el gently pre.ssed 
against the face and pro.sthesis Avill .set the iioAvder and at the .same time re- 
store natural skin characteristic.s. This is e.speeially de.sirablo for a male pa- 
tient. The poAA tler aids greatly in hiding projierly filled join lines. 

7. Lipsticks or paste can be used in the usual manner over both rubber 
and natural lip.s, but should not be u.sed in excess, since the grease content may 
cause the rubber to deteriorate unle.ss it is lacquered. Indelible lipsticks 
should be avoided because they stain the rubber to such an extent that the 
color cannot bo removed. It is good ])ractice to test a lijistick on the back of a 
pro.sthesis to see if it can be remoA-ed properly before using it on the lip.s. 

8. EyebroAv jicncils can be used if desired on rubber iirosthesis Avith hair. 
Such prostheses .should be made to Avithstand Avashing Avith mild soap and 
AA'ater and an occasional cleaning and disinfecting Avith alcohol. 

9. Prilliantine and similar hair preparations can be applied AAith a tooth 
or mascara bru.sh on the hair of a pro.sthe.sis. .Such mixtures .should be used 
Avith care and very sparingly, hoAvever. An excess of oil in the artificial hair 
collects dust and foreign particle.s. This nece.ssitntes frequent cleaning, re- 
sulting in premature deterioration of the artificial hair, and rejilacemenl be- 
comes necessary. 


Editorial Annoimcement 

Previously it has been customary to end the volumes of Tiik Journal or 
Lahoratory and Clt.nical jMedicine AA'ith the September issue. A change has 
been made, hoAvever, by AA'hich the future A'oliunes Avill conform to the calendar 
year, beginning Avith the January issue and ending Avith that of December. The 
present A’olume 28 AA’ill, therefore, continue through the December number, and 
the index AA’hich has been omitted from this number AA’ill appear instead in 
that issue. 


Editor. 
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CLINICAL AND EXPERIMENTAL 

the piiyeics of sound with particular relation to 

EXAMINATION OP THE PATIENT 


Earle ]\I. Chapmak, :M.D. axd Ayram Goldsteix,! Bostox, jMass. 


IXTRODUCTIOX 

T he application of the principles of physics to the examination of the 
patient Avas introdviccd by Skoda and Hoppe^ 100 years ago. >Since that 
time their ideas have been amplified and experimentally verified.® We be- 
lieve, however, this Imowledgo has been neglected in current teaching and for 
this reason we arc presenting tlicse ideas, not original, Avhich are ncce.ssarj'- for 
tlie student's appreciation of tlic fundamentals of physical diagno.si.s. Mont- 
gomery and Eckliardt's^ admirable Avork clarified the ])hysies of breath sounds, 
and herein aa'c hope to accomplisii the same for the phenomena of ijercussion and 
tactile fremitus. For clarity aa'c shall present this material in three steps; 

1. Sound Avaves — four qualities; intensity, 
pitch, duration, and quality (timbre). 

2. Sound AA-aA'cs — four fates; diffusion, absorp- 
tion, reflection, and resonance. 

3. Application of the physical ininciples to 
tactile phenomena and perenssion. 

I 

Sound is the result of rliytlnnic vibrations of the air .striking upon the 
ear. The range of audible sound is from 16 to 36,000 vibrations per second 
The range of musical tones is from 40 to 4.000. Sound Avaves can be repre 
rented diagrammatieally to shoAv the four qualiiks of sound; inten.sitv niteh' 
duration, and quality, as folloAAs; ’ 


•Instructor in Medicin**. Hnrvard Vnivori<ity. 
IThird Y«*;ir Student, Harvard Sciiool. 

It»'cf‘Ivcd for puldlcalion. rcbru:ir>' 1, 1913. 
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1. filirnsiht . — In tliis we aiv (‘onciM-iird willi (lio thnpHUtfU' of (he vilini- 
lioiis or (In' total (‘Xcnrsioii of tin* mass' of air iian'cii. In ] wavo Iciitith is 
tlu'samo in lA and IJi. i)iit amplitude difiVrs, 'J'lie toiK'.s sliown are identieal, 
init since lA is fireater in intensity than IH it is a louder note. 

2. Pitch . — In this wc. are i-oneerm'd with f ri fiiiniri/ (vilu'ations ])er .sec- 
ond) that diniM'entiates one pitch I’rom anothei'. A deep note is one of low 
Irequeney. J'^iji:. 1, 2-\ ; a luLrlier note is oim of man\' vihratums per .secomi, 211. 


I. Intensify 



I/IOO Ste l/IOOS«c. 


2. Pitch 



A. B. 


4. Quality 

Fi;;. 1. 

3. Duration . — All sounds diminish in inlcnsily with time; they “die out.” 
In Figs. 1 and 3, tlie tones are identical except that the duration of A is greater 
than that of B. Once the initial di.slurliancc creating the .sound no longer 
exist.s, the .sound will jiersisl for a .shorter or longer time deiiending on a mnn- 
hcr of factor.s'. Tlie chief factor determining duration i.s the '‘.sympathetic 
vibration"' of a large ina.ss of cla.stic material, irsually air, wliich reinforces 
the original .sound. For example, the plucking of a violin .string alone ju'o- 
dnee.s a short sound, hut with this .string stretched over the .sounding box, a 
large mass of air i.s .set into viliratipn and a sustained tone re.snlts. 

4. Quatitif (timhre ). — Tlie concept of quality is o.\'em[)li/ied by llic di.s- 
sirailar tones of a violin, a voice, and a tlute, all sounding the same note at the 
same intensity for the same length of lime. Quality depends upon the pres- 
ence or absence of overtones. AVhen a violin string or a column of air vibrates 
at a certain frequency, the whole string or air column is in vibration as a unit. 
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Tlip .strinji or air colnini) may vilmitc in halves, liivin" a note of twice the fre- 
qneney; or in tliirds, fourths, and so on, and these various notes are heard 
superimposed npoi\ the fundamental tone. Wiiat we usually call “richness’' 
of tone is the presence of many overtones, all hearintr a direct harmonic 
relationship to the fundamental, that is, all simple multiples of the funda- 
mental. In Figs. 1 and 4, A is a pure tone, while B is rich in overtones. 


II 


Of what import anee arc the.se eoneept.s when one is studying sound travel- 
ing through the body tissues? In tactile fremitus the vibrations originate 
nitliin the body and travel outward to the palpating hands of the examiner: 
in pereu.ssion some of the sound waves travel fi-om the perous.sing finger toward 
the interior of the body, where tliey are amplified or not, depending upon the 
properties of the substances tuiderlying their point of entry; in auscultation the 
sounds arise within body ti.ssues and travel toward the .surface and the ob- 
server’s ear. 

Four fates lie ahead of sucii .sound waves traveling through body tis-sues. 

1. Diffusion . — The vibrations may set into motion tissues or air lateral to 
their direction of motion. Such lateral vibrations never reach the hand or eai' 
of the examiner, since they gi’adually subside through diffusion in .several 
directions. 


2. AhsorpUon. — This is the complete disappearance of sound vibrations 
the energj- of which is transfomed into heat in the substance in which the 
sounds are damped out. Absorption must really he considered together with 
its opposite, transmission, since the properties of tlie medium determine Avhether 
sound will he transmitted or absorbed. A very elastic sxihstance like air en- 
closed in a space unth elastic walls (lung) transmits most of the sound waves 
passing through it. On the other hand very inelasfic material (soft ti.ssue 
■muscle) ahsorhes most of the vibrations. 

3. Reflection.s.—ThG use of this teim in connection with sound waves is 
similar to its use in optics. For reflection of sound Avaves to occur there must 
he two media meeting at an interface ; reflection is favored by a large difference 
m density hehveen the media. The best example of this is pleural "fluid Arbicli 
acts as a reflecting layer so that the vibrations of fremitus cannot reach the 
palpating hand nor can those of the pcrcn.ssion blow reach the underlying luim 

4. Rcsomnce.—Thh term is used here to describe a pln-sical' pi-bicinir 
and not m its more specifie meaning as one of the percussion sounds TJie 
principle of resonance is that of tone reinforcement (.sympathetic- A-ihr-itfoni 
mentioned previously. If the phy.sieal properties of a Im-.e masrof t^ 
enclosed aiv are such that it can be set ea.sily into vibrations at a nawir. i 
rafe. then a sound of that froqneney in the vicinitv ivill cause the entiv " 

as illustrated by resonance heard on pcrcn.ssion of the noima'l ^ 

tympanitic note heard over air-filled vLseera. ^ 


XXX 

We wish to stre.ss the practical application of tlie.se fundanipm.i 
to he artunl procedures by which we elicit and jnforpref Pc 
and tactile phenomena. Peicussion note 





Tin: .lOUiiXAt, or i.aiiouatouy and (-i.iNirAi^ aii:dicini; 


rritrrssioN 


'PIk' jDirposc (if |)('!'<MiS'<i(iii is to lii-lrrniiiK* I lie iiliysifjil prdjx’rlics of f is- 
sues by (lirrctiii^^ sound Wiivcs into lliciii nnd ohsiu-viii'r flio nolo wiiicli results. 
Since llio object is to transmit tin* pcrcussifin blou' to tlic undcrlyiiifr slriic- 
turos, the ])lcxhnrl(r fnirjcr .s7/o»W hr pnsstil rryi/ finnhj auainst llic body 
wall. The plexor liiiKei' slioubl slrik** a sharp, starralo hhnv and be iininedi- 
alely withdrawn to allow the fullest opportunity for vibrations to occur; a 
la<rrrard blow may dainp the vibrations. To ofisel diffusion (lateral radiation), 
however, thr perenssion hh/U' shindtl hr strurl: p( r])ru<Iicvhirhi to the surface, 
.so that the resultinir note Avill be affected only by the structures directly be- 
noath. Skoda emjdia.sized that j)ereu.s.sio)) is cbielly eomi)aralive, and for coin- 
l)arincr different areas the inlrnsilii of ihr hloin must hr rniisislrnt. 

The question of the slrenoth of the blow is somewhat dcjnmdent on the 
individual's reaction, h'or example, if pereu.ssion i.s ])erformed too forcibly. 
or<rans cannot, he Avell outlined becau.se radiatintr sound waves impinpe upon 
nearby organs or air s]Uiecs and confuse the result iu": audible tone. This 
sju-eadinp; occurs even under the be.st of conditions, as shown by the difliculty 
in outlining the right lower border of the heart. On the other hand, to out- 
line masse.s lying at some dejith, a rather lie.avy blow is required; for instance, 
the diilno.ss over the left lower lung secondary to cardiae enlargement^ is be.st 
ap])roeiated with a forceful i)ercussion. 

It is evident that the ))orcu,ssion note will lie between two broad exlrcinc.s; 
a large ma.ss of air may be .set into sympathetic vil)ralion and .so reinforce the 
])ercus.sion blow, or the sound may be rellecled back at once b.v rigid, nonela.stie 
structures, and only the dull thud of the i)ereu.ssion stroke will bo heard. For 
convenience the sounds elicited are ela.ssified into four main gradations be- 
tween these, extremes. These will now be de.sci'ibed in terms of their acoustic 
properties. 

1. Tpmpimp (Fig. 2. 3.). — Tympany i.s a definitely musical note, of pure 
]utch and with few overtones, ])rodueed when a ma.ss of air vibrates in .sym- 
]ialhy Avilh the percussion note. It is best obtained norjiially over the region 
of the ecciim or stomach. 'WliencA'cr heard, it i.s an indication of the ])re.sencc 
of air. lienee in pneumothorax, extreme omjdiysema, and over large cavities, 
it, is a pathologic sign. Tympany c:in be approached experimentally by per- 
cussion over the normal thorax in full inspiration; such hyperresonance may 
also be simulated by percussion of a loaf of fre.sh bread or a feather pilloAv. 

2. licsonancc (Fig. 2, 2). — ^]Ic.sonance is a note of deeper pitch, richer in 
overtones and somcAvhat shorter in duration than tympany. It is the note 
heard over the normal lung. The elastic ti.ssuc of the alveolar Avails tends to 
localize the vibrations and fuA-ors the setting u]) of these OA-ertone.s by the sejm- 
rate vibration of many different air jnas.ses (alveoli). 

3. Dulncss (Figs. 2, 3). — ^Dulness is higher pitched and of shorter dura- 


tion than resonance. A dense tissue underlies the pleximeter .so that a com- 
paratively .small amount of air is set into vibration and the percussion note is 
only slightly reinforced. Dulness is the normal note over the heart, avIuIc 
oA-cr the lung it indicates consolidation, collapse, fluid, fibrosis, congestion, or 
a thickened pleura or chest Avail. Dubicss in place of resonance is always a sign 
of disease. “Ubi soniis cst altior, ibi est morbus,” as Auenbrugger said m ITbr)." 
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4. F/ffhic.ss.— Flatness is the epitome oC dnlnoss. The pilcii is very Jiigh; 
tlie note is entirely nonmnsieal, rather a noise than a tone. The duration is 
minimal; the intensity is minimal; and the j)loximeter finger even feels the 
sense of resistance. Tliere is no reinfoi’ceincnt or .sympathetic vibration rvhat- 
ever, and the note heard is simply that of the percussion blow itself. Flatne.ss 
i-s the note heard normally over tlie tliigh and pathologically over fluid and 
veiy thick tissue. 


I. Tympany 



2. Resonance 


3. Dullness 



Fig. 2. 


TACTII.K PHEXOAIEXA 

To understand the principles underlying tactile fremitus, we drew the 
analogy of the human vocal cords, trachea, lungs, and thorax to a wind organ. 
The vocal cords correspond to the stops; the trachea to the pipe; the lunss to 
the bellows ; the thorax to the resonator. The patient phonates in a full, deep 
voice, while the examiner's hands arc placed on the thorax. Vibrations pro- 
dneed in the larAuix pass down the air passages, are reinforced by SATnpa- 
thetieally vibrating lungs, and are then transmitted thi-ough the pleura and 
chest wall to the examiner’s hands. Fremitus therefore depends upon all the 
anatomic stiaictures named, their condition, and particularly their phv.sieal 
properties A\-ith respect to the passage of sound waves (Pin. 3) Tactile* ' 1 
nomena ai-ising from the movement of the hcaiT, blood, pleural surface^ or 
other viscera udll follow the same principles in phvsics. ’ 

1. Larjpix.— The vibrations of a bass voice coiTespond closclv to the funda 
mental tone of the noi-mal lung which they set into sympathetic 'vibration The 
higher the pitch of the voice, the Aveaker arc the vibrations one feels ’ Tb?^ 
simple matter of voice quality mu.st always be considered in evalumio^ 
fremitus. In Aveak, high-pitched voices one mav feel little or nr. f. % t' 

voice cirrevpo .I; ‘j™ " 

tone of their lung and therefore freniiln.s is casilA- felt Tamenlal 
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2. .'Ij'r Piiss(i[/rs . — Tlic ti-iiclira Jiiid Immclii imisl lx* ji.'ilciit, or tlie vilmi- 
tioiis will not ixiss frrcly and ri'ciniliis will Itr dimiiiisliod or ahsml as in bron- 
chial ol)st ruction or in co11jij)sc of llic Inti" with a dosed hroiichiis. In atelecta- 
sis of the hinir with an open hrondins the collai)sed tissue may i-cst against the 
chest wall and so fi'emitiis may he incnsised. 

o. Liiiufs . — In consolidation fremiliis is inci’cascd, hecan.se the .solidified 
lini'T pre.sents fewer air-t issue interfaces (alvisilar sei)ta) at winch relieetion 
can occur; and l>cca\tsc solidified ti.ssue vibrates more rapidly tlian does the 
normal elastic liinir. thereby reinforcing' the comi)aralively rapid vibrations of 
tile sjKiicen voice. In emtihy.scina tactile fremitus is decreased because of lar'rer 
air siiaccs and inelastic sejita, which allow more ab.sorjition and diffusion of 
vibrations before tlnw reach tlic palpal in*,' liand. 

4 and o. Plnirti mirl Pliuntl Sitii((. — Tlic.se merely transmit the vihration.s 
from lunirs to ciiesf wall. .Any ab.sorbiii" or rellcctin;' layer will jirevent .such 
transmission; thus in thichened pleura, pleural effusion, ■ind /nieimiolliora.v. 
fremitus is diminished or absent. 



C. C/ics/ Wall . — Fremitus is decrea.scd over a fat or mu.scular chest wall 
because of alwocfifiou and difi'usiou; it is increased over a thin and bony one. 
One should also remember that for anatomical reasons fremitus is normally 
greater in certain locations than otliens. These locations arc: (a) Posteriorly, 
over the right upper lobe, hecau.se the trachea lies in direct contact here M'ith 
the lung ape.x, while on the left it is .sejiarated hy the aorta, e.soidiagii.s, and 
.spongy connective ti.ssue; (b) posteriorly low in the rigid inter.scapular area, 
because the right bronchus which is the direct continuation of the trachea points 
at this region; (c) in the inter.sjiaces rather than over the rih.s. It is worth 
noting that the trachea does not run up and down, hut is very oblique, running 
from the larynx posteriorly to the bifurcation and tlicnce to each lung hihis, 
very near (he po.sterior hoiindary of the mediastinum. 

COXCI.U.SION 

AVe offer Ibis review as a guide to the .student seeking to acquire .skill in 
the phy.sical examination of tlie iiatient. Such skill is not acquired by memo- 
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riziug lists of clisoosos iin<l llu'ir physical signs, hut vathcr hy luulcrstatuling the 
physics of sound in relation to normal and diseased tissues. 
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EFFECT OF TUNGSTEN METAL DIETS IN THE EAT® 


F. IV. Kixard, Ph.D., axd Johx vax de Erav. M.D., Charlkstox. S. C. 


U* EIV reports on the toxicity of tungsten metal are recorded in the literature, 
although the substance has been used as a substitute for bismuth salts in 
roentgenologic examination of the human ga.strointestinal tract. 

Bemstein-Kohan' killed and examined a rooster three days after he had 
fed the fowl 438.2 mg. tiuigstcn daily for eight days. No trace of tungsten 
was found in the kidneys or the liver, but extravasations of blood Avere found 
in the mucous membrane of the duodenum, je.iunum, and cecum. 

Kniger- recommended powdered tungsten metal as a substitute for bis- 
muth salts in roentgenologic examination of the gastrointestinal tract. He 
obseiwed no ill effects in patients given orally 2-5 to SO 6m. This followed pre- 
liminary work in Avhich 3 rablhts were fed 3 to 5 Gm. of the porvdered tungsten 
metal and 2 dogs were fed 10 to 20 Gm. In no case Avas there eAudenee of 
toxic action. 

Waltner^ incorporated 2 per cent tungsten metal in tlie iMcCollum stock 
diet and fed this to 1- to 2-month-old rats. He stated that groAvth was some- 
what poor, but made no mention of conti'ol animals or of the duration of the 
experiment. 

The present Avork Avas carried out in order to determine the effects upon 
the groAA-th of the rat of extended feeding of Aurious IcA'els of poAvdered tunc^- 
sten metal. These experiments should give evidence of any marked toxic 
action of the tungsten. 

EXPERIAIEXT-AL 


Thirty-eight-day-old animals Aveve chosen from the College colony of mixed 
IVistar albino and Minnesota piebald rats. Each group avIs made np of at 
least 5 females and at lea.st 5 males AAith the sexes caged separateh- ^ 

For the experimental diet. poAvdered tungsten metalf Avas mixed intn 
diet of ground Purina dog ehoAv. Containers of diet remained in the 


•From the Deptvrtmcnt of rhysiolo?:>*. Medical Colie 
Uocevved for publication, February’ 3 , 1913 . 

^General Klecvric Company. Clevc-Iund Wire Work? 


so of the Shite of South Carolina. 
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cafre-s at all times, and a reeoi-d was kept of (he eon.siimiJtion. Tlie rats were 
weiirliod at intervals of ten days for a jierind of seventy days. 

At the end of seventy day.s. the animals were saerificed and (he jrastro- 
inte.stinal tfact.s were e.vamiried gimsh-. 

Ri-sui/r.s 

In Ta])lo I, averages for 5 males and for 5 females are listed separately 
for tiic control and the tliree experimental diets. TIic gain in weight, the diet 
eonsninj)tion, and t!io tungsten (W) consnin]ttion, each expre.ssed in grains, 
are listed for caeli siieee.ssive 10-day period. The values for the entire 70-day 
experimental period arc tlien summed. 

Taiu.!; I 


llorr CoNSOMi'Tiii.s' .\ni' Wiacair (;.\i.xia> I’ki: P.'.t 
(.\ vj;r..\ia,i> ron .‘'I’ivk.ssivk 'ri;s--I).\Y I’jaaons*) 



roxTnoLS 
mam: KKJtAM: 

ifAM: rr.MAi.K 

5tc w Durr 
.^r.\u: rir.'tAi.j: 

]07r w norr 
M.vi.n rrMAi.K 

Gain 

10 day.s Diet 

Tiiii'r.'itoM 

as 2t: 

120 no 

o.n 0.0 


10 3.5 

ion 130 

0.5 C.5 

17 20 

110 120 
n.O 12.0 

Gain 

20 days Diet 

Tungsten 

30 27 

no 120 j 
0.0 0.0 

oo 

130 idn 

2.0 2.0 

15 20 

ion 130 

S.O C.u 

37 20 

150 no 

15.0 11.0 

Gain 

.30 days Diet 

Tang.“(cn 

10 21 j 

110 no j 

0.0 0.0 1 

37 15 

130 100 

2.ti 2.0 

30 22 

150 120 

7.5 C.O 

11 1" 

150 no 

1.5.0 11.0 

Gain 

•10 days Diet 1 

Tung.sloii 

21 13 

1.50 120 1 

0.0 0.0 

20 12 

110 100 

2.S 2.0 

23 10 

100 no j 

S.O 5.5 

27 0 

100 no 

10.0 n.O 

Gain 

50 day.s Diet 

Tung.stoii 

22 11 
130 no 

0.0 0.0 

21 .S i 

no no 

‘'.S 2 2 

27 10 

1.50 no 

7.5 .5.5 

21 n 

I 150 TOO 

15.0 10.0 

Gain 

(!0 day.s Diet 

Tungsleii 

11 3 

no too 

0.0 0,0 

0 n 

no no 1 

♦» *» ♦> 1 

17 . 7 

no no 

7.0 .5.5 

n 1 

150 too 

15.0 lo.n 

Gain 

7(1 d.'iys Diet 

Tutig.stea 

!) (i 

130 100 

0.0 o.n 

12 

no no 

O VJ ♦» o 

In 3 

no 110 

7.0 5.5 

n 3 

MO 100 

11.0 10.0 

'J'otiil Gain 

Total Diet 

Total 'ruiig.steii 

1S3 no 

1 020 770 

1 0.0 0.0 

172 in 

TO.IO 710 

. 21.0 ll.S 

207 107 

1000 820 

51.5 11.0 

UKS 03 

1010 750 

lOf.O 75.0 


*.\U v.'iliics c-NprcHsed in enuns. 


No exlrava-sations of blood were evident in llic muc*ou.s mcmhranc of citlier 
tlic .small or large into.stine. 

DISCU.S.SION 

Over the seventy-day period, the tiu-ee tungsten diets were without ap- 
preciable toxic effect on the males, if growth is used as tiie criterion. The males 
upon the 5 per cent and 10 per cent 4V diets actually sliowcd greater total gains 
than did the control animals, Avliile the males on tlie 2 per cent diet gained G 
per cent less than the controls. During the cx])orimcntal period, each male on 
the 2 per cent diet consumed an average of 21.0 Gm. of tungsten ; on the 5 per 
cent diet, 54.5 Gm.'of W ; and on the 10 per cent diet, 104.0 Gm. of W. 

The female rats on the 2 per cent and 5 per cent diets showed normal gams 
despite consumption of 14.S Gm. and 41.0 Gm. of respcctivelj", oiei 
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70-day feeding period. Id the fcDDilo.s on the 30 per cent diet each consumed 
a total of 75.0 Gm. of W and pained 35.4 per cent Ic.c.s than the control.s. The 
75.0 Gm. of tunpslen eould not he utilized for nutritional piu-poscs, and since 
those rats consumed even less diet tlian did the controls, the reduced intake of 
nutritient material iiartially, at least, explains tlie .smaller pain. It neverthe- 
le.ss is clear that the 2 jicr cent. 5 per cent, and 30 per cent W diets did not 
exhibit marked toxic action. 

No extravasation of blood were evident in the mucou-s membrane of the 
small or large intestine. This diffei-s from the findings of Bernstein-Kohan, hut 
it is probable that the metal used in the present .study was more finely and more 
uniformly powdered than that u.scd by Bemstcin-Ivohan and thus mechanical 
injurj' was avoided. 

It should be pointed out that in this study the growlh of the rat is used 
as the main critei-ion of toxic action. It is not maintained that the gro\vth 
study alone will reveal all passible toxic action. 


SUMMAHV 

The feeding of 2 per cent, 5 per cent, and 30 per cent tungsten metal over 
a period of 70 days is unthout marked effect upon the growth of the rat, as 
measured in tenns of gain in weight. 

Each male of the 10 per cent diet consumed an average of 104.0 Gra. of 
W during 70 days and maintained normal growth. The females on this diet 
gained 15.4 per cent less than the controls and consumed 75.0 Gm, of "W. This 
was the greatest variation from normal that was observed. 

No extravasations of blood were observed in the gastrointestinal tract. 
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SrLl-’ATJIIAXOLH AND STAIMI VlAX'Dt ANTITOXIN IN 
KXrEUlMDNTAD STAI’IIVI/K.'OCCK' INFECTION* 


Eowaisi) .ST!;iNru;i,i), M.D.. Ei!vi.A\Vf:Ki. ano 

(.'ai!I!ii; E. Nash. ,M.T.. I’lUHAOKi.riiiA, Fa. 


B EI'^OHE IIu‘ iidvcnl oi’ flu'iiint li«‘ni(>y witli siiHoiHiiiiide ili'i-iviitivi-s sue!! ns 
sidfatliiiizolc and siddaliaziin'. flio lili'raliiro on stai)li\'lococi‘i(' hai'toroniin 
had foiK'orned dsolf iiiaiidy with i'oi'ins of si'i'olliorapy and the use of line- 
torioiiiiayo. Tlia rccog-nition of exofoxins wliicli u’crc ('apal)l(' of prodarin!! 
nian.v of tlie toxoinic effects of .stapliyhieoccie .siii)pnralion i)romi>tcd the use of 
sera coutaininir adequate ainoimts of neiitralizintr snhstanees a'^rainst these 
toxins. Tliese antitoxins have heen found particularly useful wiien toxemia 
ratlier thari hactcremia has heen flic impoi-lant .source of niorhidify. As S[)ink. 
Hansen, and Paine' liave iiointed out, tliere are certain iaetors u'hieh vitiate 
the eflieaey of sueli sera. These are in brief: (I) 'I’lie. ortranism may Iiave in- 
vasive properties witiiout much exoloxin production; (2) flic exotoxin if pro- 
duced may lie neutralized by the serum without eheclcinir the inroads of the 
liactoria: (.‘I) the usual .sernm thouudi eontainiu'r antiliemol.vtie factors does not 
contain antiiencoeidin substanec.s. \Vc airree in the main with these cogent 
ob.icctions with the reservation that thc.se methods .served their jnirpo.se in tlic 
jiast. This was particularly .so in suppurative proee.sses with to.xemia and onl.v 
intermittent bacteremia. The en'cctivene.ss of serum was jij'obably enhanced 
when other ad,iuncts were omjdoyed, such as bactcriojilmge, blood transfusion, 
surgical drainage, and general suiijiortive measures. We have had no exjiori- 
ence with Julianelie's rabbit .serum, which contains .specific earbob.vdJ-atc ])re- 
cipitins. 

The development of siieeific chemotherajiy has changed the whole a.spect of 
thi.s jii'oblem, since it has provided the research worker and clinician with 
ladicals capable of bacterio.stalic cfl'ect even Avith the disadvantage.s inherent 
in all these com])ounds of le.ssened jienetration into purulent foci. Spink ct al.' 
report on the re.sults of cbemotherap.v with sulfap.vi-idinc and snlfathiazole in 
staphylococcic bacteremia. Six of ten jiatients treated Avith snlfap.A'ridinc recoA-- 
ered; of nineteen jAatients treated Avith snlfathiazole, one died; one other patient 
died subsec|uently of myelogenous leucemia. They consider snlfathiazole supe- 
rior to either sulfanilamide or .sulfa])yridine and emi)ba.size the necessity of 
appropriate surgical drainage of ab.scc.sses. The use of combined methods of 
IrcatAnent is advocated by .Skinner and Keefer, = based on a study of 122 cases 
of staphylococcic bactereniia. They recommend antitoxin, blood tran.sfusion, 
surgical drainage of foci, and chemotherapy (sulfapyridine or snlfathiazole). 
They believe that recovery of the host depends on the lArcsence of three condi- 
tion's: (a) active and viable leucocytes and phagocytes; (b) antibacterial anti- 
bodies; and (c) antibodies to the toxins and leucocidin. Recently Kolmcr and 

tlio CIinic;iI IJaboratorie.s of the Jewish Ho.spUiil. nided by it prant from the S.dnej 
V Aloe Keseaicli lAind. 

fCaptain, U. S- Army Medical Coip.s. 

Hecoived for publication, Kebruary 10, 1943. 
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Browii'' linvc rc'ixD'lod on j'lH'Diotlionipy :nul (4i(Mnos(‘rotli(!i’<ii»> in 

stapliylofoccic inl’octioii. Mici* wore' inlVrlcd !)y iiilr.ivf'iioii.s in.p’flion o) biotli 
cultures; in addition, they also inoenlated rabbits witli brotli enltnio.s intia- 
vctionsly once a day for ei"h1 diiys in ord(!r to ereatc a soi)t,ie,emif; sta1(! 
analotrons to clinical int’cction. Intradcrinal infection of rabbits was also ])i’ 0 - 
(luced to create spreadin;^ lesions dm* to toxin forniation. I Insy concluded that 
there was a sli'Tht b\it definite increment of 1hera])onlic result with snllathiazole 
and serum contrasted with snlfathiazole alone. 

Wc have invest iijated the use of combined drnn and serum 1hera])N ol 
experimental stajdiylococcic infection in a small but statistically sijinificant 
sironp of mice. Hnlfadiazinc had not yet beam described when the experiments 
wove started, and we therefore confined our efforts to snlfathiazole alone and 
snlfathiazole comhined with s 1 a]>hyloeocens antitoxin. 


Table I 


Ciir.MOTmT.Apy and CnEMosr.i;OTiiri;Acv or Exi'Eci.mextal STAOtyi-ococcirs JxrrcTiox 


tt.e.itmext 

SIXm.V, DOSE (bUCO) 
O.At./KO. 


1»AY 

OK PKATH 




None (control) 

— 

© 

© © 
© © 

@ 

© © 

© 

(u 

© 

■J 

12 

Sulfntlnnzolc 

1.0 

5 

7 0 

© is 

12 

S H 

14 

c 

© 

■5 

8 

Sulfathiar.oto 
and scrum 

1.0 

0.5 c.c. of 

1:2 

4 

■! © 
17 18 

10 

H S 

© 

( 


8 

Serum 

0.5- c.c. of 

1:2 

© 

© © 

© 

© 

© 

17 


S = aiirsived. 

Kinpod numbers are animabM .^bowinK renal abHCe.ssoa. 


AtKTHODS 

Hale albino mice were injected intravenously by the dorsal vein of the 
tail nith broth suspensions of a vimlcnt strain of Siaphylocorens nurmx. Ap- 
proximately SOO million organisms were <rivcn in volumes varyin<r from 0.2 to 
0.3 e.e. The strain Avas supplied to ns throiiKh the kindne.ss of Dr. G. W. 
BarloAv of the Winthrop Chemical Co. and Avas of proAxd vindence to mice. 
We verified its pi"men1, hemol.A'sin, and coafpilase-producin"- propeilies. .Sul- 
fathiazolc in a suspension of acacia A\-as dcpo.sited into the stomach transorallv 
Avith a blunt needle and syrin're Avithin IjA, 7, and 24 hours, then once daily 
thereafter. The dosatie of the drn<r is "lA-en in Table I, and the usual hulk of 
material Avas 0.4 e.c. The ahsoiption of the dm" Avas proved by levels obtained 
on saerificin" a nnmher of control mice and poolin" the beart’.s blood. We 
Avere able to demonstrate a .Ica'cI of to ni". per tOO e.c. in ly., hours, which 
tiiongh not so bi"b as figures obtained by van Dyke et al.,' Averc eon.sidcred 
fairly adecpiale. Staphylococcus antitoxin Avas "ivon in the rear "luteal mns 
dcs in doses of O.o c.c. of a 1 :2 dilution al the same intervals the dni" 
Tins amount eorro.spond.sl to approximately tGt; international units fr.,. 

20 n,„. T,.« „ 

repeated in a small number of animals with the first dose .dven ohrhUr i ' 

bcf()V(> infection. The rcas.m for this will ho "i-o, i„ (b,. n; ' " 

results. ' '''■'^f'"s.s.on of the 
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Tin: jouiiXAr^ oi' r.A noit.vTOKv axd cmxicai, jiiidicixi; 


Alter (leatli, animals were exainiiiecl for ahseesses in llio kidneys ])arli(’ii- 
larly, as 'well as in oilier ormuis; enlUires of the heart's hlood were taken in 
those with indefinite or no ahseesses ami apfiroxinialcdy one-half of the olliers. 
Survivors were observed for twenty-one days, 

nnstri/rs 

In all, 120 iniee wore used, of wliieli 110 were selected in representative 
irroups .satisfactory for statistical puriioses. Animals whieli had died acci- 
dentally duo to trauma from the peroral in,ieetions were diseaialed. 

In the entire frrouj) of animals studied^ the mean survival lime of controls 
was 6.7 days, whereas in the "roups treated with sulfathiazole only and with 
sulfathiazole and serum, the mean .survival times wore 13.0 and 12.7 day.s, re- 
spectively, The survival time of animals whi<di received soiaim only was 6.5 
days; this is jiractieally identical with that of the control animals. These fijr- 
urcs were suh.iected to statistical analysis and are I'ccorded in T.ahle II. In a 
sinall representative series selected to indicate, these factor.s more clearly, it is 
noted tJiat one-third of (ho mice treated witli di'u" only or with dm*,; and scrum 
survived (Table I). Jjife was definitely ])rolon"ed ajid absce.s.ses noted in only 
two of those which succumbed. By contrast there were no survivoi-s in the 
controls or in the. seviun-trcated animals, and abscesses were almost invari- 
ably found. 

Table H 

CuEsiOTiiriary axd Cim.’iiosEcoTnEiary ix Kxpeui.mextai, STAriiyi.ococcrs Auiams 
IxracTio.v: .Statistical .:Vxalvsis or Entidk Gr.our 


TIlEATilEKT 

xo. or 

NICE 

ilEAX SUKVIVAL. 
TIME (pays) 

e' 

sTAKD.um nsnor. 
or AIEAX 

Xonc (control) 

ao 

(i.7 

2,24 

M 

Sulfatliiazolo 

.10 

IS.O 

0.7 

1.0 

Sulfatliiazolo 
and scrum 

so 

10.7 

0.7 

1.0 

.Sorum only 

so 

o.r> 

S.S2 

.Kl 


*iT ^ .Starul.'inl l)pvl;iU(in. 


DISCUSSION 

In common with other observers we found that sulfathiazole jirolon^ed the 
life of mice infected ndth Slnpln/Iococcus avreus and prevented the occurrence 
of abscesses in the majority of such animals. The properties of this drug (as 
well as the more reeentlj" dcvcloiicd sulfadiazine) are all the more notable, 
since the massive experimental infection is in direct contrast not only to clin- 
ical infection but also to chemotherapeutic oxjicrimcnts U})on jmcumocoeci and 
streptococci. In the latter instance small numbers of virulent bacteria are 
used so that cjuantitative ma.ss relations betAveen the chemical and the bacteria 
are in favor of the former with resultant sharp I'eadings. The disajipointing 
results Avith the combination of drug plus scrum and with serum only require 
further elucidation, Tlic potency of the commercial serum is assayed for anti- 
hemolytic action, and its dosage is standardized against the international anti- 
toxin unit established by the Iicaguc of Nations. It contains ample amounts 
of neutralizing bodic.s for aliiha cxoloxin, wdncl. is tlic important toxin in 
l.m.r-in infections; Iberc is also a fair amount of bota-neutralizmg antilioinobsm. 
The bitter hemolysin is the hot-cold hemolysin reported by most authors as 
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inca\ial)lc of hemoly 7 ,inir rabbit cells. Hoy,'’’ however, reports a bot-eold lysin 
wliicli hemolyzc.s human a.s well ns rabbit cells (Ic.sjntc its resemblance to the 
beta toxin of Gienny and Gtevens.' Tiic scrvnn also contains antibacterial 
hodio.s which should render it jiarticularly useful in experimental animal infec- 
tion. Under such conditions bacteremia is a more important issue than tox- 
emia. The time of administration is a factor to be considered, since Farrell 
and Kitching* found that tlie highe.st level of absorption in mice did not occur 
until twelve hours after intraperitoneal injection and eighteen hours after sub- 
cutaneous injection. As indicated above, tbis interval was tested in addition 
to the method used in the main part of the experiment without materially 
influencing the results. In addition, such prcliminaiT or prophylactic use of 
serum bears no resemblance to clinical conditions. We believe that sucb nega- 
tive results do not necessarily invalidate the use of sera in clinical infection in 
wliich toxemia, longer time clement, and reinforcement of natural immunity 
may tilt the scale in tlie direction of rccovciy. A suggestive factor in favor 
of the serum was noted, though it does not appear in the tables. Occasionally 
mice treated with drug and scrum lived on for several days to a week after 
cessation of treatment, whereas those treated with drag only sucemnbed vmthin 
a day or two after treatment was discontinued. One can speculate that the 
longer retention of seram created an increment of passive immunitj* in those 
mice which were not quickly overw'helmed by the infection. 


SPMilARV 

1. Sulfathiazolc administered perorally prolonged the life of mice infected 
with iSfccp/iylococcu.s aureus and prevented the occurrence of abscesses in the 
majority of such animals. 

2. The mean survival time of animals treated with sulfathiazolc was 13.0 
days. The mean survival time of those treated with sulfathiazolc and staphylo- 
coccus antitoxin was 12.7 days. The mean survival time of those treated rsith 
serum only was 6.5 days which was practically the same as control animals 
which received no treatment. The results were fui-ther analyzed hr sta- 
tistical methods. 

3. Animal experiments ruth staphylococcic infections do not entirelv 
parallel clinical experience. In the latter certain factors which are discussed 
indicate that staphylococcic antitoxin may reinforce the immune processes of 
the host. 
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(UEOTID SIM'S SVXnKO.MI']; A RIOI’OKT- OF TJlh’FF AODITIOXAL 
CASKS FKO.AI TJI'] CAKOlO[.0(iI(’A!j SKKVICK. I'. S. \'. A. FACILITV, 
COLC.MIOA. SOCTJf CAHOKIXA 


S. K. M.l)., ( ’OM-.MniA, S. C. 


H J‘jKIX' 0 in l!)2o concliisivcly tlciiionslrntcil lliiif rcilcx sltnviii'r of llie lic.'ii't 
niijrlit 1)0 hroiiirlit ;il)oul liy (•.•irolid sinus pi-ossuro. Aniplo oonlinn.'itioii li;ix 
followed. I’iirlienliirly elneidofivc* in lliis j-espec( w;is llie work of .II(>yiniins.‘ 
It wji.s only in i-ecenl yojirs, Jiowevc'r, lii;i( (Ik'.so litiiliniLrs were innde ;i|)|)Iie;il)Io fe 
niJin. Wei.ss jind I’xMkei’- in r<*por(ed fifleeii eases of an alnioi-inally sf'nsi- 

liv(‘ earolid .sinus residlinjr in atfaeks of syiieojic and eonvulsions. Forri.s, 
Capi)s, and Wc'i.ss’' in Ifki.”) reported aii additional tliirty-lwo east's. Sinee liial 
time mnnerous similar eases liavt* Itt'eii reported and note tlit* entity is nni\Trsnlly 
reeoiinized. but, unfortunately. fli<> role it may jtlay in tlie eau.s/ilion of ■‘'‘.vn- 
eojie and uneo7i.seioiisne.ss is not always borne in mind. The piirpo.se of this 
pajicr is to rt'jiort three additional ea.sc's, whieh were not diairnoseil until the 
patients were hos[)italized. 

< ! i:.v 1 .'li.i I . co.vsiDKii.v'r 1 1 ).\.s 

T( is fioiierally roeo'rnizod that the reflex are lit's within the autoiiomie 
nervous .system. The afl’ereiit pathways lie ehielly in tht' init'rearotid. the 
fllossoiiharyniueal. and the hypo'rlo.s.sal nerves; in addition, the va,!.nis and eer- 
vieal .symj)athotie ehains are also involved. Huey' lias beautifully reeorded the 
effects of intracranial .section of the <,dos.sopharyn.”:eal nerve on the blood pre.s- 
sure. In each insfanee of his four reported east's, a markeil rise in blood pres- 
sure resulted from such seetion. and this rise jx'i-sisted for several days. 

The motor iiafhways are wide.spread and vai’iabie. This factor alone 
jirobably contributes lar<re]y to the varied clinical responses. Thus in man. the 
vaijus nerve, the vasomotor dei)re.s.sor nerve.s, and the eentral motor pathways 
may be called into play, individually or eolleelivel.v, and the resiilfant clinical 
entity will depend upon the lU'edominaiiee of any particular pathway. Thu.s, 
the three types of .syndromes reeop-nized have been a typo, eJiaracferizcd 

by cardiac .slowin<r and asystole, followed by syncope and a convulsion; the 
dcj)rcs.sor tyjie, marked by a severe and often alarmiii”: fall in blood jiressure: 
and the central tyiie, in whieh no observable ehan;rcs in blood ]ire.ssuro or heart 
rate lake place to explain the .syneojie or convulsion. Commonly, the entity 
occurs in a mixed form and then it is most usual to chissify it according: to the 
most predominant finding. The ])nre depre.ssor type is probably the least com- 
mon Weiss” having observed it in jnirc form in only two ctiscs. 

Signs and symptoms other than .syncope are not uncommon. Abdominal 
manifestations are frefincntly seen, iircsumably due to a widespread autonomic 
discharge of the efferent limb of the vetlex arc." In order of frequency, faml- 
ing, dizziness and weakness, hyperpnea, pallor, bradycardia and a.sysfole, mimb- 

Kcccivcd ” f Vietllcal Director, Veteians' A<Iniini.‘'tr.'itioii. who ns- 

. opinion,'! expressed or the conclusions drawn b.v tlio aiitho . 
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ness and tingling of the ext vomit ie.s, convulsions, drowsiness, epigastric distress, 
laerimation. eougli, amnesia, and palpitation are listed by 'W-oiss/' 

Local disease of the carotid sinus has been reported in the majority of 
eases, and as a group, the ineidenee of eardiovaseular abnormalities was rather 
high in the reported eases. The average age lies in the fifth decade, but the 
youngest case rei)ortcd by Weiss" was 13, and the oldest 74. The three re- 
ported cases here lie in the fifth decade. 

It is a well-known fact tliat digitalis .sensitizes the cai’otid sinus I’eflex. 
and it should be used with caution in elderly patients Avho complain of spells 
of weakness or dizzino.ss. A ])ractieal point wliieh might be remembered is the 
danger of its use in eoml)ination with anesthesia and manipulation of the neck 
in the operating room. 

Stimulation of the carotid sinus is not wholly wthout danger. It is not 
wise to stimulate both at the same time. Marmor and Sapenstein'. reported a 
case of bilateral thrombosis of anterior cerebral arteiy following stimulation 
of a hyperactive carotid sinus, and Galdston® et al. repotted two eases of 
thrombosis of the common, intcnial, and extenial carotid arteries, a.s.soeiated 
with hyperactive carotid sinus reflexes of the other side. 


The treatment usually starts off as a medical problem, unle.s.s the attacks 
are so frequent and incapacitating that such treatment is not feasible. The 
general trend is an attempt at correcting all a.ssoeiated abnormalities Avherever 
possible. Constricting collars should be avoided. Emotional upset.s, wonw 
and fatigue should be minimized if at all possible. Reassurance of the patient 
mth reference to epilepsy and organic heart disease is adrtsable. Specifically, 
the vagal type often responds to atropine sulfate, grain three to foiu- times 
oaiJy, orally ; this will often prevent spontaneous attacks. Ephedrine, adrenalin, 
lenzedrine, and paredrine may be used in conjunction, in an effort to in-itate 
the ventricle, a state Avliieli is conducive to ventricular escape beats upon the 
oecurrence of the usual sinoaui-icular block. The dose of any of the above dnio-s 
should be the minimum necessarj- to bring about the de.sired effect 
d-n type may often be relieved with any of the sympathomimetic 

rln desirable. Ephedrine sulfate in 

OSes of 3^8 grain, three to four times daily, has been satlsfactoi-v. Benzedrine 
-- probably longer acting and tolerated better by some. The dose ran-^es he 
''oen 10 to 20 mg. three times daily. It is said that the side effects are’ less 
The cerebral type offers a more difficult problem. Here, nrime ’ 

nmst be paid to the a.ssoeiated. pathologic condition. Anv deficiencies must 

!« 'i™*- , Often surgical denen-atiou offers 

p n these eases. In anj case, however, sur"erv mav ti'i-i-o + i 
»«cd i, „.e medical ,hcra„y fail. The reaul’ta hal e bereo'd ' ! I T 
Rccul rences have been few, and an interc.stin" point in thic v u ^ 
'-■ought out by ^Yeiss"; namely, that tho.se patiel 1^^ 
rtuead neurosis, associated with a low basal metabolic rate i- 

poorly, and such condition is considered bv him a contraindir r 
intervention. ‘ oontraindiealion to siirsical 


ca.se reports 


^akk 1.- — ^Ir. T. A, li., « “o . ^ 

‘■'■'•p-nion. wa. for the fir<t Umc- to U.e yrtteJ VT''"’ bv 

oterans -tcimini.stration 


jr,r)0 


Tlir. .?Ot:i!N.\I, or I.AI«U!.\T<)UY AN'I> «'l,INIfA'l. MlMMOINK 


I'lii'ilily n( Solid. ( 'iiio!iii!i. I■^•llrllnry “(i, I'.dU', witii iin ;i<iiiiilliii;j iliii^IiioiiK iif 

‘ ■ soi/.iircs. ty|ii' lllll|(•ll•rIMiIl|•ll. ' ’ Tlic r.'iiiiily hi‘-tiiry ivns irri'li'iiuil. 'I'iiiTi' iv;is no liistory 
of cfiili'iisy or odicr lll■llroIl;•y(■Ili!ltIil■ i?isoriIiT.>! iii dio Iniiiily. Alodior <iii‘<l !i( llii‘ ui:v of 
7(i I'roiii "olil !ioo" !iin! jiiii'iiiiuiiiiu. I'litlicr ilii'il :it llio hoc <,f .S.";. Oiii! liriitlicr <li<;<I lit 
flic ape of of pncuinoni!i. 

Tlic past history inoliKicil tho usual cliiliihooil discaKrs. He Iiiul (y)ihoiil fever at the 
apo of 3.'). intluonza in lOlS, wis hospitalized in IPHll for “artlirilis.’’ Venereal disease 
U71S denied. 


Tie rvns seen hy me I'ehrnary 27, 3!il2, after lie had lieea referred for canliae eon- 
.saltation hy (he noiiroiisyehiatrie service. 'I’he hi.slory ohtaiaod rvns as follows: Tliere was 
no history suppe.stive of a diminished enrdiae reserve, (he piitient denyinp exertional 
dyspne.'i, deiieadent edema, paroxysmal iioetiirnal dy.spnea, and preenrdial or retrosternal 
pnin relnted to exertion. Uo was not n hnown hype-'tonsive. Tho /irst ritlnck of ay/irope 
occurred in Docembor, 3011, at whielt time he attempted to switch off the radio while in 
bed. Tiii.s necessitated a movement of his head to the ripht, and it was followed inmif- 
diatcly by an unconscious state, diirinp whieb, liis wife stated, both hands were drawn 
upward tow,ard the shoulders. 'I'here was no eonviilsion, nor was there any incontinence, 
and he did not hite his (onpiie. The next altael: occurred at 30:.'10 A.xr., IVhrnary 2(5, 3.032. 
while attompliap to put his riphl arm in the torn .sleeve of his overcoat. That was all Iw 
romemhored. Ife wa.s observed to have falh.'ii to the proiiad, injiiriap his face and left 
elbow. The ripht side of his Innpue was out. 

Physical cxamianlion at the time of admission revealed a well-develojicd, well-noiirisheil 
white male, weiphiap IfiS jioiinds, 7.'* inches tail. There were bruises and abr.ision.s of his 
face and elbow. Tlie lunp.s were nep.'itive. Plood pressure w.as IS.VSO, the rhyllim repular, 
.'ind no c.ardiac onlarpomcnt was noted. There were no thrills or miinmir.s. Arcus senilis 
w.ag present, and there wa.s peripheral arterioselero.sis. Pooniise of the snppcstive history, 
a carotid sinus syndrome was suspected by the cardiolopist, and, on February 27, 3D12, a 
preJiminnrj' c.varnin.ntion revealed the pul.«e to bo 72, blood prcs.iiire 32S/SI>, and the rhythni 
regular. IVhile in the sittinp position, sfimiiintion of the ripht carotid sinus made the 
patient dizzy, and he keeled over. The blood pressure fell to OS/GO. With this syndrome 
lus the probable diapnosis, other possible otiolopienl fnetor.s were investipnted by the enr- 
diolopical service. 

The retinal vessoks were within normal limits and there mis no evidence of increased 
intracranial pressure. The discs were clear. Tlic electrocnrdiopram revenlcd a repular 


sinus rhythm and a rate of 7.7. -MI QK.'' complexes were uprlpht. The T waves were nor- 
mal, and there w.as no sipnificaiit .‘'T deviation. The eouduelion was normal Ihrouphout. 
TIic interpretation was "williiii normal limits.” X-ray of the skull revealed no almor- 
malitic.s. X-ray of the chest revealed a thiokeninp of the pleura and some coar.se peribron- 
chial thickening in the mid-portion and bases of both binp fields. The aortic, cardinc, and 
diaphrapmatic shadows were normal. The rod blood count w.os recorded as d.Of* million 
with G7.5 per cent hcmoplohin on 3'’el>riiary 23, 30-12, and .'3.04 million with 7.3 per cent 
hcinoplobin on March .3, 3042. The smear was not remarkable. The white blood count was 
reported within normal limits. The .sedimentation imle.x was 23 mm. per hour (AVester- 
gren). The urine revealed .a specific gravity of 3.020 ami was entirely nonnal. The Was- 
sormann and Ivahn tests were nopative. .Spinal tap was performed jrarch 4, 3042. Tlio fluid 
was clear, the pressure normal. The plohulin test was nopative; there wore 2 cells per 
cmm.' the dextrose wa.s norm.al and the AVassennann reaction was negative. The Lange 
colloidal gold test was negative. Three basal metabolic rates were obt.aincd, vi-ith readings 
of minus 13 per cent, minus 21 per cent, and minus 25 per cent reported. 

On March 2, 1042, the syndrome was upain tested. Pressure on the right carotid 
sinus resulted in syncope. 'J'ho ripht .side of the face was pulled upward and the 
lost :ill contact with his surroundings and fell over 1o tlie loft. The blood pressure fel 
fromU 0/80 to zero? The rhythm remained regular .and did not .slow. 

On Afarch 3 ho was prosentecl to the Clinical Pathological Conference, Dr. J. Ho- 
ward Gibbes of Columbia, presiding. Following stimulation of the right carotid sb>f i 

, -rnll -from a level of 140/00 to 50/30, and the patient “passed out com 

pictely^' There was no change in pulse rate or rhythm. AVhen stimulation was stopped, the 
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roiuuiiioil ronftisod for ii fow iiKunonts :iTui Ilioti roturiuoi lo iiin tiftrniul Pinto, Annin 
the facp was <lrn\vn miwnnl on llio rinhl nnil lio foil to tlio loft. I’rcprnro on tlio Icfi 
carotid .'^inns failed to ropnlt in any nlon^rinnl ronotifm. )Io rv'.as j>lncod on oplicdrinc .puI- 
fste, "‘'i grain, twice a ilny, nml given one grain of thyroid daily, receiving no other medi- 
cation. He had no further .<i)ontaneon.p attaek.s while hospitalized. Sulise(|ucnt attempts 
at causing svneope failed entirely, 'i’he ]»ationt gained nine pounds in weight and was 
discharged March 2:‘>, H'l2, with instructions to continue the intake of cphedrine sulfate. 
The final diagnoses were: 

3, Carotid Sinus Syndrome, Right, with Syncope, Depressor T.vpc. 

Arteriosclerosis, Radial and IJracliial Ves.=cls. 

h'ollow-up; He again reported to me and stated that he suffered with a few more 
similar attacks, l>u^ admitted that he had not continued the cphedrine. 


Case 2. — Mr. AV. L. S., Reg. Mo. 20G32, a dd-ycar-old white male, was admitted for the 
first time to the United States Veterans’ Administration at Columbia, S. C., on .July 1.3th for 
the treatment of an upper respiratory infection. The family liistorj' was noncontributorr, 
except that one sister had died at the age of 44 of Bright’s Disease. He had the “usual” 
childhood diseases, and the remainder of the past Iiiston.- wag irrelevant. Sj-philis was 
denied. He used no drugs, nor did he use excessive amounts of alcohol. 

The history revealed that the patient contracted an upper respirators- infection re- 
sulting in hoarseness and cough svhich began three weeks prior to admission. During these 
paroxysms of cough he became unconscious, having had nine such attacks in the preceding 
three weeks. Two such attacks occurred during the first two weeks of adjni.ssion. 

Routine admission examination revealed a blood pressure of 146/76 and some arterio- 
-sclerosis of the radial vessels. A special eye, ear, nose, and throat examination by the con- 
sultant revealed an acute catarrhal pharyngitis and larvTigitis. He was seen by the neuro- 
psychiatrist, who found nothing of relevance. 

Blood and urinary- work-up were not remarkable. The AVassermann and Kahn tests 
were negative. Spinal fluid was normal and the pressure was not increased. X-ray of the 
skull revealed three unexplained areas of rarefaction in the frontal region. X-ray of the 
chest was negative. Electrocardiogram revealed left axis deviation, some slurring of the 
QR>S complexes and low T waves in all leads. Ko conduction defect was noted. The 
rhythm was normal sinus. 


He was seen in consultation by the Cardiological Service, at which time the following 
was noted: He had enjoyed good health and had no diseases of relevance until eight week.® 
prior to admission, at which time he “caught a cold” and suffered severe paroxv.sms of 
coughing. A tentative diagnosis of whooping cough was made by his local physician. He 
was not a known hypertensive, was never a congestive failure, and there was no hi.storv 
of coronary insufficiency. The first attack of syncope followed a conghing paro.xv.sm and 
occurred while the patient was in a sitting position. He lost comsciousness (he wa.s told 
this) for a few minutes. There was no generalized convuLsion, no loss of sphincterie con- 
trol, and he did not bite his tongue. He aroused in a few moments. Eight or nine similar 
attacks followed, and each was brought on by a short coughing paro.xysm. Xo voluntarv 
movement of the head or neck could precipitate an attack. 


The relevant findings in the cardiovascular examination revealed a normal-sized heart 
with a soft systolic blow over the aortic area. A-2 and P-2 were approximatelv equal 
The pulse was ,2 and the l.lood pres.surc 110/70 in the .sitting po.rition. The radial and 
bmclual vessels were soft and eompre.ssildo. Visualization of the fundi revealed mild tor- 
luosit^ of the vessel?. There was no evidence of failure. 


On Au^st 11, 1942, stimulation of the right carotid sinus caused n ^ 

attack. There was a complete asystole; no heart .':ound= at all were 

pressure fell to zero. With this definite elue, the entire procedure was repe^terand a^ t 
tancous first-lead electrocardiogram was obtaincrl. AVith the n-iMent ' ^ ^ simnl- 

oonsciou.-ness. The eyeballs rolled upward and he fell over to the left • i 

rapid following cessation of stimulation. Complete asv^tole frll was 

heart rate (Fig. l). asystole followed a slowing of the 
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vir 1 Patient W. S. Continuous tracing, I^atl I. slion-Inp tlio effect of “eotW 

the ton of this tracing tlirec complexes are noted, and at the ihiUcatcd po^. 
annliod on the left carotid sinus. Patient fainted, and the pressure ""s not 
pressure nas app constanOv. Note that folloa-ing- the a.sj-.stole there are four 
applied In tlie S-A node. At the arrotv tlie pressure was relcn^d and 

At first it was slow and later at a more rapid rate. 
actUltj re. applied, as indicated, and again there is a long pause, followed^ a 

right carotid slM^ J^as released at the point indicated and then reapplied 

occasional cojAi a rri,is was followed bj' a complete asystole and syncope and llnallj a co 
fo“''at iliI?lf point the ^ was again released. It Is noted that there are no nodal 
^ ventricular escapes. 



Z1 MM HUM AN : 


CAUOTin SlNl'S SYNnltOMK 


1553 


A short ^vh\\o Inter the richt eurotid sinus rvas stitmilatccl, and pressure for about 
thirty to forty scoonils resulted in loss of e.onseiousness anil a short clonrc convulsion, which 
lasted as lonjr as stimulation was continued and ceased soon after the cessation of stimu- 
lation of the ri;;ht eurotid sinus. The blood pressure fell, secondarily to the asystole. 

The diagnosis was; carotid sinus, syndrome, bilateral, with syncope, of the v.agtil type. 

The patient was placed on atroidnc sulfate, yjr,o grain three times a day, and was 
discharged soon thereafter, having been advised to continue this medication. He has not 
been heard of since his discharge on Sejitcmber 10, 1042. AA hether or not the upper respira- 
tory infection was the sensitizing fantor and the cough the trigger mechanism is unbnown. 
Certainly it appears likely that such was the case. 

C.i.sE .3.— Mr. L. ft., lleg. No. 2070G, a 52-year-old white male, was admitted for the first 
time to the ICnited States A'ctcrans’ Hospital, Columbia, S. C., July 20, 1042, complaining 
of fainting spoils of tiirce Years’ duration. ’Phe family histoiy was noncontributorj. He 
had the ’’usual childhood diseases,’’ typhoid fever in 1912, and denied an\ venereal 
infection. 



The historj- given to the admitting office revealed that he had "spells,” consisting 
of "shaking and swishing noises in his head,” complete blindness, and falling to the 
ground, for three years prior to admission. He stated that exertion brought on these 
attacks. Consciousness was regained soon after falling to the ground. He also complained 
of weakness, stating that he lost 30 pound.s during the two months prior to admission He 
stated that once the shaking had started, he could prevent the rest of the spell bv holding 
his head still between both hands. The remaining histoiy- was irrelevant. * ^ 

Examination at the time of admission revealed 'a blood pre.ssnre of m)/S0 The 
heart tones were recorded as faint, but there was no enlarnement r.., 

. “.“".top”; 

within normal limits. The AVasserraann and Kahn tests were jieentwl' ^ ’^ere 

civ-stal clear, under normal pressure, and negalUe in all other respects ' 
tost was negative. X-ray of the skull, lumbosacral .spine md hin. colloidal gold 

the chest was negative. Four-lead electrocardiogram was iri'thin nonnnrji” 
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He WHS Heen in ftinsiilliithin Iiy ilie ('iir<li(il(i;;ienl Si'cvii'f on An^iist IK, lit niiieli 
lime fiirtlior lii-iiory rcveiiled tlinl llioi* nftiii'ks I'onld Im 1)r<iii;;lil on by iiniistinl iiioveinents 
of the head. 'I’he fre(|neney vnrieil, Miiuetime.*; oecnrrilif' ns iiften ns tveo or three times 
per week, but UHiinlly not so often. 'I'liere was no Jii.siory of Idndder or reetnl incontinence; 
lie ni“ver bit his toni'in*: and he was never told tlint he had a "cnerali/ed eonvidsion diirinf; 
any of tlie.se nttnek.s. At tinie.s he .said he felt n.s thonf;h n lly were in his left ear. Xo 
history was obtained of coronary insiiflieieio'y nor of pre-i'.vistinK hyperlen.sion. 

Cardiac e.\nniinntion re\ea)ed no inerea.se in lienrt .size, repiJnr .sinus rliythni, and no 
thrill.s or munmir.s. Tlie first apical sound was recorded as ‘•poor.” A-2 aial P-L’ were 
cipial. Tliere was no peripliernl sclerosis and no evidence of conf,'e.“tive failure. The 
retinal ve.“sels were normal. 

Pressure on the riRht carotid sinus did not slow the heart rate nor reduce the hloml 
pressure, and resulted in no elinieal manifestation of syncope. Very little pressure on the 
left carotid sinus, of short duration, resulteil in complete asvstide, followed bv .syncope. 
(See Fijr. i',) 

A clinical diagnosis of carotid sinus .syn<lroiiie, left, of the vat'll! type, with syncope, 
was made. He was jilneed on atropine sulfate, by nioiitli. in doses of fj'n Krain, for a 
period of three weeks, had no recurrence, and was disehar"ed on ■‘•'epteinber -, 1!M2. He 
ha.c not been heard from since. 


SfM.MAltV 

3. Tlifce ettso.s of etimltd siiitis .syiKlronio. (wo of (he vtiyttl lyjto und oitc ol 
(lie depro.s.soi‘ type, tivo ropofUMl. Iti till, tiu'ilietil (foalnioiit .'ifTofiled .schk-’ 
relief. One of (lie ])a(ii‘ti(s wi(ii (lie depro.'vsor (ypp had im a.s.socialed l(»'v 
basal nic(aboIic ra(e. Ilis rc.s[K)iise (o inodica(ioii wa.s iio( rcliahit*. ito.ssihl.v in 
view of hi.s failure to dilitreiilly (tikt* (lie I'plicdriiio. The re.siilt.s with the vtititil 
tJ^^c cases have been more (•iicotirairiii;;. 

2. Jii all throe of (lic.se reported ca.se.s (he jtrc.sotiec of (he .sytidroim! "'iiK' 
easily ostaldished. In two (lie history revealed (he jireeipitatiip,: faetor, (o he 
an abnormal or sudden movement of the head and neck. In the third, the 
lialient learned thtit he eould avoid such an attaek by holdiiif: his head .still 
between his hands. 

3. The syndrome should he borne in mind in all eti.se.s of mio.xjihiined 
syncope, especially if a.ssocitifed wit It abnormal movements of (he head and nock. 
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ADDENDUJI 

Since the above paper wa.s .submitted for publication, Ibrcc more ciisc.s ol 
carotid sinus syndrome of the vagal type were observed. 
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Cask 1. — T)|P first wns Iii)tp<l in n 00 yrtir-olil XoRro tnnlf, :i rriilrotid worker by oeeujni- 
tinn, who lind nn ntt.'ick of iinconsriotiMiess of unknown ctmse niiout six years a^'o, followed 
hy nnmerons attaeks of (giddiness and ‘‘swimming sensation in his head. No further 
attacks of outrif'ht svncoiie oceiirred and on the outside he was dint;nosed as ha\in^ 
cnronar}- disease. When seen, he presented marked hypersensitivity of the right carotid 
sintiSj resulting in asvstole and svneope, lie was a known hypertensi% e, and electrocardio- 
gram revealed evidences of myocardial disease. Rccause of the fact he was not admitted 
for treatment, furtlier ohservsition was impossible. 

C.\SK 2. — The second case noted was in a ."irt year-olil wliite mtile, a textile worker by 
occupation, who was adnritted because of bilateral ileafness of the perception t)pe, with 
degeneration of the right auditory nerve. He had no spontaneous attacks of syncope, tind, 
when routinely examined on the cardiac service, he piesentcd a very definite bilateral 
carotid sinus syndrome of the vagal type, with asystole and syncope. At present, he is 
being treated with atropine sulfate, grain Virio* orally, three times daily. He has not been 
observed sufhcientlv to determine whether or not this w'ill be effective. Aside from some 
arteriosclerosis of the peripheral and retinal vessels, cardiological work-up was essentially 
normal. He returned subsequently, having had three spontaneous attacks of syncope. His 
response to atropine was poor, and he will in all probability come to surgery. 

Case 3. — A 72-year-oId white male, a known hyi)ortcnsivo and eoronary arteriosedcrotie 
cardiac patient, entered with a liistory revealing three recent, spontaneous syncopal attacks 
of unknown ctiolog>'. The ease proved to be one of extremely sensitive left carotid sinu-" 
syndrome of the vagal type with asystole and syncope. Atropine and ephedrine, in large 
doses, have prevented further spontaneous attacks. 


THE LXPLUENX'E OF ilUSCULAR WORK AXD FATIGUE OX THE 
STATE OF THE CEXTRAL XERVOUS SYSTEIP 


Er.vst Simonson, Xorbkrt Enzkr, ^I.l)., and Roy W. Benton, M.D., 

Hrr.WAi'KEE, Wis. 


INTRODUCTIOX 

'"T'lIE reciprocal relationsliip between muscular fatigue and fatigue of tlie 
central nervous system lias theoretical interest and practical application, 
^lost indastrial occupations involve muscular work as Avell as functions of the 
central nervous system. Hence, the development of general fatigue in indu.strv 
flepends on the influence of both swstems on one another. It would seem that 
knowledge of this relationship could be useful in military affairs, since there 
ai-e many occupations and situations in which fatigue of the central neiwous 
■Wsteni contributes to general fatigue arising out of muscular .strain or effort 
Concerning tliis (inestion. no experimc-ntal material is available, so that Ivv' 
>n a recent review states only. “As is well known, heavv muscular e.vercise 
intlucnces mental performance becausx- of the tendenev to fall asleep " It 
would he practical to know what amount of muscular work is necessarv 
pimluce a depressing effect on the central nervous system, how long tlm effect 
whether the type <,f work is an iuHuencing facto,-. F,.,,,,, theoj-e 

for iniblicallon. Kcbniao' 12. 15-ln, 
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'i’HK .lOintNAI, or I^AltOKATOHY AND CI.INICAO MroiCINi: 


ticjil point of view it would lu* interest ijijr to invest i^oite tlie nieehanism of the 
depress iiif: elVeet. Wliilc; tlie depre'^'-ion of tiie eenti'al nei'vons system by miis- 
eidar fatijriie lias been pein'rally aeeepted as a faet on tlie basis of subjective 
experience, little is known of the effects of sliort. moderate muscnlnr work on 
tlie state of tlie central nervous system; i.e., wlietlier .sbort, moderate muscular 
work exerts a stinnilatiiifr effect. The fusion frc(|nency of flicker .seems to be 
a metliod .suitable for tbe study of tlie inllnence of mnsciilar work on tlie state 
of tlie central nervous .system. Tbe fusion frc(|nency of flicker is tliat rate 
of succe.ssive lifrlit stimuli nece.ssary to produce an effect eipial to coiitimimis 
illumination. It dejiends on clironaxie, latent period, and refractory period 
of the visual .system .(retina, visual pathways, visual centers) ; tlieroforc, it 
indicates tbe e.xcitability of the visual .system, and i)erliaj>s. to a I'ertain dcm'cc, 
the excitability of the, whole central nervous sy.stem. it has been repeatedly 
demonstrated that •rcneral falifriic develops first in the sensory center.s.^^ The 
fusion frequency of flicker i.s depre.sscd in fatierne of the central nervous .sys- 
tern,"’ ^ in pafholofric falijrue of patients with hypoihyroidism,'' nr circulatory 
iu.sufiicicncy on the other hand, the fusion freiiueucy of flicker increased 
parallel to the relief of fati<rne in patients with hyi)o<r()iindism after treatment 
with tc.sto.sterone.' and in noriind .subjects after benzedrine" and pervitin.® 
Tlie fusion frequency of flicker can be measured with 'rreaf accuracy, and 
cannot be influenced by olTnrt or by Irainin;,'. 'J'lio (dfect of junscnlar woi-k on 
tlic central nervous .system probably depends on tlie i>Iiy.sical condition and 
sensitivity or resistance of the central nervous sy.stem of tin* individual subject. 
Therefore, equal eflects of a "iven standard type of work cannot be expected 
to result in difi'erent jicople. vSIiort, moderate exereise mifrbt produce a dc- 
prc.ssion of tbe excitability of tbe central nervous .system in a weak snlijcet, 
while a rather strenuous nin.scnbir effort miirlit fail to do .so in a stronjrcr 
subject. Hence, it would seem to be more jirojier to oxpre.ss the results of this 
.study in terms of distribution of deviations in a 'rrouj) of fi-f subjcct.s. kiaeli 
t\q)o of work mi{,dit increa.se the excitability of the central nervous system in 
some subjects and deprc.ss it in others. But a shift from prevailing stimu- 
lating efTeefs in the majority of subjects after sliort. moderate exercise to 
prevailing^ deprc.s.sing cfl'ccts after more strennons exorcise may be expected. 
Four clifTcrcnt types of work were investigated: 

1. Static work, wlierc fatigue is imllier localized. 

2. Sbort, moderate exercise (GO genuflexions), without fatigue. 

G. Pulley, for three minutes or Jintil fatigue. 

4. Running until fatigue. 

Although the performance of tbe.se dilfei’ciit types of work cannot be com- 
pared on a quantitative basis, it is clear tiial tbe cifort inereasos from Type 
1 to Type 4. 

' METHOD 


The fusion frequency of flicker was measured under standard conditions 
of surrounding illumination, illumination of the test patch, visual angle, light- 
dark ratio, and exposure. Direct current wa.s n.sed for the light source. De- 
tails'^ of method and procedure are described in an earlier publication.® The 
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fusion freqiienuy of ilieker was n)oas\irc(l before the exercise and Y^, 1 , 2 , 3, etc., 
minutes after the exercise. TIic fusion frc([ucncy was also measured during 
the static exercise, wliere the subject remained in the same sitting position as 
used for the determination of the fusion frequency. In the other types of ex- 
ercise, it was not im.ssiblc to do .so. 

Types of n-ork. — (a) Static exercise: The .subject had to hold a load of 
8 pounds with the right arm straight in horizontal position until completely 
fatigired. 

(h) 30 gcnullexions were performed within one minute according to the 
rhythm of a metronome. This exercise did not jiroduce fatigue, so that the 
subjects would liave been able to continue. 

(c) Horizontal pull with both arms of a pulley weight of 26 pounds at 
a rate of 20 per minute for women and 30 per minute for men. The stop 
signal was given after three minutes, but 16 subject.s ceased Avoi’k earlier be- 
cause of fatigue. 

(d) Running: The subjects were asked to run through a corridor of 
33.5 metere’ length back and forth until fatigued. Althougli they were imged 
to run fast, there were great individual variations of speed .(between 1.43 and 
4-19 meters per second), total di.stauce (from 201 and 737 meters), and time 
(from 70 to 300 seconds). There was no inverse ratio between speed and 
duration, so that the individual differences must be explained by different 
physical and training condition, and perhaps by different willingness to ex- 
haust themselves. If the subject did not break off the exercise earlier, the 
stop signal was given after 670 metei-s (Xos. 6 . 17, 19, 20, 29, 33. 39 , and 44) 
in one subject (No. 8 ) after 737 meters, in order to aA'oid too great differences 
in the amount of work performed. One subject (No. 16) broke off the per- 
formance after 80 seconds because of side pains, which occurred also in a 
second investigation after several weeks’ interval. Although the runniim ex- 
ercise cannot be regarded as standardized, it was for each .subject by far the 
hardest exercise test, compared to the other tests, “a”, “b”, and “c” Onlv 
one exercise test was investigated at a time, so that there was an inten-al of 
several weeks between the different exercise te.sts for each subject. The in- 
vestigations were performed at the same time (li^ hours after lunch). All 
results are given as deviation from the initial value before the exercise. 


The 54 normal subjects (25 men. 29 women) ranged from 18 to 38 rears 
The average age of the male subjects was 33.3 yeai-s, that of the female subjects 
"as yeai-s. All passed through a medical examination -md i i 

»b.,on„.l The heish, ,„e oT^r f e”’ 

e eet, l/g niches to 6 feet. 1% niches, the weight from 130 to ‘’07V noo 1 
The correspontlent values for the group of women are, HeW.t .h'feet’ 0 I , 
to o feet 91/2 inches, and weight from 111 to 14i;4 potindl Thov ’ ' 
ployed in sedentary occupations. Onlv a few (4 nien T 
training condition which could be considered a.s above^he ''' ® 

"ere participating rather regularly in athletic games or ever ' 
did so only occasionally, at greater inteiwals. or not at all T 

• -‘ti this respect the 
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experimental gronj) may be rejiarded as a fairly frood average of normal popu- 
lation. 

During the jieriod of investigations several subjects drojiped out. so that 
the total number of subjects was 5:1 for tlio static exercise, 52 for tbe running 
exercise, and 49 for tbe pulley exei-cise. At tbe end. test “b” (genuflexions) 
was repeated on 47 subjects. Thus, tbe experimental material covers about 
2,500 cletemninations of tbe fusion frequency. 


RKSULTS 


Table I .sbow.s tbe effect of the four types of muscular work on tlie fu.sion 
frequency of flicker, expressed as frequency of positive (stimulation) and uega- 
five .(depres-sion) deviations, absolute Us Aveli as in percentage of tbe total 
number of cases (column 21. Column ^ .shows tbe number of cases who re- 
sponded to exercise with only an increase, column 5 those who responded only 
with deerea.se. while column 4 .shows tbe cases wliei-e increase as well a.s deerea.se 
were observed during tbe recovei-y period. Column 6 shows all cases with in- 
crease, i.e., tbe sum of columns :i and 4. while colinnn 7 shows all ca.ses with 
depression, i.e., the sum of columus 4 and 5. Only in five experiments, muscular 
exercise ( genuflexions, pulley exercise) failed to produce a definite re.sponse; 
in all other experiments the deviations exceeded the experimental error. 
Table I shows that any type of exercise may produce an increase of the fusion 
frequency of flicker in some subjects and a depression in others, but there xvas 
3 pronounced shift of their di.stribution. The number of cases who re.sponded 
only ^rith increase (column .3) decrea.sed from 79.2 per cent in static exercise 
to 63.0 and 66.0 per cent in genuflexions, to 40.8 per cent in the pulley exercise, 
and to 3.8 per cent in the hardest type of exercise (running). Accordino-lv. 
the number of eases who responded only with dcpres„sion .(column .5) was lowest 
in the static exercise (5.6 per cent) and highest after running (75 per cent). 
The same inverse relationship can also be seen in columns 6 and 7. While 
increase after static exercise and genuflexions occurs in 85 to 90 per cent of all 
oases, a depression is observed in 96.0 per cent after running. These results 
iihow that muscular exercise may increase as well as depress the excitabilih- 
II.C ,l,e fact,,,, .espoaHible J ,Le atbaalatt.! cLJ 

Pi-evail in short, moderate exercise, while the depres,sing factors prevail in hard 
exercise. In iiiteniiediate types of exercise, such as the pullev exerei.se 36 7 
per cent show increase as well as decrease. The error of tlm percentaU of 
"loreases (colum n 6) and d ecreases (column 7) was calculated according to 

the formula ± ' where P, per cent = 100 - P, per cent .(Poll”). 

For the static exercise, the error of the percentage of all increases was -3 618- 
that of tbe percentage of all decreases xvas ±5.367. The cnrT-(.«r,r „ t ~ a ’ 
for Genuflexions I were r4.S32 and ±6.404, re.spectivelv • for 
=■1.873 ,6.783. ..aspecivelv ; f„,. ,„e H, 

icspectivcly ; for the running exercise, -=-6.005 and -=^0 699 ' :x/.069, 

lliat the prevnilmg incrasc ef the £i„i„„ 

. “iiLi Static e.xercise 
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and geiuidexions and the ])revailing: dcercase aftov running: are statistiealh' 
significant. On tlic othei' iiand. the prevailing of the pei’centage of increase.s 
after ilie pulley exerei.se is only a Icndency without stati.stical .significance. Sig- 
nificant are also the higii percentage of increases in types “a” and “b," com- 
pared to the low percentage in type “d"; and the high percentage of decreases, 
in type “d,” compared to the lower pei'centage in types “a” and “b.” It is 
interesting that the amount of work producing a depression of the fusion fre- 
quency is rather small ; in three subjects the speed of running was slow Csub- 
jects 1. 12, and 49), or the di.stancc was small (subjects 3, 12, 21, 22, and 49) ; 
nevertheless, a distinct depression was observed. Only a rather .short, modei-ate 
tA'pe of work produces increase of fusion frerpiency in the majority of nomal 
subjects. There was no direct relation.ship betiveen the fi'eriuency or the magni- 
tude of the increase in types "a” and “b” and the training condition. For 
instance, genuflexions failed to produce any distinct deviation in one of the best 
trained subjects (Xo. S). It is possible that the “moderate” type of exercise 
was too slight for this subject to provoke any response of the central nervous 
system. 


Table II shows the magnitude of the deviation of fusion frequency after 
muscular work. Only the maximum de\iation is considered. Column 1 .shows 
the maximum depression of the whole group ; column 2 .shows tJie maximum in- 
crease. The lowest depression is -4.4 after static exercise and increases to -9.6 
after running. Occasionally also, moderate type.? of work may produce marked 
depression. The upper limit of increase (column 2) is .smallest after runnin" 
(+8.0). The distribution ,(4) is given in inteiwals of delation from -10 to 
-8.1, from -8.0 to -6.1, etc., as percentage of. the total number of observations. 
The distribution of the values in intervals of distinct, but not extreme re- 
sponses, such as -4 and -6. and +4, reflect the tendency much better than the 
stray values of extreme limits (columns 1 and 2). The percentage of obseiwed 
depressions in the intem-als ~4 and -6 increases from type “a” to type “d ” 
so that for tj-pe “d” depressions ranging between -2.1 and -4.0 are about four 
times as frequent as for type “a,” and this is even more manifest for the in- 
terval between -4.1 to -6.0 deviation. Type “b” (genuflexions) was repeated' 
atter an interval of three months. For the second investigation onlv 47 subjects 
were available. The limits, averages, and distribution of increase and denres 
Sion are similar in the first (Genuflexions I) and second (Genuflexions ID in 
^estlgatlon. Tins shows that the distribution of values is rather constant and 
characterstic for the given type of exercise. 

Table 111 shows the duration of deviations of the fusion frequenev suh 
divided into two groups with durations of les-s or more than eight minuted ' The 
time of eight minutes is arbitral^-. The duration of the ^ i , 

minutes in ten to fourteen cases in n-pes “b” and “c ” wliil*^ fi ^ 

static exercise and only one case after runniiir.p,^ , 
e.xceeding eight minutes. The lower incidence o'f Dn-er lastfniT 
static e.xerei.se may be explained by the comparativelv sLall Im 
perfonned in this type of exercise. Also, the duration of f of ^vork 

^ght minutes in all cases after static exerei.se. and in of « Jes.s than 

Genuflexions 1 and 11. There are almost as many ^asef ■i;itfdT;rlTon.:t! 



]r)r)2 


Tin; .loni.VAn or i..\itoi:,\Toi;v and ci . ish ' m , .mcdicixi: 


(■pediii;r ri^'lit iiiinulrs ;i.s lliovc tluiii iiiiiiiilrs iil’Icr pulley exen'ise, 

while till' <iepr(’s><i<»ii lusts loiitrer Ihiiii eijrlit. iniiiiites in the majority of eases 
after nuniin'r. In sexa-ral eases, the values were still disliiietly riepressed .six- 
teen and nineteen minutes afti.T the exereise. A short, hard exervise may de- 
press the exeitahility of the central nervous .system foi- a rather proloiifred time. 

Xo relationshij) was fonnd between s|ieed. time, and elisl.'ince in nnmintr 
and the ma;.rnitnde <d' deviations. The deviations apjmr; nf l.v dejirnd at lea^t 
as nnieli on individual eonstilntional faetor.; as on the amount of worlc per- 
formed. 

T.Mii.i; lit 


Dra.vTio.v os Dkviatio.ss (ir rrsai.v v ns ft.icKci: ,\ma: Mr.seci..\i: WnsK 
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I'^ip'. 1 shows two t.\'pieal r('s()onses for each t.\'pe of (“.vereise: The short, 
imt jtrononneed. inenase diirin'r and after statie exendse. the jiroloiifred- dejires- 
.sion after rnnninp:. and the wavelike reaction after pnlley exerei.se. The re- 
.sponse after running is al.so wavelike; however, with the level below the rc.stin? 
value, while the waves oseillate around the restinj: valtie after pulley e-xereiso. 
Wavelike reactions also were ob.served on an elevated level after >rennliexion.s. 
although le.ss frequent.' Jt appears that stimulatin': as well as depre.ssing 
factors are jtresent duriii!: the whole period of recovery after exercise, reaehint: 
their maximum at different time.s. 


Our material (2.5 men, 2!) women) allows tlie compari.son of jierformance 
as well as of response ol' the fusion frccjuency between men and women. The 
compari.son of performance between men and women has some interest becan.se 
the material on this question is scanty. A dilfere'nce of the average between 
the group of men and the group of Aviimen was regarded to be significant wlien 
exceeding the value of 2V‘‘;il!'i" The average duration of static per- 

formance in 25 Jiien was 5.‘t seconds, that of 28 women onl.v 27 seconds. The 
difference (26 seconds) was highly significant, tlie value of the e.xpre.ssion being 
only 6.672. 

The pulle.v e.xerci.se was stopped after three minute.s. .so that no .statistical 
comparison of endurance is jiossible. The male subjects worked at a rate of 
.'50 per minute., the women at the rate of 20 pei’ minute, so that the ])erformance 
of xvomen was only % that of men. Tliere is .some evidence, howevei-, that the 
endurance of women was inferior also in this t.vpe of work. Out of 25 men, 
onlv three stopped working- before three minute.s because of fatigue, while 13 
out* of 24 women did so. although they xvorked at a slower rate. 

In regard to running exerci.se, the performance of xvomen was inferior in 
all respect's (distance, speed, duration). The subjects were instructed to run 


Srliwarlz”’ Ob.'servccl -wavelike responso.q of the fusion frequency of nicker 
after sUm^UanSn of the s?nse of taste, .smell, and after acoustical .stlmulat.on. 
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Fig. 1. — Typical effect of four types of muscular -work with increasing effort (a static 
exercise ; h, genuflexions : c, pulley exercise ; d. running) on the fusion frequency of' flicker 
(flashes per second). "I” means the initial fusion frequency before the exercise - ‘Tl” means 
the period of exerci.=e; during thi.s period the fusion frequency was measured onlv in n-ne 
a; "HI” means the recovery- period after the exercise. The subjects, from whom the 
are taken, are indicated bv their number.®. The typical response after short curtes 

(types a and b) is an increase of the fusion ffequenc.v, while hard exerci™ (1^^^^^ 
duces prolonged deprcs.sion. The fusion frequency is still below the initial level ^ 

Sixteen minutes after the exorcise. Moderately hea\T work (tvpe c) i^roduclV 
as drop of the fusion frequency. * ^ ^ uce. increase as well 
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fast, Init the speed was not regulated. Tlie average distance men ran until 
fatigue was 508 metei's ; that of women 331 meters. The difference (267 
metei's) was significant (2VSEi‘ SB;" — 66.224). The average speed of men 
was 282 cm. per second; that of women. 230 cm.; the difference .(52 cm. per 
second) was .significant (value of the expression: 20.72). Also the duration 
was significantly lower in women. This corroborates results of Jtletheny et al.,^ 
who found the average endurance in running at comstant speed on a treadmill 
half as much in a group of 17 women a.s in a group of 30 men. 

In all types of exercise, “a,” "e,” ami "d.” the performance of women 
was smaller than that of men. No significant difference of the response of the 
fusion frequency of flicker could he seen in these types. It must be as.sumed, 
therefore, that the smaller amount of exercise elicited the .same re.sponse in 
women a-s the greater amount of exerci.se did in men. In type “b” (genu- 
flexions) the amount of work was the same for men and women. The average 
tlewation of the fusion frequency of flicker after the exercise is -^3.36 in men 
and -r2.08 in women .(total of all experiments. Table IV). The difference (-rl.28) 
is somewhat smaller than the value of the expression (1.399), but both values 
are almost equal. Although the difference is not quite significant, there is an 
outspoken tendency to a higher increase of the fusion frequency in men than 
in women. The same tendency is reflected in the distribution of increase and 
decrease; 76 and 79 per cent of meir (Series I and II, respectively) showed only 
increase (column 3) after the exercise, while only 52 per cent of the women 
reacted in the same way. Correspondingly, 20 per cent of men and 44 per cent 
of women showed a decrease of the fu.sion frequency (column 7). 


DISCCSSIOK 


There are four pos.sible factors responsible for the de^^ation of the fusion 
frequency of flicker after muscular exercise. 

1. Circul<iiion . — The minute volume of blood flow increases during exercise, 
including the blood flow to the brain. In moderate e.xercise the oxygen demand 
of the brain is probably only slightly increased, so that the oxygen supplv to 
the brain exceeds the oxygen demand. This improvement of oxygen supply is 
likely to increase the fusion frequency of flicker. 

2. OxAjejen Uc&f.— The huge oxygen debt after hard exercise expresses a 
general oxygen want including the brain tissue, i.e., the general oxygen demand 
exceeds the oxygen supply. This deterioration of the oxj-gen .supply is apt to 
decrease the fusion frequency of flicker. 

It is clear that factor “I” will prevail after moderate exercise, factor “9” 
after hard exercise .such as running. This would explain the prevailin'^ increase 
of fusion frequency after moderate work and the prevailing decrease iTfter hard 


3. Ifedmfme of radiation of %'o)untarv impulses from tv 

motor centers to other parts of the central neiwou.s .sv.stem is -enerallv pc.-,. 
Tins radiation, for instance, i-s believed to he responsible for'the earlv sfinTT 
tion of the rcspiratoiT center in mu.seular exercise. The existence of im 
radiation can be .shown by the earlv increase of fusion ft-ai , ^Pub 
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Tin; .louHXAi, 01’ j,Ai»mAToitY and cianioai, mi.dhmnt; 


on.set oi‘ stntie o.verciNe in S:i per rent of iill (iliserviilinns. 'I’liis lime is loo sliort 
to aceounl for any eireiilalory fnelor. llmliiilion of si iniiilalion slioiild be 
iissunu’d also in llio oilier lypes of exorcise. altlion!,di it eannol be as readily 
demomi fated beeanse of ibe lintf'er ditvittuni of e.vereise and tiie later time of 
ineasnrcinent of the fusion fretpieney. Alllionirh radiation of impulses can be 
denionstralod only in the early idnise of exercise, before the possible interference 
of circulatory factors, there is no reason to lielieve tliat their existence is re- 
■stricted only to tliat period. Aecordin<r to Allen and Schwartz’s results, reflex 
stimulation or inhibition of the fusion fnvpiency of flielcer mifrlit lie observed for 
several minutes after acoustical stimnbilion. 


4. nadiatioa of inhihiltnit . — It. seems loyieai to assume a radiation of in- 
hibition as well as radiation of stimulation from the motor centers. According' 
to Wedenski’-'' and L'khtom.ski.’^ stronir .stimuli are likely to produce and spread 
inhibition to other parts of the nervous .system, while moderate .stimuli arc 
likely to radiate stimulation. This, too. would <-x]ilain the distribution of pre- 
vailing stimulation after .short, moderate exercise and of iirevailing depre.'-sion 
after running. 

The coexistence of nervous and circulatory factors would aia-ount for the 
complicated form of reaction (Fig. I) after muscular exercise. 

In earlier communications wo have sliown that snb.iec.live fatigue in l.vpe.s 
of work without muscular cflort iiaralleis rather clo.sel.v tin; <lepi’es.sion of 
fusion frequency of flicker, 'fhere is no reason to exj)ect such cIo.se relation- 
ship between sidj.jcctive fatigue and drop of fusion fretpienc.v after muscular 
work, because of the interference of muscular fatigue. Static exercise “a” 
was continued to -subjective fatigue: neverlhele.ss. it. i>rodue,ed an increase of 
the fusion frequency of flicker, jirobably because the fatigue is localized in a 
rather .small part of the central nervous .system and because the increa.se of the 
oxj'geii demand is very .slight. Certainly, the resjionse of the fusion fi’eipiene.v 
of flicker does not depend onl.v on the l.vpe and amount of exercise, but also on 
the state and condition of the centrid nervous s.vsfem. In other words, the re- 
action to the same tyiie of work will vary in the .same .subject when the con- 
dition of the central ncm-ous .s^■.stenl is altered. AVe have a chance ob.servation 
to support this view. In a male subject of tlT years the pulley exercise was 
iin'estigated two days after he had lost Ids father. lie was in a state of depi’c.-;- 
sion and fatigue (due to the lo.ss of .sleep during several preceding nights). 
The exercise depressed the fusion frcqnenc.v by -5.4 flashes. The test was 
repeated after two months, when the subject had overcome his dejiression and 
was in normal condition. At this lime, he responded to the e.xercise with an 


increase of -t-5.2 fla.shes, which lasted for more than eight minutes. 

From a practical point of view, tlic.se results indicate that a hard exercise 
of rather short duration may depress the .state of the central nervous system for 
a comparatively long period of time. This explains the depressed capacity for 
mental work or other occupations involving nervous functions on the back- 
o-round of physical fatigue. Perhaps, this also accounts for the increased 
Lcident rate in fatigue, because of the probable deterioration of alertness. It 
'em be concluded that in occupational work involving both muscular and 
nervous functions diminution of muscular fatigue will probably dimmish 
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fatigue of the ccuti'al iicvvous sysSteiu. Short, iiiodcrate exercise iiiaj jiiipio\c 
tile state of the central norvon.s system. This •would explain tlie favorable effect 
of gymnastics during rest jmuses obsei'ved in several indii.strial plant-s. About 
10 per cent of normal men and about 20 per cent of women, hf)we\er, ■Hould 
probably react with dcpre.ssion even after short, moderate exercise. Therefore, 
a selection for this procedure is advisable. The selection could be made by 
using the fusion freciuency of flicker. 

SCAOIAKY 

The reactions of the fusion frefiuency of flicker of 54 normal sub.iects after 
four different types of exercise of increasing severity (“a,” static exercise; 
“b,” 30 genuflexions; “c,” pulley exercise; “d,” running) were studied. Each 
exercise produced definite deviations of the fusion frequency of flicker. The 
majority of normal people (about 80 to 90 per cent) respond Avith an increase 
of the fusion frequency after static exei’cisc and 80 genuflexions, and rvith a 
decrease of the fusion frequency after running. After pulley exercise, about 
40 per cent of the sub.jcets respond Avith both increase and decrease. The magni- 
tude and the duration of the depression correspond to the severity of exercise. 
These results may explain the depressing effect of physical fatigue after severe 
muscular exercise, and the stimulating effect of short, moderate exercise on the 
state of the central nei'A-ous system. The endurance of Avomen in static exercise, 
pulley exercise, and running is significantly loAver than that of men, Avhile there 
is no significant difference of the reaction of the fusion frequency of flicker. 
The response of the fusion freciueney of Avomen after an equal amount of work 
(30 genuflexions) appears to be inferior to that of men. 


kefekences 

t- Ivy, A. C. : The Physiology of Work. J. A. AI. A. 118: 5li0, 1942. 

2. Simonson, E.: Der Heutige Stand der Thcorie dor Ermuedung, Ergebn. d. Phvsiol. 37; 

299, 19.35. 

3. Simonson, E,, and Enzer, N.; Aleasurement of the Fusion, Frequency of Flicker a.s a 

Test for Fatigue of tlie Central Xervous Svstom, .1. Indust. Hvg. Sc Toxicol 23’ 
8.3, 1941. 

Lee, R. H.: Critical Fusion Frequency of Flicker, Pub. Health Bulk Xo. 2(i5 lOn 1941. 

5. Enzer, X., Simonson, E., and Blnnkstein, S, S.; The State of Sensory and Alotor Centcr.« 

in Patients With Hj-pothyroidism, Ann. Int. Aled, 15; 6.19, 1941', 

C>. Enzer, X., Simonson, E., and Blnnkstein, S. S.; Fatigue of Patient.': With Circulatorv 
Insufficiency, Investigated by Alean.s of the I\ision Freriuenev of nicker Atui 
Int. Med. 16: 701, 1.042. ‘ j n. 

7. Simonson, E.. Kearns, AV. Ab. and Enz.er, X.: Effect of Oral Administration of 
Alcthyltcstosterone on Fatigue in Eunochoid.s and Castrates, Endocrinolotrv 28- 
.506, 1941. 

"V’ nTirl "Rl n nV oi »i ft ft » . a. . . 

ne) 
the 

10. Allen, F., and Schwartz., Al.;' The Effect of StimuiatroaTf the'sVns“es of Visi, „ rr 

24f’mriblT^ ' 'feioni J. Gen. Phvi^ok 

11 . Poll, H.: Hilfsmittel fuor die Erfolir.:statistik Klin n-, t. _ 

12. Afctlicny, E., Brouha, L.. Johnson. R. E., and Forbw. AV. H - Phv=ioIo'Z' 

Aomen and Afen to Aloderatc and Strenuous Exereis;, ini' J? ^,0^37':": 



1942. 

1.3. AA'cdcnski, X, E.; Die Erregung, Hemuiiing uiid Al-irko. 
1. 1903. 


192S, 

Of 

i.viiol. 137; 


e. Ar<-h. f. d. ge.-. Phycio], 100 

14. UkUtomski, A.; Excitation. Inhibition. nu,l Fatigue (Rus..), 


IIU, 



TIIK STGNIFICAxXCE OF KRVTirROCVTIC J’.SKUnOAG'G’LUTJNATIOX* 


Roiikut 1), RAiiK.vrm, Ciiicaco, lix. 


P SEUDOAOOLUTIXAa’IOX Is h (cnii used Iiy 'WiciicF to dosi'/itnlc ali 
lypo.s of crytlirneyfc likoly to oniisf confusion in llic clinic.nl 

(Icfcrniinjition of Mood •rronpinfr. Inclinicd under this form, lie list.s rouleaux 
fornuition and flie a^'f^i'ciration of cryllirocylcs widcli may l)o found in aued 
whole fluid Mood (‘'aufoair.Miitinatioir '). 

'j'lio .same term. jiseudoairMiitination. was nsc'd by Bai-nai'd* in connection 
Avifh a certain typo of ;i'';:rcuation olisiu-ved when cryihroeytes are acted upon 
by weak .alkali. 'J’his fyiu' <ir .'luuremition .'i{)t)(*ars to be ibie to a .s;iponitication 
of the ehole.sferol-locif hitiilcs of tlie stroma c;insintr the cells to .stick tofrether. 
If appears i)robable now that the ‘‘autoairulutination (d’ AViener and the 
airptrc'f'alion of rlf-positivc erythrocytes by the atjeney of aiUi-rll factor is of 
a similar nature, tluif, the i)henomenon may be pn)duccd by a variety of agents, 
and that p.seudoagglutination, as latterly described, is a lUTcursor to lipolytic 
hcmoly.si.s. For lhe,se rejt.sons, it is .sngge.sfed that the term, ])seudoagglulina- 
tion, be rcsoiwed for the specific prehemolytie ])roccss to be described, and for 
the pur])oscs of distinction and that of c.la.ssificatiou pseudoagglutination may 
be eonipared with the. other, better-known forms of erythrocytic aggregation; 
i.c., (1) rouleau.v and (2) siiecific hemagglutination. 

1. Ifoulraiix. — This is a i)hy.siologic proce.ss, having a deiinilc teloologic 
role in the maintenance of capillary circnlafion. The mechanism underl.ving 
rouleaux is a physical one, as jidmirabiy demonstrated b.v the experiments of 
Kegerreis.'’’ Roulea\ix ma.sscs iire unidimension.al, the coll aggrc'gatcs forming 
only by apposition of their hiconeave surfaces, and the jdienomenon, as would 
be expected from its j)h.v.sio]ogic nature, is entirely reveisilde. While this 
form of aggregation ma.v be seen maeroscopicall.v, its designation, as rouleaux, 
is a micro-scoiuc i)roccdure. 

2. Specific JIcmeKjuluiinotion .- — Tlie mcchani.sm of hemagglutination is im- 
munologic. The aggregates are tridimensional, the clumps forming by indis- 
criminate apposition of grou])s of colls. Thus in an agglutinated mass, a single 
cell may be in contact simultaneously witli man.v ot hoi’s, while in rouleau.x, 
no erythrocyte ma.v be in aggregated contact with more than two others, 
riemagglutination is a eomplctel.A' irrcvci’siblo iu’oce.s.s, and the agglutinated 
cells are morphologically and structurally .altered as cA’idenced b.v their sus- 
ceptibility to liemolytie agents. Tlic designation of an aggregation phenomenon 
as .a true agglutination may be made microscopicall.A’, but it is CA’cn more char- 
acteristic, AA’hen complete, on macroscopic examination. 

3. Psmdoagghdinaiion. — The mechanism appears to be chemical and to 
consist of a saponification of the ei-ythrocyte envelope. Thu.s, it can be pro- 


.TTrnm UjC Department oC Thei-.-ipeutlcs, Cock County Hospit.nl. 

turnon- sor, BlooJ Bank. Cook County Hospital. IflsC to 33. Present .uklrc-s.s 15.0 Service 
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duccd by dilnlo alkjilis or, more rapidly, by loliiene. Tlic role of the latter, as 
a hemolytic ajiciit, is by roaelion Avilh the, cboloslerol-lecithitides of the stroma. 
(Svodberg am] Nichols," 1027; Ibiniard,'- 1040.) The cell membrane beeomc.s 
stickj', and whore erythrocytes come into .iiixtaimsition, they tend to adhere. 
Since the greater proportion of contacts will be at, the eiveumfevcntial svwfac.e, 
psendoagglutinative aggregates tend to be bidinien.sional. Tins is seen best in 
niicroseopic preparations Avith alkali as prcA'ioii.sly described," and pailiciilarly 
if there are some cotton fibres in the field, the tendency of the cells to adhere 
to such fibres by their edges is clearly shoAvn. At the same time, changes in 
the cell inorphologA- under the infiuenee of the hemolytic agent is evident; the 
cells sAvcll, lase their l)iconca\-c shape, and gradually disappear along A\'ith 
liberation of the contained hemoglobin. 


TABi.r. I 



DirrKSF.NTi.ATiox or r,t:vTHi:oeYTic .vfior.KOATiox 

ROFI.r.M'X 

r.SF:ri)OAOfH.T;TIKATIOX 

nr.MAGOU.'TIXATIOX 

Arcchanism 

Physical 

Chemical 

Immunotogie 

_ Aggregates 

'UnidiTnonsional 

i Bidimensional 

Tridimensional 

Kcaetion 

Reversihlo 

Rcvcr.siblc or 
Irreversible 

Irreversible 


None 

Plusmolysis 

Crenation 

End Result 

None 

Hemoly.sis 

IIemoly.“is 
(in vivo) 


Microscopically 

Aticroscopically 

Macroscopicallv 


By adjusting the concenti-ation of alkali in Avhich the erjihrocytes arc 
immersed, it is possible to demonstrate varying degi-ces of reversibilitA' for 
thi.s process. Extremely dilute alkali (1 to .3000 NaCN) A\'ill induce a type of 
aggregation remarkably similar in both microscopic and macroscopic aspects 
to that produced in rH-positivc er>-throcyte suspensions by anti-i-H sera. Such 
aggregates may be broken up, after their formation, by Augorous acitation 
Again, if .such a suspension is allowed to settle in a test tube at room terapera- 
tttre, or if it is centrifuged, all cells are aggregated into a solid mass, but if 
the treatment be not too prolonged, the cell masses may be broken up by 
agitation. Since this sequence may be duplicated frequently in reaction mix- 
turas of rH-positivc cells and anti-rll sera, the concordance in their behavior 
betAveen two supposedly diverse agents leads to the belief that, if pseudoafrciuti- 
iiation is a precursor to hemoly.sis, the anti-rll factor is a be.moly.sin rather a 
Inic agglutinin. It remains to prove the major premise; the pseiidoa^'dutina 
tion is indeed such a precursor, and to this end Ave have studied thc'^p.seudo' 
agglutination produced by dextrose and that appearing .spontaneouslv in arred' 
stored blood. ‘ ’ 


THE EFFECT OF DE-XTHOSE OX EUYTHUOCVTIC AGOREOATIOX 

Pendleton--' reported an agglutinative action of concentrated dextrose n. 
sucrose solutions on human crylliroeyte.s. Such an aefion Inr i 
explain certain reactions oeeurrin" duriim the intravenous ’• ^'"kt 

solutions. At the Cook County IIospilaI,%vc have routinclv^JmprAX 1 
as a storage medium for blood for transfusion and had BetinitTly 
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Tin: .loi'ii.vAi, ()!• i,.\i«>|{at()i:y and <'i,iN’jCAL iii'.ntcist: 


I lull- <’(HU'<‘itl rut idtis of (Ic.K( ivisi' u|> lo Ti per ccip (lii^rhcr (lum ('oulil (‘vcr he 
Kuslainod in vivo’) wen' withnul <iny cibvintis ofi'nct mi slmr-d hlnud or its ('rytliro- 
('ytos.^ "Wo Jiad in fad dcinonsi rab'ij llial. soiiHiwIial liitrlior cmiccnli'afion.s of 
dextrose (12 to 20 percent) eoinjdctely inliiliiled the a'i'rJufination of crythro- 
cyte.s liy thrir own lype-speei/ie .seriini and tlial Diis ijiliibilion was reversible 
in tiiat the cells could lie aiijjhitinalctl when )!i(> concentration of dextrose was 
reduced. The inlniiiiion of tlie interaction hi'tn-ecn .siiccilic }iejna'r';lutinin atid 
lieniae^lutininofren (for this is- what the action of dextrose proved to lie) was 
/na.sK'cd in doxtinsc concentrations above 20 pm- cent by tin- phcnoinenoii that 
Pendleton descrihed. a phenomenon whicli lias all the cliaractcristic.s of pseiido- 
a'jolntination and is invai-iahly followed i»y licmolysi.s. 


v.si;rDnAnf-,i.t-riN-.\TioN nr riivTiiuoryn-.s i.v Acri). .sToina) ni.oun 


The blood bank has afforded tin' opportunity for oliscrvations on a lartro 
number of .samples of stored, cilrated dextrose- whole blood with rctrard to their 
teiuloney toward pseudoatrirhitination and hemolysis. AVhile there is a cmisider- 
ablo difference lietween individual .samjdes in the rate at which either of fhe.se 
filienometia make (heir ai>pearanee. (here is a dislincf correlation belwi-en the 
two in any sinde .sjieeimeii. After from one to twenty da.vs of refriireralion, 
without ajritation. the corpuscular layer will be a tlark blue-violet color. 
While file superiiatanf pla.simi may .show no evidenee of licmolysi.s. it may have 
iieeii proeoodiii'r for .some time in the eorpusciilai- la.ve)-, and the evidenee 
thereof may have heen eonfined to the eorpirseiilar la.vm- beean.se of tlie low 
rate of difl’iision of lieinodobin. If the cells in siieli a .sample be .sn.sjionded 
l).v gentle agitation, on tlicir re.settleiiient, free licmoglobin will bo evident in 
the pla.snia. Such samples siiow many p.seiidoaggliilinalive agirregafe.s. 

Since hemol.vsi.s is present in the.se .samples and may e.scaiie detection, 
except, b.v allowing an inspcelion of the plasma after i-esiis-pension of tlic eor- 
pusele.s, the need for ins])oetion, in this manner, of stored whole hlood.s. before 
they are used for transfusion, is obvious-. 

Tn the main, samples of blood whieh showed earl.v hemol.vsis would like- 
wise show carl.v irseudoaggluf inaf ion, and this fiai-allcli.sm is carried ov-ei- to 
bloods whieli reacted iiositivcly to the .serologic tests that are .siijipascd to be 
diagnostic of s.vjdiilis. Naturall.v these. sam])lcs were never used for trans- 
fusion, even for a known .s.viiliilitic pro.speelivc recipient (on the ibooiy that 
although it wa.s not iio.ssihle to give an individual more .syphilis than he already 
has, he might he given a different kind), and c-onsequcutly were sub.icet to 
oliservation over a long period of lime. Ourimisl.v enough, in serologically 
positive blood samples, both pseudoagglulinalion and liemol.vsis ajipcared to 
he markedl.v delayed. 

It is true tliat miwy bloods exhibited gro.ss liemol.v.si.s which seems to have 
occurred .spontaneously in the .stored sample.s willionl. showing any pscudoag- 
c-lutination, and the converse is also true; that sample.s exhibiting marked 
pscudoagglutination might show no greater tendency to liemol.vzc in tlie stored 
condition than unaltered bloods. In certain aampies, the corpmcics will not 
'mix diffusely with the plasma on agitation, but will swii-I around in large tailed, 
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<Iextros<* aceelcmfcs or t)io appear- 
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(liseoid masses. Ihc Itiiliniensional nature of Avhicli is apparent mafroseo]neally. 
These masses we formerly refei’retl to as “elots" until they were, foniul to lie 
devoid of fibrin. Tlie fihrinoiren was .still ]»re.senl in nndiminished amount in 
the plasma, and these asr^reixations showed, mieroseopieally, all the eharaeter- 
istics of ixseudoagglntination. Before the nature of this aggregation was 
appreciated; because the erythrocyte.s could be separated by continued agitation 
and because the samples showed little or no hemolysis at this .stage, some of 
thc.se bloods were used for transfusion. The practice was discontinued because 
of the high incidence of severe hemolytic reactions. 

From a practical standpoint, therefore, the presence of pseudoagglutination 
in a blood sample precludes the use of that sample for transfusion even though 
hemolysis may be absent. The pseudoagglutinated ei'v'throcjie must be re- 
.garded as a potentially hemolyzed one, and the clinical significance of p.seudo- 
agglutiiiation is identical to that of specific hemagglutination in incompatable 
blood. 

SCMAIARY 

The term pscudoagglutination is restricted to a phenomenon observed in 
erythrocytes which have been acted upon by lipolytic hemolysins. Criteria arc 
•set up for its distinction from rouleaux and from specific hemagglutination. 

Toluene, high concentrations of dextrose, and anti-rH factor action produce 
pseudoagglutination, which likewise appears spontaneously in stored whole 
blood. 

Stored blood samples which show positive serologic tests for sj-philis appear 
to be more resistant to spontaneous pseudoagglutination and hemolysis than 
do serologically negative bloods. 

Pseudoagglutination is a precursor to, or a manifestation of. the initial 
stages of hemolysis by lipolAdic agents. 

Blood samples which show pseudoagglutination, even without manifest 
hemolysis, are unsuitable for transfusion. 
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TItK OC;CUUUENOH OF A DOUliEE ZONE FllENOMEN'OX IX 
AXTIHr.MAX TISSFE SEKT'M® 


AnOKII-SON XkTTI.Iv^IIH’, Amsti;i!»am. X. Y. 


IN'TItOIM’CrnON' 

D UmXO a "roup of oxi)(*rijiicii(s in Avliicli unpcrfiisrd noniial liiunaii kid- 
ney was in.ioo,tc<l into diieks. the duek senuii was found (it eon(:iiu anti- 
bodies ayainst iiunian itiood serum. This was uo( a?i uiu'xpeetod re.sul( sinee 
the original material (anti'ron) eontained some wlmle serum. Preliminary 
jirceiltitin tests, howovi’r, showed such a well-de/ined double zone it was con- 
sidered imjtortaut to clarify its oeeurrenee and if jtossible relate it to the jn'o- 
tcins known to e.vist in human .serum. 


.M.\Tia!t.\ns and K.vmaunn.vrs 


X’ormal humau kiduoy.s from acutely fatal trauma cases, in peivons under 
tlie ago of 40, showing no gi-oss or microscopic clianges beyond a mild degree 
of cloudy .swelling, were removed within four hours of death: cajtsule.s striitited, 
and the kidney cut in long tliin .sections and frozen for twenl.v-four lioiu?!. 
After the pelvic fat was removed and the kidney ground fine, the pulp was 
su.spcnded in minimal normal .saline. Following an eight- to twelve-hour fat 
extraction (ether) in (he cold, the water .solution was jtrociiutated with an 
excess of 80 per cent cold acetone. This jireeijiitate, when resu.sjiended in nor- 
mal .saline, proved fairly .soluble. This preei))itate was u.sed to inject intra- 
venously (3 c.c. to 4 in.iectious) and intramuscularly (4 e.c. increasing to 
10 c.c., 5 injections) in continuity every third day into adult Canton duck.s. 
The fowls were bled on (he tenth day following the last injection; the sera 
from 4 ducks were pooled and titrated against, the following’.- (1) whole 
human blood ju'ccipitatc (prepared similarly to the kidney i)reci]ntato exc.ei)t 
it had no fat extraction), (2) normal human .sera, (3) whole .scnnii j)reeipitatc 
(acetone precipitate in .saline suspension), (4) erythrocyte cell .stroma mate- 
rial, (5) hemoglobin, (0) globulin-free (Na^SO^ precipitated) serum. This 
wide variety of blood constituents was utilized in hojics of finding out. what 
blood constituent was brought down in each preci]ii(in zone. Results arc given 
in Tables I, II, and III. Explanation of tables: 


The antigen dilutions iverc made by mixing the antigen iiith normal saline, and 
diluting. Tlic tests were run in 3 mm. diameter tubes, first putting the duck sennii in and 
then the antigen with a capillary pipette. The tabes were water bathed four hours at 
37 5° Centigrade and iceboxed over night. Headings wore made in a reflected liglit against 
a concave mirror. In spite of attempting to layer tlic .solutions, tlioy did mix to sonie 
extent. Bcsults arc read from 0 to + + + + and where tlicre was a ring it is sliowu liius ++ . 


^ by title, before the American A.s.soclatlon of P.atholoRlst.s .and Bacterlolosists, 42nd 

Annual Melius. ®4's^to“ne whHe” the author"ivarDirector of the MontsronieiT County Labora- 
. At n?esent Passed Assistant Surgeon (R). U.S.P.H.S., Bethe.sda. JId. 

° Received for publication, Febniarj' IS, 1943. 
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TABt,E I 


Whole Human Blood Precipitate (Antigen) Titrated Against Antihuman Duck Serum 


DIL. OK 

AXTIOKK 

1. 

0 

0 

0. 

4. 
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+ + + + 
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Table H 

ICop.Af AL Httaian Serum and Seru-m Precipitate Suspension Titrated Against 
Antihuaian Duck Serum 


DXL. OF 
AXXIGEX* 

1. 

2 , 

3. 

-DIL. OF 
AXTIGEXf 

1. 

.030 

.021 

.020 

0 

+ + 

X 


0 

.019 

.018 

0 

+ + 

+ + 


0 

.010 

.015 

0 

+ + + 

+ +® 


+ + 

.014 

.013 

0 

+ + 



X 4. X X 
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+ 

0 
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0 
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0 
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0 
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.003 
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X X 
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X X 

. 0 

X X® 


X X 
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0 

0 
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0 
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0 

+° 
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0 
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0 

.0005 

0 

J _0 
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n 
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.noni 


•Norninl Inimnn .*;priini. 
lAVhoIo Foruni pr#:cipiUit**. 


2 , 


0 

0 
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0 

0 
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0 

0 
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0 

0 
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0 
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0 
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Tahu: III 


F,’i:ytiii:oovti: Stkhma, A\'ri Si;ut‘M TniiAit.ii Acjain'kt 

A.vtimi’ma.v I>r('K Si.’cr'M 
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*I'>.vtliri)C,v|i' ftioiMii. 
JSr'i-am itUmmlu. 


i>isci:ssi()N 


Tlio cluck .sci'Uin Icsicd ('(nitninocl n fri'uuji of luujoi- imlikotlics ji,ir!i'm.st 
iicy suhstiUK'c, wliicli aiv not cliscusscd lici’c. ainl minor antibocVu'.s. Tln-sc 
minor anliliodies, in varyintr dilutions, seemed to conliiin two entities, each 
with its distinctive optimal zo?je of jm-eipilaf ion. When tin* dnek .'Upilmman 
svnirn eras matched a'rain.st avIioIc Idood precipitate, .serum j)reei})itatc', or nor- 
mal serum, the douhic zone made its appearance, lied cell stromas (tm.ssihly 
globulins) cave a single i)rcci])itin zone as did iiemofrlobin. Tlicir i)rceipitins 
occurred in the zone of lower dilutions. Contrariwi.se, a <rlol)ulin-free .scrum 


^avc positive precipitins in liiirlicr dibit ion.s. The precipitin reactions a.s seen 
from the tables were not ahva.A-.s too clear cut, indicat injr that the ])rcci])itin 
method is more .sen.silive than tlic jihy.sical and chemical methods used to divide 
the. compounds. j\s nearly as can be a.sccrtaincd from pnbli.shcd chemical 
data, the serum "iobulins arc the lar«:er, heavier molecular weisrhl eompounds, 
whereas, scrum alhumins are the smaller weight molecules.* These data, Avben 
flUed into the present preci])itin system, show the larijcr molecular conpiouiuls 
combinin'^ in the lower dilutions, the smaller molecular wcipflit compounds 
combining in the higher dilutions. Even though the antibodies arc in the 
same soMion, optimal zones of precipitation make their separation jiossiblc. 
The method may bo useful in separating out unwanted antibodies Avhere sjie- 
cific ti.ssue-antibodies are to be .studied. 


7 ,1 >p ,ini1 Rrlk'sson-Qucnsel. 1. B. ; Tabulae UloloKical 

,, 0 ^' n;? Quotea’f?on Solu„U?" 6. B. A.. The Ohemiatvy of the An 
^J,?insad.i, 1938.' Charles C Thomas. 
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SBMMAUY 

Bccjivise oL‘ optimal procipilin coiHlilions, i( was j)ossiblc to discovov, in the 
minor antibody "rouji of duck anlibviinan kidney serum, a double zone phe- 
nomeuoiA. This pbonomcA\ou appeal's to rest upon the dift'ereutial eiiemical 
stmetures involved. Tlie bi"ber molecular weight substauce.s, the globulins, 
eombine in the zone of lower dilutions. The smaller molecular weight albumins 
combine in the higher dilutions. 


HEMATOLOGY OF THE PERIPHERAL BLOOD AND BONE ^lARROW 

OF THE DOG^ 


Edw.vru J. Van Loon, Ph.D., and Byron B. Ci..\rk, Ph.D. 

Ai.bany, N. Y. 


AYith the Technic.u, Assi.stanch of Dorothy Blatr 


N OR.JIAL values for peripheral blood of dogs have been reported by a num- 
ber of investigators''^’ (and others) : however, the available data is stiU 
eomparatively small. Only three reports of differential bone marrow counts 
were found.“''® In the coiu'se of several investigations considerable data have 
been obtained on normal values for peripheral blood of the dog together Avith 
.some observations on bone maiTow, and we are presenting a suramai'A’ of this 
data. 

METHODS 

Adult mongrel dogs of both sexes Aveighing 8 to 25 kg. were used and all 
received our standard kennel ration. The animals were trained to be tied doivn 
and were allowed to remain quiet for some time before 'withdrawinsi the blood 
.samples, which were obtained from the femoral arteiv- at approximatelv the 
.same hour of the morning. A mixture of dried ammonium and potassium 
oxalate was used as the anticoagulant. The blood was dran'ii into Thoma 
certified pipettes and diluted with Hayem's solution for the eri-throcA-te counts 
and 1 per cent acetic acid solution tinted A\-ith gentian violet for the leucocAdf^ 
counts. After hand shaking the pipettes for at least three rainntc.s, a few drops 
Avere discarded, the hemoeytometers filled (certified LevA'-Hausser ciiambers with 
Ncubauer rulings), and duplicate counts A\-ere made. 

Smeai-s for the leucocyte difterential and reticulocyte counts Avere made 
initially by both the slide and coverslip methods, but the latter is now used 
exclusively since a better di.stribution of cells is obtained. Tavo hundred cells 
were counted for the leucocyte differential. Tlie sineai-s for reticulocArtes wer 
prepared after staining Avith brilliant cresyl blue, and at least .500 red cells wp. 
counted. Occasionally the wet mount technique Avas emploved Mh-irrht 'e f • 
A^sed for the leucocA-tc smears and for counterstaining the reticuloerte 

rnho^^rr rny.MolosA- I>harx„acol 0 K-. Albany .Alodical Cotlego U • 

for iniblicalion, ^Irirch 1. 19 -J 3 , 
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Tin; .TOtlHN'AI, or I.AIIOIIATOHV ANT) CMMfAl, Mr.DIlTNT. 


sinojirs. voliinu" wiis < 1 ('t(TTiiiii(‘<l hi iliiplic.Tir willi Winirobo IuIk'.s.’' 

II(‘ino<:loI)in was drfiTTiiiiird Iiy (hr Kwlyn spi’clruiilioluinctrir iiictliofl.’' 

Bono in.TiTow .siuniilos win'o ohtjiiiioil hmiiodinloly followiiiy s.'iorilloo of tlio 
;niiiii:il.s. 'J’lirt'o difforont iy[)c.s of j)ro|iiir.Tlion.s u'oro nindo: (1) TnTiisvoi'so 
.seotion.s wore sawod from tlio nppor fhird of iho fonuir, and llio iiiarnm' was 
shollod out of tlio bony riny. tixod in Zonki-r’s formalin, sootionod. and staiiitd 
witli liomatoxylin an<l oosin. (2) Jiniirossion imprints woro mado from foiiitir 
marrow tissno and stainod with Wriylif ‘s or (JiiTiisa’.s stain. (.‘5) .Marrow 
samples extruded from riii seetions were dilntol wilii liojiarin or iieiiarinizcd 
.serum, eover slips smears ]>repared, rapiilly dried, and stained with NVriyht 's or 
Gicmsa's slain.'" DifiVrential counts of .oOf) or lOtIO cells w'ere made on the two 
latter types of jireitai'alions. 




j.’lp, j. — FreqiictiO’ lil.'itocrnin.M of t)ie licnmtolop.v of SI Ooks. 


KESUM’S 

Our observations on peripberal blood were made on 81 dogs and include 
207 eiytbroeyle counts, 120 reticulocjie counts, 203 leucocyte counts, 19[> de- 
terminations of cell volume, 198 detenninations of hemoglobin, and 19G differ- 
ential leucocyte counts. The observalioms on most individual animals were 
made during a period of one to two months j in 11, however, they extended oi'c 
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a period of several nrontbs. The ohservatioiis on Ihe icfl and r\hitc blood ecll 
counts, hemoglobin, and cell volume have been "rouped in 2 aaaas, slalistrea > 
analyzed, and are presented in Ta!)lc I. All determinations on the 81 dogs are 
included in part A, and frefiuency histograms arc shown in Fig. 1 Calculation 
from the mean values reveals a mean corpuscular volume of 73,4 cu lie micion.s, a 
mean corpuscular hemoglobin of 23.7 micromicrograms, and a moan coiiniseulai 
hemoglobin conccnlration of 32.3 per cent. In part B the ro.-.ults of taking a 
sinale observation on each dog are shown ; the last determination rvhich had been 
made was arbitrarily chosen. These data arc not significantly different, thus 
showing that an unequal number of determinations on .some of the animals did 
not materially influence the analysis in part A. Me noted that there nas a 
general tendency for the erythrocyte, hemoglobin, and cell volume values to dc- 
crea.se slightly when the obseiwations were extended over a long period. Tliis 
trend was more defuvite in the first few weeks and was considered a result of 
training. 

Table I 


St.vtistic.\l Ax'AI.vsis of PEr.ipnER.vL Blood Hematology 




ME,VX 

STAXD- 
AP.D DEVI- 
ATION' 

FP.OB.IBLE 
EP.F.op. or 
JIE.VN' 

COEFFI- 

CIEXT 

OrVAP.I- 

-vnox 

XO. OF 
OB.SEP.VA- 
■ TIOXS 


Ervtlirocvtes xlO® per c.nun. 


0.98 


! 15.8 

207 

A 

Hemoglobin Gm. per 100 c.c. 

1 14.56 : 

2.05 


J4.i J 

19S 

^ 1 

Cell V^'olume Per Cent 1 


5.79 

1 

12, i 1 

199 


Leucocytes xlO^ per c.min. 

13.523 

4.4S 

0.212 

33.1 

203 


En'throcYtes xlO® per c.tnm. 

6.298 

0.74 

0,055 

11.6 

SI 

■D 

Hemoglobin Gm. per 100 c.c. 

14.65 

2.27 

0.170 

15.5 

81 


Cell V’’olume Per Cent 

45.56 

5,10 

0.403 

11.2 

SI 


Leucocytes xlOs per c.mm. 

13.110 

4.43 

0.336 

33.8 

SI 


so. OF 


Table TI 

COMPARISOK OF HeaX ^^VLXJES REPORTED FOR HeMATOLOGY OF DOO BloOD 


cell 


RETICU- 


W.B.C. 


DIEFEREXTIAL 


BOGS 



t'ME 

locytes 


P 


il 

E 


GM. % 

PER CENT 

% 

9fc 

PER CENT 










Mir. 







xlO® 



-xios 





25 

15.8 

7.00 

45.2 







32 

14.1 

7.17 

47.7 


8.76 





43-50 

16.0 

G.S7 

46.9 







54 

14.6 

7.02 

47.3 







34 

13.6 

6.45 

44.3 

0.4 

14.18 





5-12 

13.5 

6.4S 


1.1 

14.40 





S-15 


7.22 



19.30 

64.6 

22.2 

4.4 

8.9 

20 


6,21 



9.53 

6.5.7 

21.0 

6.S 

0.3 

11-47 

15.5 

5.97 


0-1.4 

15.92 

66.7 

22.1 

6.S 

5.1 

12 


6.21 



17.05 

77.4 

13.2 

6.1 

O O 

CO 

13.0 

6.16 

3S.G 

1.S 

11.16 

74.0 

20.0 

4.0 

2.0 

56G 

13.9 

7.22 



U.S4 

C9.0 

20.0 

6.1 

5.0 

31 

15.1 

6.20 



11.46 

71.S 

21.7 

0.7 

.5 4 

SI 

14.6 

0.20 


0-1J5 

13.52 

71.8 

20.1 

3.7 

4A 


P.EF. 

SO. 


•Mean v.-ilue.c foimil by thi.'! laboratory. 


Tate 


1 

2 

3 

4 

5 

6 
T 
8 
9 

10 

11 

12 

13 


Tite mean values of our data, compared witlj .some of those reported in l 
Hteratnvo, arc shonm in Table II. Our results are in ^enceal a"Teemcut 
those of Bnmor. et ah," IMayerson,” Jlorris, et al..’= anrl others ' ^ ' 










J57S 


TllK .l()i:i!NAI/ or J.AHOH.VrOltY AND CI.INK’AD .MKDUMNi; 


It M'jis iiotl'tl in iiialiiny tlic ref i«Milocylc I'oiMit In’ iiotli tin- wet ami dry 
niotliofls Unit tlii'ro wen- niimy instances in wliicli no relii'iilocytes were sica in 
eonntintr oOO erythrocytes, h'lii-tlier examination of the smears, however, always 
rovoaU'd the invsence (d' some i’eticnl<)cyt<‘K. 

We hav(‘ oh.sei-veil, ;is others have reported, that no sitriii/ie.-tni differeare 
exisl.s hetw(‘en llie values ohiained for males and females, for the different 
hroeds. and that aire aiipareiitly has little or no efi'eet after the atuaads are Jh 
to 12 months old. 

The mean and r.'injic of iMme marrow <IifferentiaI eonnis on rih smears 
:ind femur imi)rint.s on the .s;nne eiyht dous are shown in Table III. The iaipre-s- 
-sioJi imprints ])roh:i))ly ^dve ;i ?af»re nearly physioloj'ie disirihiition of aiarrow 
et.'lls. These prc'parations are difiienlt to )»ri‘pare. however, do not stain well, 
and the counts olilaiinsl are somewhat selected, since nsnally only those eelN 
on the peri[)hery of e.aeh iinjirint eaji he differentiated. Smears from extruded 
rih marrow are ea.sy to pi'ep:ire. stain well, and cells over tin* entire smear are 
readily differentiated. It is onr impre.ssioji that representativ(> marrow eoimts 
are ohtained from lliese simsira. 

't'Aia.K 1 1 1 


Ito.vK MAiaaiw DimaassriAi, f'iirsT.< 



nut sMKAr.s 

riiMvi: i.Mi'iaxT.s 


kanv:k 

>tKAN' 

KA.VOH 

Alvelolilnsis 

0.*; 

(I.H- 1.(1 

(i..'> 

ii.a- I.a 

Promyelocytes 

t.<: 

(1.7- g.S 

IKS 

(I.a- M 

^rvelocvfc.s 

ft.n 

y'lfi.d 

•l.c 

1.7- s.a 

Metiimvelocvtes 

:i.i 

I.l- I.C 

.•i.a 

2 . 0 - I.a 

Itamls, Xeiitro])1iiiic 

11.7 

(!.S.17.-1 

lll.U 

m.a.is.r 

Se);menlers, Ncut ro|iliilic 

:fn.i 

1(>.S..|.|.” 

at. 7 

a(i.ia!i.7 

Eo.sinophils 

11.(1 

( 1 . (• a.s 

•-’.(I 

(I.a- a.a 

Aroiiocylo.*! 

O.L* 

(I- (i.a 


a- a.i 

Lvmi'liocyle.'i 

(l.!l 

d.L’- 11.7 

(1.7 

0- 

Proiiormohln.'il.s 

o.i; 

0.:.'- 1.:.’ 

(I.a 

II- 0.7 

ICormoblasl.s, Pii.^opliilic 

7.,s 

(1 1- p.ii 

(1.1 

-I.a- s.i 

Xormolilasts. Polvcliroinutic 

m.-i 

1 i.oim.ii 

m.r, 

la.a-ia.s 

N'ormolilasfs, OrfliocUroiaatic 

17.1 


1(1.1 

7.(iai.i 

Mepakaryoeyfes 

(1..7 

(1- 1.1 

(I.a 

0 - a.a 

t'licla.^sified 


a.s- i.-i 


(M- a.i 


Comparison of the data on i-ib smeai’s with those on the femur imprints 
reveals a close similarity, .Stasney and IlifTsins’'' liave alread.v jiointed out that 
marrow from the rih, pro.ximal femur, ajul Tuiddlc femur show e.ssentially the 
the .same g:eneral trend in file relative iiereenla'ro of distrilmtion of cells, 
although the myeloid-erythroid ratio is somewhat iiigiiei- in the rih. Onr mean 
myeloid-erythroid ratio is .slighfl.v over one (range 0.6 to 2.4). thus agreeing 
with the data of Jhilligan''’ and Ale.xandrov.’^ Stasney and Higgins found the 
mveloid-erythroid ratio consistently below one; however, their mean crytliroe.vte 
count was only slightly above h.O million. Tlicse observations lend fnrtbcv 
validity to the rib smear lecbniqnc. 

Histologic examination of Die femur marrow sections revealed a wide 
variation iiAolal cellnlarity. In general, active licmalopoietic li.ssue 
around the peri])hcry of the .section and as small i.sbinds among Dio tat ee s 

whieb filled Die center of the section. 
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SrMMAtlY 

A summary ami statistical analysis o£ the data on the ])eripheral blood 
hematology of 81 dogs ai'c ])rosontod. Diftcronlial cell counts ol rib and fomin 
marrow ]n’ci)arations from 8 dogs arc included. 


The authors are sraleful to Pr. ,1. I- SchwinU of the Department of Anatomy for many 
lielpful .“Ugsestions. 
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KFFliCTS OF SULFAPyRAZIXK AND SODFADIAZINK ON JIICK 

iNp’FCTJCD wrj’ji iiE.MODY'ric s'riJi-:PTono(;cu.s, 

PNKU.MOCOCOF.S. AND STAPil VDOCOCCUS 
AUUKUS® 


Hi:oitc;r: W. JiMxiss, 


Pii.D., M. Skvkkac. M.D.. and .1, C. Moi.t.-ch, 
Pmi.ADr.i.DiiiA, Pa. 


S ubstitution of .mtlfanilainido in tho xulfonaniidc Ki'Dup l)y raplat'anioiif 
of OIK* of (Ik* liycli'o'ioiis Iiy various liotorooyoUc foiiipoiiiuls ivstilled in sohh* 
cases in a substantial cnliaiicciiicnt of lli(*rapciitic activity. Tin* liclcrocyclic 
liart of .snlfadiazinc, t]icra()ciitically a very active coiiijuiiuk], consist.s of tlin 
pyrimidine rinp: where the 2 miclear nitroirens are in (he incta position to each 
other. Raiziss and Clemence' de.scribed a ilerivative containin'^' a heterocyclic 
with 2 nueleai' nitrojrcns in tin* para iiosilion. The .same product wa.s I>i'C- 
pared indepen<1ent]y by Ivlli^son." Thi.s <lcrivativ<i was oblainc<] by the intcr- 
aetion of para-acetylaminobenzene sulfonyl chloride with 2-aminopyra7.inc. For 
the sake of brevity we named this product sulfapyrazinc, 

Snlfajiyrazine has already been invo.stit'ati'd clinically in the treatment of 
])neumonia and reiiorted by ]?ne<:se!rfrer. Hamburger. Turk, Sjiics. and Blankcn- 
liorn.*'' I’hc authors .stated tliat 22 sel<*ct<*d pa(i(*n(s who received (lie driifr by 
mouth .showed prompt improvcnicnt and ultimate recovery with no significant 
.si'rns of toxicity. 

Wc arc presenting studies on toxicity and blood levels and also on the 
tiicrapcutie efi’cet of sulfajiyrazine in mice infected witli various pathogenic 
organisms. 


TOXICITY 


a\Iieo wore fed a drug food diet containing V,, 14, and I per cent of 
.sulfapyrazinc or .sulfadiazine for a fourtcen-day jicriod. Wc have determined 
that mice consume on an average 4 Gm. per day of the drug diet. This would 
bo cipiivalont to 0.010 Gm. of drug in i/i P<^r cent diet; 0.020 Gm. in per 
cent; 0.030 Gm. in % per cent ; and 0.040 Gm. in 1 jicr cent. Table I shows that 
and Vi pel’ cent drug diet.s containing cither sulfapyrazinc or .sulfadiazine 
were well tolerated when fed for a period of fourteen days. Three-fourths per 
cent diet was tolerated only by 00 per cent, of animals; 1 per cent diet of sul- 
fapyraziuc was tolerated by 50 per cent of animals at the end of fourteen-day 
period, while on a 1 per cent sulfadiazine drug diet all animals died after nine 
days of feeding. 

imOOD IJJTOO DKTKI{inNATION.S 


Blood levels were determined by Bratton and Itfarshall s method.' From 
Table II it is apparent that sulfapyrazinc on various drug diets produces com- 

~»^rom tlio Dcrmatologlc.al rtesenrcli DaborAtorlcs, Phllmlclpliia,. Dlvl.>ilon of Abbott 
Laboratories North Chicago Kecloratlon of American Soclotlos for 

Fx.mrbitcntal ‘ho .senior author (G. R-J 

Kecolvcd for publication. lUarch 1, lOlo. 
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TiiK .loriiN'Ai, or i,\iii)i!A'n)i:v ani> cmmcai, mcdicixi: 


jr)S2 

pjii'.Mtivcly liiirli Itldiul Irvds in rjiiifrin^' from 7.2 )o 22 ini', prr lOU f.r,, 
wliicli, however, ore lower flinii those ohtiiine<| will) llie respective siilOnlin'/.iiip 
feediii'rs. 

ooMrAiJATivK Tin;itAri:rTi(! kitkct.s nr sri.i-At-vuAi'iN'i; Axn .scM-AniAZiNK 

In iill of the llierapiMili** exiieriments ilniir.s were !ulmitiistere(l to iiiieo in 
food aeeordinir to tlie method <l(;s<'rihed hy Lilehlield, Wliit<!, and .Marsimll.'' 

Iliee were infee.ted with the .Vfrr/docomw Invuilttlit us .strain 0202 iisiiii,' 
1000 minimum lethal do.ses eontaininfi from 5 to JO.flOf) haeteria. v\eeon]intr to 
Table III snlfapyrazine <;,\erted a better therajieiitie effect tlian sulfailiaziup 
on mice with slreptoeoeens infection f«-d the \{x per emit <Iriiii diet. On the 
Vi> pnr vent druii diet .sulfadiazine irave better re.sults than sulfapyrazine. 
I'nder the same eondilion, sulfanilamide proved to be le.ss effective. 

T.mii.i; H 


.\vKi:.\nK fir Daii.y nrronnf.e IIi.omu 1,kvi:i„s is Mier, I’co tir.n; inirr roi: in Pay.s 
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Taiii.k III 

Co-MCAUATivK Tni.iiAi'TOTio EfTj.srr or .Sri.r.M’va-vzi.SK Asa Hvi.rMn.w.tsy. 
Jineo Ai>.\tiNisTi:i:i:i) Wrni Kixn* xn; 'i’r.s JJavs 

Pri'.Kerococcu.s IlrMoi.yricrs IsrrtTjo.v, .stilmn’ r:20,'{ 
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Heart ciilture.s of aiitnp.xleil nilee who ilh.al hofore the -‘stli 'la.v Invailnhly wore po.'^ltlvo 
for .Stroptococel. 


Ill the cxiieriments on Tyjie I jnieumocaeeus infection we used .strain 
JI-3G.“ jMice were infeeled with 10 minimnin lethal doses, the total content of 
inoculum being about 100 bacteria. This strain proved to be of liigb virulence. 
A.s .seen from Tabic JV. SS per cent of mice on the Vi per cent sulfap.vrazine 
diet survived seven days. After fourteen days the .survival rale dropped to 
fifty per cent. On \(i per cent sulfadiazine diet, 33 per cent of mice survived 
seven days and after fourteen days 23 per cent, indicating a better effect for 
.sulfapyrazine. On a ^/o PCi’ ec’if «bet sulfadiazine was somewhat less 

cffeclivo than sulfapyrazine. . 

In our experiments on Type II pneumococcus infection, wc usea si c 
51-48 as described in previous publication.® 51iee were infected uitrap 
loneally with 10 minimum lethal doses containing about 250 bacteria. 


R.UZISS KT AU.: EI'I'KCTS OF SUEFAPYRAHIXF AXI) .SUEFADIAZIXi: 
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From Table IV one can sec llial mice fed i/j i)cv cent o£ sulfapyrazine diet 
showed 96 per cent survivals after four days, 44 pci' cent after fourteen daj's 
and 40 per cent after t\venty-ei,!iht days of observation. 

Under the same conditions, sulfadiazine tberapy resulted in 33 per cent 
sniwivals after four days and only 5 per cent survivals after fourteen and 
twenty-eight days. On per cent diets both dings after twenty-eight days 
gave equally good therapeutic results. 

Pneumococcus Type III proved to be more resistant to drugs than Tj-pe II. 
IVe used 10 minimum lethal doses which contained about 200 bacteria of .strain 
11-50. With a y^ per cent diet, 20 per cent of the mice fed sulfapjmazine sur- 
vived three days, Avhile at the end of twenty-eight days 5 per cent sumived. 
llice given y^ per cent sulfadiazine diet showed about the same results ivith a 
survival rate of 20 pei- cent after three days and 7 per cent at the end of 
twenty-eight day period. 

Table IV 


TirnnAPEUTic Eftects of Stjlfapyeazixe axd Sulfadtaztse ix Mice 
Drug Aiim:ixistered With Food for Tex Days 


rxEciio- 

coccus 

PEP. CEXT 
DRUG 
WITH 
FOOD 

COilPOUXD 

NO. 

MICE 

ESED 

1 

2 
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0 









Type II 

% 

Sulfapvrazine 

50 

9(5 

96 

96 

96 

90 

90 

S6 

44 

40 

40 

CO 

u 

% 

Suifapyrazine 

40 

100 

100 

93 

93 

90 

SS 

So 

60 




Vi 

Sulfadiazine 

40 

95 

75 

50 

33 

25 

25 

15 






Vi 

Sulfadiazine 

40 

100 

100 

100 

100 

93 

93 

ss 

58 

55 

55 

_ 


Controls 

2.3 

4 

0 









Type m 

% 

SnlfapjTazine 

20 

95 

35 

20 

10 

10 

10 

10 

~10~ 

— =— 

- 

Strain AI-SO 

Vi 

Sulfapvrazine 

40 

100 

90 

70 

65 

58 



40 




Vi 

Sulfadiazine 

15 

87 

oo 

20 

1.3 






oO 



Vi 

Sulfadiazine 

40 

100 

85 

55 

50 

43 

90 

rj’t 

.30 

?8 

t 

7 

^5 



Controls 

17 

18 

0 










Heart cultures ot autopsied animals invariably were positive for Pneumococci 


On tlie i/o per cent diet at the end of three days .sulfapvrazine had 70 nor 
cent, while sulfadiazine had only o5 per cent survivals It the end of tw f 
days, 38 per cent snryivals p-crc obsen ed trith snUap^sine and nnh- 
2a per cent tv.th sulfadiazine. In tins case sulfaptTazino .showed better th.™ 
peutic effect. tnera- 

StaplujJococcus aureus infection was produced in mice hv +T.rr • 
administration (saphenous vein) of 0.2 c.c. of a .saline m 
about 8 billion bacteria. This culture had five pa.s.sarres 
its use. As seen from Table V, .50 per cent of control mice diM 
seventy-two hours and the rest died seven days after infectf ^ 

On a 1/4 per cent sulfapvrazine diet. 40 per cent nf 2 
for eleven days and 30 per cent survived fourteen 7 ^mmals survived 
better effect than sulfadiazine. showing a .sli^htlv 

on .a . 3 1 - cent d„.g die,, suh-adiazine prorod 
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DtS(’I'S<:|ON 

(;i) Suiriiiiyr;iziiu>, :iii isomer of sulfmlio/.iiie. l>y this iiiui rttrdier iiivcsli- 
•lations may prove to possess eertaiii advaiila'res over sulfadiazine in elinical 
applieation and. flierefore. may Ik* valualde. 

(li) We liav(‘ estalilislied tlial Idoot] lev<‘ls of mice Icepl on driiix fiiei.s eoii- 
taininir siilfapyrazine are ifeiierally lower tlian tliose of sulfadiazine, beimi 
liitrlier Hum Itlood levels obtained with oilier sulfanilamide derivatives. 

(e) This i'e|)ort is the first, aeeordiin^ to onr Icnowledi'e. of an extensive 
study of sulfaiiyi'aziiu' by the food <lru!r diet method on various types oi 
jmeumoeoeeu.s. 

(d) By a eareful .series of e.xperiments. we established that snlfajiyrazine 
has either ef|ual or sonu'what belter llierapentii* efi’eel on food driur diets at 
lower blood levels than sulfadiazine. 


coxci.rsio.Ns 

.1. Itliee tolerate siilfapyrazine and sulfadiazine on a Vi and 1|.> per rent 
food diet eipially well, while a and 1 jter rent dnur diet sulfaiiyrazine 
is .soinewlial better tolerated than sulfadiazine. 

2. Blood levels on Vi and 1 i>er eeni drue: diets rani'ed from 7.2 to 112 mti. 
j)or .100 c.e. 

o. In bcta-hemolylie streptoeoeeie infeetion both drusrs were of eipuil 
t hera jiout ie effeet i vcness. 

4. In Type 1 Pneumoeoeeus infeetion. mice fed on V| and ',!• per eeni 
sulfapyrazinc dru»: diets showed a belter survival rate. 

.‘5. In Type II pneumoeoeeus infeetion. siilfapyrazine showed a frreater sur- 
vival rate, than sulfadiazine on ’/i per rent and eipial on \ U iier vent driijr diets. 

G. In Type III ])neumoeoeeus infeetion both dru'>s were eipially efieetive 
on the % per cent diet, while .siilfapyrazine atiya better results on a ’/!• Jier 

cent diet. . , 

7. Aceordinir to our experimcni.s, in SfapliiflocMccus (nirciis infeetion, siu- 

fapyrazine and sulfadiazine proved to bo equally effective. 
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A METHOD ]-^OR THE EVALUATION 01’ DRUOS APPECTINO 
THE REACTION OP MICE TO PAIN STBIULATION* 


Kf.xxeth Kueter, B.S., axd Richard K. Richard.s, AI.D., North Chicago, III. 


TN recent I'eai-s a number of new methods for the testing of analgesic dings in 
animals ha.s been reported. Without claim for completeness ive mention here 
the methods of IMaeht and iilacht,^ d ’Amour and Smith,- and of Andreivs and 
Workman,^ the last two methods being modifications of the principle developed 
by Hardy, ‘Wolff, and Goodell.* In our experience, results can be obtained uith 
all of them. We found that there was little consistency, hoAvever, inasmuch as 
certain drugs were found relatively more potent with one of the methods than 
ivith another. On account of this we emploj' as a rule several procedures in 
estimating analgesic properties. 


The necessity of immobilizing the animal diu-ing the test represents in our 
opinion, a common disadvantage of these methods. Since it is not certain 
whether any method of determining analgesia in animals measures “pain” in 
the sense of the human quality or just a reflex, we believe the experimental con- 
ditions should enable the animal to bo as nnrastricted in its movements as nos 

This demand is satisfied in a procedure used hy Straub and TriendP and 
based upon a method developed by Forst,' wliieli con.sisls o.ssentially of harino- 
mouse move about freely on a disc and measuring the movement.s* bv mean”" f 
a work adder; a clamp is then applied to the nose or rectum and thereacrinn t 
measured hy the increased activity of the animal. AVe found it nr fit hi 
substitute the continuous stimulation caused bv the elamn h- • 
stimulation which can also be easily varied in degree V)ui- n - 

require complicated or expensive apparatus and lias proved^ ”vn],!!,n 
bands in combination with other methods. iiiahle in nn,. 


mitthod 


in a 


Mice are used for this test 
ba.sket tiuule of plastecele : 


• The animals are 
uid aluminum with 


III'- r,f Plin rri:ri,-.,|„.., ,, 

l\. i\ fi.r March v, i;i4; ' '‘'-‘s‘i'h. 


Stimulated ihrough their feet 
“ nimle of lightweighi 

Ahlxitt r^-ihoratorie... 
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bakclite. The basket rcsoniblos a smalt hat box. It is 17 cm. in diameter and 
D.5 cm. in lieigbt. Tlic bottom of the ba.skct is covered with row.s of fine copper 
Mire about 3.0 mm. apart. These wires arc strunir across the iiottom so that one 
Mire is positive and tlic ad.iaccnt one negative. This is accomplisticd by string- 
ing one continuous wire in rou-.s aiiout 6 mm. aimrt and tlien stringing another 
Mire in betivcen the roivs of tlic firet stning rvii'es. Care must be taken .so that 
the tM’o Mires are m-c11 insulated from each other. (Fig. 1 shows how this is 
aceompli.sbed.) The ba.skct is suspended from a belloM's made liy stretching a 
condom over a large-sized heart chamlicr*. The basket hangs by means of .strings 
and a Mire hook made fast in a small, .srpiarc cardboard and fastened to the con- 
dom Mith rubber cement. The heart chamber is connected to a tambour and 
M’riting arm with rubber tubing. The tambour is bold in place by a clamp and 
ring stand. Any movement in the basket sends air impulses through the tubing 
to the tambour and anu. Movements of the animal arc recorded on a .sloniy 
moving kj-mogi-aph. The basket is connected to the secondarj- coil of a Hanmrd 
induetorium, and the primary (4 volts) current is made intermittent by means 
of a Harvard electric time clock or metronome. The physical considerations of 
the Harvard induetorium are explained in detail by jMaeht and IMacht.^ (Fig. 2 
shoM's the complete apparatus.) 



Fig:. 2. 


At least two mice are nin on a dose level. Tlie animals are fiist tested as 
normal mice. A tracing is always made Mith no stimulation, covering about one 
inch of paper. Then, the secondary coil is set at 7 cm., and the time clock is 
set m motion. A short tracing i.s made and the current is shut off i 

arj- coil is then moved to 6.75 cm. A tracin"- is nndp tim « • •‘’Ocond- 

thc coil shifted to 6.5 cm., and so on, in 0.25 to 0.5 cm^ntenmk*^”\’”H'^“^^'^'^’ 
lus becomes stronger, the mice start to make .lumping movemenf« 
to a maximum, usually at about 5.5 to 4.0 cm sccrmrl - t ' increa.se 
is a ooiisidoraWc variation in the sensittvilicj of tho^-^t— t 
has to be taken into oonsi.leration for the etX l,, 

M-hieh fail to show an increment of reaction witi ■ ^ nnalgesie. yiice 

too rcstlc.ss arc discarded. " -stimulation or are 
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I’AIN' THKF'.SIIOIJ) 

1 TO 2 IIOLT.S 


IT) TO :;n min. 


xiorsi: 

UUUO 


SOUM.M, 

AtTEi: DOSE 

AfTEP. IKISE 

IioSi; 

Mfi./KC.. 

(*M. 

f*M. 

CM. 

1 

o 

3 

4 

5 

G 

7 

S 

9 

10 

Phenacotin 

Plienueetin 

Plienacctin 

Phenacctin 

Amidopyrinn 

Amidopyrine 

Aspirin 

Nembutal 

Nembutal 

Nembutal* 

3(10 

7.10 

7.10 

1000 

250 

300 

500 

.15 

75 

110 

(i.7.1 

0.5 

7.0 

7.0 

7.0 

7.0 

C.5 

7.0 

7.0 

7.0 

(i.75 

G..1 

(i.O 

5.0 

5.5 

G.O 

(i.5 

7.0 

4.0 

4.0 

G.O 

5.5 

4.0 

G.O 

5.5 

G.5 

G.5 

4.0 

0.0 

*An1mal 

was in surgical 

anestlie.sia. 






Table 

II 



Efit-ct of Intk.vpkritonf.ai. Injection of Mop.phine 

ON THE Pain Thkesiiold 





P.UN THRESHOLD 



— 


15 TO 30 MIN. 

1 TO 2 HOL'F.S 




nop.m.vl 

AFTF.P. DOSE 

AFTER DOSE 

MOUSE 

NO. 

DP.UG 

ADMlNlSTET.Em 

MO./KO. 

CM. 

CM. 

CM. 


1 

2 

?, 

4 

5 

6 

7 

8 
9 

10 


Alorphine 
Alorpliine SO, 
Morphine SO, 
Morphine SO, 
Morpliine SO, 
Morpliine SO, 
Morpliine SO, 
Morphine SO, 
Alorphine SO, 
Alorphine SO, 


4 

0 

6 

10 

10 

10 

10 

10 

15 

20 


I 

7 

7 

7 

7 

7 

7 

0-5 

7 

7 


6.0 

0.0 

5.5 

5.25 

0.5 

5.0 

5.5 

5.5 

5.5 


6.0 

6.0 

6.0 

5.25 

5.0 

4.5 

4.5 
0.5 

5.5 


After the normal reactions of the mouse have been recorded, the drug under 
investigation is administered eitlier by mouth or by intraperitoneal injection. 
For the first test ive give usually 25 to 50 per cent of the Ij.D. 50. Later the dose 
has to be adjusted according to experience. Tesds arc made in intervals of 20, 
30, or 60 minutes depending on the t\-pe of drug and method of administration. 
Pig. 3 shows tracings of such experiments, and a summarj' of the effects of a 
few well-knovm analgesics administered orally is given in Table I; the columns 
lieadcd “Centimeter” show the reading of the secondaiy coil at which a definite 
stimulation was recorded after the drug. Xeccssarily, this criterion is somewhat 
subjective with the individual investigator, but if interpretations are always 
made on the same basis, the results become comparable. Table II .shows the ef- 
fects of morphine by intraperitoneal injections. Irl liercas the sensitivity of this 
method compare.s favorably with other procedures, we failed to obtain a definite 
analgesic efiect with aspirin after oml administration with the chosen dose but 
phcnaeelin and amidopyrine exhibited definite analgesic action. Nembutal was 
ineffective at oo mir. hg., a dose not producing marked depression. .tlnalge.sia 
appeared with the definitely depre.ssimr dose of 75 mg.,/kg. and became complete 
with no mg./kir. In this stage no reaction was elicited. This proves that our 
method of stimulation produces central cffect.s and not merely peripheral con- 
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traction by nicans of iioriplicral sthmibifion. Suwov (Triiys wliioli were fc.sfcd 
and found analgesic by this procedure have, prcived to lie i-R\'<!tive in jireliminnry 
el inieal i n vest i ga t ions. 

^Ve arc aware that, in testinir of analiresic. drnus, not only llieir central 
true analgesic action but also other cffeels have to be tahen into consideration. 
Tims, morphine posses.ses a <Iefinile .slininlaliiig effect niion the spinal eenfei's, 
an action whieli results in the well-known Straub lihoiioinenoii ; liowcver, in our 
te.st, .signs of the .sjiinal slirnnlalion do not show up (sre Pig-, li, [ipi>er fracings). 
The analgesic effect of aspirin, so eonsjihujous in liunians, a))))cars to he difficult 
to demonstrato in aninmls. 'I'his lias been snhslanliated recently again by Smith, 
D'Ainonr, and D'Anionr.' The harhitnrates which o.vcrl a general cerebnil 
clopre,s.s’ing effeel fail to inflni'iice selectively tlie ])ain eeiifcrs, a.s is demonstrated 
by onr failure to olitain analgc.sic effects witli sedative doses; thi.s i.s in agree- 
ment witii clinical e.\-perienee. Taking ai! IIm'sc factors in consuierafion, one lin.s 
to recognize the limitations of new methods endeavoring to mea.snre a jiarficu- 
lar property in tlic iircseuec of other factors which will inthieneo a lo.sl. 

We lielievc tlial tlio above dc.scrihed method will ho of help to invest igafois 
in tills field in eonjuiiction with oilier ]»roeediircs, Tlie ahsenec of rc-s'lraini 
exerted on the animals, the recording of tlie reactions of tlie animais. and the 
])o.s.sibility of using large lunniicrs of .small animals have definite advantages. 
The apparatus needs little care, lint tlie ba.sket .should h(> inspected frequently 
and urine and foecs slionid lie removed to prevent short eirenil. T!ic air traius- 
mi.ssion system must of course ho leakproof and slioiild lie adjusted to optimal 
sen.sitivily. 

.SU.M.MAKV 

A new method for testing analge.sie drng.s in mice is described. The method 
Xicrmils the application of an infermillent and increasing .slinniln.s to miec with- 
out restriction of liicir movements and obtains direct records of their reactions. 
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CHRONIC INDURATIVE PNEUiAIONIA RESULTING FROJI 

CARDIOSPASiH 

A Case 'With Nonpatiiooexic Actd-fast Baciet.i ix the Spctuai 

Frederick C. ^YARRIXG, Jr., iM.D., axd Arxold B. Rii^vxce, 

Sheltox, Coxx. 


P NEUIIONITIS complicating cardiospasm does not appear to be a verj- com- 
mon condition. Isolated cases liavc been reported.’’ ^ On the other hand, 
Stnrtevant,^ in an article reviewing the literature on eardiospasm, fails to men- 
tion pulmonary complications, apparently because of their rarity. Even more 
uncommon have been reports of tlie isolation of nonpatbogenic aeid-fast organ- 
isms from the sputum in this condition. Baldwin'* has recently reported such a 
case, and a similar one has been described by Cummins and 'Williams.® These 
two eases are apparently the only ones to be found in the literature in which 
nonpathogenic acid-fast bacilli have been foimd in the sputum in this condition. 
A third case has lately come under our observation. 


C.ASE HISTORY 

Gr. H., a vrWte female, single, aged 65 years, a bookkeeper, nras admitted to the Laurel 
Heights State Tuberculosis Sanatorium on December S, 19-11. There rras no historv of ex- 
posure to tuberculosis. 

Fast Bisiory . — ^In 1922 the patient began to have difficulty in surallowing, ivith regurgi- 
tation of small amounts of food, but not of whole meals. There was no historv of having 
swallowed any irritants. At that time she manifested mild jaundice, and her gall bladder 
containing stones, was removed. Further studies while she was in the hospital revealed 
moderate cardiospasm. Xo dilatation was then felt to be necessary. 

During the past twenty years she has been troubled by this regurgitation for periods 
vaiying in length from a few hours to three days, and then would be entirely free from this 
sjnnptom for intervals up to several months. She denied a.spirating vomitus at anv time 

Present inne.?s.— Gradually, over the past year and a half, there has been a loss of 16 
pounds in weight. This was probably because she ate only small amounts of food i 
efCort to ward off regurgitation. Seven weeks before admisrfon the patient developed weaT 
ness, fever, and night sivcats. She also began to cough, and she raised some mucoid snnH,™ 
which was not foul but did contain a few food particles. On bed re=t at h eh 
to improve and came to Laurel Heights on December 8, 1941. ^ ^ failed 

On admission her general condition was poor. Her best previous weight h 1 h 
pounds, but she was now down to 87. Stercoroentgenograms of the chest t i- 
9, 1941, showed mottled densities throughout the lung field on the ri 1 1 ^ -T ®®c®'“’ber 
from the level of the third to the seventh vertebral spines. On the 1 ft' '’-onsolidation 

crate patches in the lower lobe (Fig. 1.). Phvsical c.vamination i i ° conglom- 

for the lungs. There were signs of infiltration, with medium and 

of disease seen in the x*ray. rales, over the areas 

The patient had nsvTnptomatic Ftncilhis coli bacilluria -tl 
other urinary abnormalities. Hemoglobin wa.s 11.5 G,n (— 4 blood cells, but no 
white blood cells, 1G,.)00, with pol\-morphonnclear cells c" ; red blood cells, 3.85 • 

vo per cent, Ivmphocvtea o ’ 

•From the t^our.I Helnhts St.ate Tuberculosis . ' - - 9 per cent, 

IlecelveU for rnbllcatlon, Al.arch 10. 1S{3 ' -^tnatonum. 
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innno('yt(’H "i jior Cfiit, !iii(l 1 jicr ri-iit, Si-diii’ctitation ralf (Cutler; smi,“ 

!iU(l nmi. Kliue ilitii^no.stie (e.Kl wa,-. iieKHtivf, A liilierculiii le*it waM liijjlily |i(isi(ive to 
tlic second slreii;;tli of juirilied jitoiein ilerixntive. 

X-rnys of llie stoiii.'udi riiid iiile-tinc'' «ere iief^ative. Harliiiii was retained in tlie 
esoplinptis, Iiowevor, for as loiijj as ten hours, reveriHiit; olistriielimi at the cardiae orilice. 
Tla' lower third of tlie e'Ojdiagils \wi« iiiililly and (laifontily dilated. X'o divertieulae coaid 
lie seen (Fip. “). 

Tlio patient was Odt to ha\e a eardio.-pasai of tvteitly years’ duration. l!,v nacon- 
seiousl.v nsjiir.alintf food, jprohaldy diiriiio shs-p. .she liml devidojM-ii a ehronie, hilateral in- 
dumtion pneumonia. 

Two specimens of sjiutuiu. raised from the liuie-. eontaimal !ar;;e numhers of neid-fa.'t 
h.'ieilli. Morpholoeii'ally the^e were very .similar to tiihereh' hai-illi. 'I'lo' working diapio-i? 
of a.spiration pneumonia leil to further studii'.s uhieh deuionst rated the oreani-ms to Ipc non- 
pathogenic, aeiil-fast. saprojihytes. 



On hed rest tlic patient ran a eontiriuou.s fever fioni 100° to 101° F. Her jiulse ranged 
from Vi) to S5. Faring her two months’ .slay in tlie .Samitorinm tlicro was no signiticant 
change in the apitoaraneo, of serijd x-ra.vs of (he lungs. Oceasional regurgitation per.si.stcd, 
hwt she gained ti little in rveight and strengfli. On Fobninry 1:2, she was discharged, to 

receive treatment ehsewliere for the cnrdio.spasm. _ 

In Jpfarch, in-12, Jfi.ss If. wns treated by Poclor Korton Canliehl at the Xcw lla\eu 
llosnital. Bilntnfion of the lower end of the e.sophagns wns aceompli.sliod by means ^ 
MeKcnzio dilator. After two weeks, good e.sopliageal fuiietion was obtained. Smee t m 
lime she Inus been rdde to swallow and retail, both !i,,ui.!s ..ml solid food.s ‘ 

Tlio patient rcturne.l to onr Ont-i.atient Fei.artmeiit for a clieek-np <>« OOobci 
Her general condition was much improved and .she had gained .about twenty ponncF. . 
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slriin"or, lior fi-vi'r liinl iiii'l .•■lii' lijiil pnii-'ii'jilly no coii"]! or ('xpcctoration. Cli(’.';t 

ropnti’oiincninis shnwoit pronoviurcil rloarino of (lio tliMisitii’S in bnfli luii^T!-', !ilfhnn};ii :i goo<I 
ilral nf i'l\rfmir. fibrous infillrntinn rcmainoil (Viji. Xo ai-iil-fasi organisms ronbl bn 

ilomimslratpil in tlio spiitnm by sinoar or cnlltirt' at lliis visit. 



Fig. 2.— X-ray taken 10 hours after barium meal showing cardiospasm. 


THE ORG.A.XI.Sir 


On admission, in December, 1941, acid-fa.st rods were found in ^ood num 
bers m the sputum on direct smear. iMonihologically thev closelv ^resemWod 
tubercle bacilli, although a few acid-fast coecoid bodies were also present 
Tlie organism grew well in Hamburg broth in twentv-four boure On do t 
agar, after forty-eight hours, the colonies were smooth and iiad a sli^rht cream 
color, taking on an orange tinge as the culture aged. \o rmvboi -i' cieam 

fermented. After several subcultures tlie morphoiotn- chaimed 
i-ods disappeared, leaving mostly acid-resi.stant, deep-.stain?mr 

with some fine, faintly staining filamentous forms. Pnin /^'oaeoid bodies, 

the bacteria did not develop tuberculosis nor did il. inoculated w-ith 

tubemdin. ’ .sen.sitized to old 

Doctor Friend Lee IMickle of the Conneeticut cji-t t , 

William Stcenkin. dr., at the Kescarch and f’linio-d f ="^1 ilr. 

New York, studied these eultures with ns H was a" ""'’^I’^tory of Tiaideau 
a nonpathogeiiic acid-fast saprophyte. '' ">‘11 the organism wa.s 
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Dot'for JCdwiirti Ji. Flnldwiii of i^nvimm; Luka, Xt-w York, wikU; ii i iibtrciiliii 
from cuKuros of this sain-oidiylo. Skin-lr-sJod with 0.1 nifr. of tliis iititoKonoii.s 
tuherculin, Iho jmtii'iit vciirlcfl witli an an-a of crytln'ina nicasiiriii!,' 3.5 x 4.0 
cm. ami marked induration. An inlradcrnial cmitrol Ic.st. 118111" O.J iii". of old 
tubcreulin, ]>roduccd an area of erythema 4.5 ,x (i.5 cm. with jiroiioiinml indura- 
tion. 

Twelve other jiatients with lU'oved, active jnilnionary liihcrciilosis were skin- 
iostod, u.siii" 0.1 mir. of (lie autii'jenous tuherculin in si.x patients and 1.0 ing. 
in the j-emainin" .six. Only two patients, hotli of whom received tiie 1.0 mg. 
do.se of the antogcnons tuherculin. showed a mild, hut typical positive reaction, 
with erythema and induration. All twelve cases reae(e<! .strongly to 0.1 mg. of 
regular old tuherculin. 



lOtr. 3. X-ray of the c)ie.>!t tnltcn on 10/3/'f2. .seven nionlli.s .after tre.afinont of c.ardlospn.sm by 

clll.atntion. Slotlenite clearing of IntUlraUon In both limsf!. 

These studies showed that the jmtient had actiuircd a marked degree of 
sensitivity to the nonpathogen in her .spulinn. Almost complete lack of reaction 
in the tuberculous controls demomst rated that this could not be explained ade- 
quatelj’’ by eros.s sensitivity, 

COJIMEKT 

This report of another ease of aspiration pneumonitis, secondary to cardio- 
spasm, in which acid-fast bacilli have been found in tlic sputum, would suggest 
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a relationship that is more than aceidcntal. As proposed by Baldwin/ a logi- 
cal explanation for the source of the nonpat hogenic aeid-fast bacilli is to be 
found in the aspiration of food particles from the esophagus into the lungs. 
There the organism may become established and occasionally make its appear- 
ance in the sputum. Similar noni)athogcnic acid-fast organisms liave been cul- 
tured from many raw fruits and vegetables.'* 

The quo.stion arises whetiier or not this acid-fast saprophyte had developed 
some slight degree of pathogenicity for tliis particular patient. Probably not, 
since it did not seem to influence the course of the aspiration pneumonia and 
did not produce disease in guinea pigs. On the other hand, it appeal’s that the 
bacteria did not merely lodge i?iertly in the bronchial tree, but establi.shed them- 
selves as facultative parasites. This assumption is supjmrted by tlie develop- 
ment of the marked sensitivity, absent in controls, to the tuberculin prepared 
from the acid-fast bacilli in lier sputum. 

The finding of these aeid-fast rods in the sputum on direct smear is of 
definite interest. The differentiation between them and tubercle baciUi on the 
basis of their morphologic characteristics would be extremely difficult. Thor- 
ough bacteriologie studies should be perfox-med on any patient suspected of 
baling an aspiration pneumonitis, in which acid-fast organisms are found in 
the sputum. Otherwise a mistaken diagnosis of pulmonary tuberculosis may 
readily be made. 

The short length of time duiing which the aeid-fast haciUi were formd in 
the sputum and the rapidity with wliich they changed to coccoid forms mar 
e.vplain why more of these eases have not been repoi-ted. Apparently only under 
certain favorable cultural environments do tlxey retain their acid-fast baciUaiw 
form. This is true both in vivo and in litro. The rapidity nith which the or- 
ganism multiplies (twenty-four to forty-eight liours) on most laboratorv media 
is one means of differentiating them from tubei’cle bacilli. 


srrxiM.iiKY 

A case of aspiration pneumoxiitis resulting from cardiospasm is reported 
in which saprophytic acid-fa.st bacilli were found by direct smear in the sputum' 
ilorphologically these bacteria resemlxled tubercle bacilli. The baeterio]o«ie 
characteristics of the organism are described. 
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CLINICAL CHEMISTRY 


STUDUvS J.\ PlfOTIflfO.MJilX: V. AKTHIflAf. ASD VKXOrS I’L.ASMA 
!M;OT!lI{().\!niX TI.MH IN MAN' 


SiiKi'AKi) SiiAi-iiio. M.I).. Ni;\v A'oiiK. X. V. 


T lflv liv{‘r is ('ssciiiifil f<ii- (he fl.’ihoralion of iti-o(lii-otnl»in.' Altlianiili otlifr 
lissiu's sc'ciii not to lie involved diieelly in ilu! ))i-oef‘ss. nevei-llieless. roconl 
ohserviifions sn^'^est liint nndei- eerlain conditions iidditioind nieclnitdsiiis nii.irlit 
conlrilnitc lo\viii-<I tin' nniinleinincc of prolluoiiiltin at a level for :ietivity) 
Iiiirliei' than ni) 2 'inal. Tims. liy|ierprotlir<»inIiinenii;: has hf-cii deiaonsti’ated in 
(a) ac'iitc llii'oinhoplilehilis and tlie initial .slanc of thi’onilio-emhiilizatioir’ ‘ aii'l 
(h) nuiltiidc niyeloiiia.'' 

It has hceii noted hy Ainiinis. Lonl. and Kanei '* in 17 onl of 20 e.vjieriaieiits 
on dot's that hlooci oljtaincd JYoiit the left \h‘i)Irie!e e.vliihited less in'othroaihiii 
activity tlnin Unit reinot’cd from the riirht ventricle. 'J'hc average difl'crencc was 
lO.G per cent, determined hy the two-sta^e method of Warner, Jlrinldiotis, and 
ymith.'' The visceral and peripheral arterial ainl venous hlooils showed no .si;.’- 
nifieaiU difi'erciice. 

These ohservations led to the jiri'seiit invest ittalimi to determine wind is the 
rclation.shiii hot ween the iierijiln'ral arterial and venous iilood jilasma pro- 
thrombin time in man. 

The prothrombin times of arterial and venous plasma of t went.v-si.'c p:i- 
tient.s were .studied. In 11 of these, the venous pla.sma prothrombin time.s were 
normal; in the I'emainin*' 1.'), the prothrombin times were in-olonged as a rc.sult 
of existing liver disea.se, nutritional (vitamin K ?) defieiene.v, or theraiieutic 
agents which decrease the level (or activity) of iirothrombin (.salieylate.s. snl- 
fany] comjionnds, Dicumarol). 

Melhod of Prothvomhin Aasoy. — The jirocednri' n.sed to estimate the pro- 
thrombin lime is based upon the single-stage method of Quick" and includes 
estimation of the prothrombin time of whole and diluted (12.0 jier eent) ])lasma. 
The rationale, clinical and experimental ap])licalions have licen .set forth in pre- 
vious eommunieation.s.-' The greater sensitivity of 12.;') j)er cent ])la.smii 
over that of whole plasma also ha.s been demonstrated.'-’ 

Thromboplastin prepared from fre.sli rabbit lung was used. The established 
normal standard for 12.5 per cent (venous) plasma was Sfl.f) seconds (.Standai’d 
deviation = +2.5). All estimation.s were dojic in duplicate. 

The specimens of venous blood were obtained in the usual majiner of veni- 
nuncUu'C. The arterial blood samples were taken from the radial arier.)'. The 
cutaneous area of puncture was first anesthetized witli 1 per cent novocain. 

.1 of MeiUcino. Xew York IJnlvorslty, and the Thiid (Xo« Voik 

Memorial Hospital. Wolfavo Island. Xov lorK. 

Ueccived for publication, June 21, 1913- 
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Plasma -was oblained by Ibc addition of 4.5 c.c. of Idood to 0.5 c.c. 1/10 molar 
sodium oxalate and centrifugation. 

EcsuUs.—Movc than 100 cslimation.s of the prothrombin time of arterial 
and venous plasma obtained from the 26 indiWduals n'cre made. In tliree pa- 
tients serial e.stimation.s were made daily for one week. In every instance the 
difference between the arterial and venous plasma protlirombin time was found 
to he nithin the limits of statistical variation. In three cases the differences were 
on the fii-st examination slightly in excess of these limits. Repetition of the de- 
terminations on subsequent days, however, revealed no significant difference be- 
tween the re.spective arterial and venous plasma prothrombin time. 

Discussion . — In normal indirnduals the prothrombin time of arterial blood 
was a trifle greater than that of venous blood. The magnitude of the difference 
was in almost every instance less than three seconds and hence within noi-mal 
variation and consequently to be considered as statistically not significant. 

The arterial and venous plasma prothrombin time in four cases of Laenneck 
cirrhosis, although moderately or markedly prolonged,® were almost identical in 
each instance. 

Prothrombinopenia, whether induced by agents such as Dicumarol,-' 
salicylate^^’ or sulfanyl compoimds,^^’ or occuri’ing spontaneously as a I’e- 
sult of chronic debility (nuti-itional [vitamin K?] deficiency), does not alter the 
relationship which appeai-s normally to exist between the prothrombin time of 
arterial and venous plasma. 

It is apparent, therefore, that in man (as in dogs'*) no significant difference 
between arterial and venous plasma prothrombin time is demonstrable. Should 
such a variation arise it -would be distinctly abnonnal. It might conceivably 
occur as a result of an unusual interchange within the pulmonary system or af 
the peripheral capillaries. 

It is here established that for practical purposes arterial or venous blood 
may be used interchangeably for e.stimation of the prothrombin time. 

Sununanj . — The greater sensitirnty of diluted plasma as compared rrith 
whole plasma for estimation of prothrombin time is emphasized. 

The prothrombin time of peripheral arterial pla.sma is generallv a trifle 
in excess of that of venous plasma. The difference, however, is wthin the ramre 
of statistical variation and consequently not significant. 

The findings herein recorded indicate that Avhen prothrombinopenia is in- 
duced by agents such as Dicumarol, salicylate, or sulfanyl compounds, the ar- 
terial and venous plasmas are equally affected. This is also true of prothrombin- 
openia arising spontaneously in consequence of debilitatin? disease Hence the 
uonnally existing relationship between arterial and venou.s plasma is unaffected 
by the development of prothrombinopenia. 

Arterial and venous blood may be used interchangeably for estimation f 
prothrombin time, ' ^ 
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LABORATORY METHODS 


QENERAL 


USE OF TERTIARY BUTYL AJLCOHOL IX BACTERIOLOGIC 
STAINING PROCEDURES® 


Parker R. Beamer, Ph.D., ^I.D., axd Robert E. Stow-ell, M.D., St. Louis, JIo. 


B ACTERIOLOGISTS and clinical pathologist-s may desire sati.sfactor}* sub- 
stitutes for certain reagents Bdiich arc becoming increasingly expensive and 
difficult to obtain. 

Tertiary butyl alcohol vas introduced into microteclmical procedures by 
Johansen,’ -who subsequently developed methods for its use as a dehydrating 
agent in plant microtechnique.-'^ StoAveU*’® found this reagent satisfactory 
for dehydration of a large variety of mammalian tissues and recommended its 
ii.se in place of ethyl alcohol to help conserve reagents which are A-ital to our war 
industries." 

Various solvents such as methyl, ethyl, and isopropyl alcohols and acetone 
have been used as decolorizing agents in making Gram stains of bacterial films. 
In the present study over five hundred preparations of pure cultures, mixed 
suspensions, unknoum organisms isolated at autopsy, urethral pus, and tubercu- 
lous sputum were stained. Except for sputum, the films Avere stained by the 
routine Gram staining procedure used in this laboratorA- and also by a procedure 
substituting tertiarj' butyl alcohol for ethyl alcohol as a stain soh’ent and de- 
colorizing reagent; likewise, in the destaining of nonaeid-fa.st organisms in 
sputum, tertiary butyl alcohol rvas substituted for ctiiyl alcohol. 


EXPEKIMEXTAL 

Preparation of Solutions . — The primarj- Gram stain was prepared bv di.s- 
solving 2 Gm. of crystal violet (or gentian violet, Colenran-Bell) in 20 e.c. of 
tertiary butyl alcohol. This was then mixed rvitlr SO e.c. of a 1 per cent aqueous 
solution of ammonirrm oxalate and filtered. Gram’s iodine solution (0 33 per 
cent iodine, 0.67 per cent potassirrm iodide in distilled rvater with a .small lump 
of calcium carbonate added to stabilize the solutionl was u.scd as the mordant 
Ethyl alcohol (95 per cent) or tertiary butyl alcoliol was used to de.stain the 
Gram negative organi.sms. The counteustain rvas a 2.5 per cent aqueou.s solution 
of safranine. 

Carbolfuchsin solution employed in a modified Zieiil-Neelsen tcr-hntr.,, 
l*.'- dissolving 0.3 Gm. of Imsic fnohsin in 10 o.c. or,c«ia^ bm 

The Aledicino.* .^n<l 

for rtibUcnlion. November 14, 3012. 
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iiu! imd ini.\in<r tin’s with IHJ c.c. (if a 5 per <•<> 1)1 :i(jut‘ 0 iis solntidii (tf plii-nol. A 
-) jier feiit. soiiitinii ol‘ nitric acid in fcrtiaiA’ Inityl alcnlml or in (‘lliyl alcohol 
(Do per cent) was used for dceolorizin!'. 

Proccdurrs (tnd h'esidts.- — In or<ler to determine tin.- jirojier time relations 
when tertiary hutyl alcohol was used as a decoiori/.inu: ai!:ent, Stophi/Iovoccvs 
(turcus and EsrJicrirhui <■>>}{ were sc!ec(e<! as test oi';:aidsi)is. .Several haeterial 
films made in the usual manner Avere slaiiu’d hy the modification of Gram's 
])rocodure used satisfactorily in this laboratory for rontim; work (crystal violet, 
iodine solution. 95 per cent ethyl alcohol, and safranine applied in order, ten 
to fifteen seconds each, followed by wasbimr in tap water). Siniilar films were 
jn-epared and stained in order to ti-st the action of vai-ions concentrations of 
tertiary butyl alcohol as a deslainiinr airent. Dilutions of tertiary butyl alcohol 
were prepansl, and each was used in .s(“ver;il series of stains in Avhich the time 
of apiilicalion of the primaio' stain, the iodine solution, or iht* decoloriziii'i 
apent w.as vai’ied. b'or (‘xami>le. in om* scries the I'rimary sl.ain and iodine 
solution wore applied for a constant tilin' and tlu' pcriotl of destainin.it "'as al- 
tered for individual slides. ICach .slide was compared with one or more staincil 
by the routine method usiii^' ethyl alcohol. When a .satisfactory time for de- 
colorizin^f Avas determined, otirer .series were sludied in which the lime of pi'i- 
man- .stainin't or application of iodine .solution was altered. These .slides, like- 
wi.se, Avere compared Avith routine staiius. The .scries AA'ere repeated Avilh each of 
the arpieoiis dilutions of tcrti;iry butyl alcohol. In jrcneral, the jieriods of time 
(ton to sixty seconds) diirinir Avhich the lArinmry stain or the iodine .solution 
Avas applied made little difference in the results. 

AVith 10, 20, and .10 per rent .solutions of tertiar.v butyl alcohol the results 
Avero A-ariable and un.satisfaetory. AVhen ajiplied as loiiir as fiA-e minutes. 50 
per eciif or le.ss of the Gram iie^afiA’e forms AA'ere projierly deeolorized. Films 
AA'liieh Avere deeolorized Avifli -10, 50, or GO per eeiil tertiary lui.'yl alcohol showed 
better difi'erenliat ion lielAveeii ftram iiefratiA'e and |)0.siti\'e or'raiii.sm.s. but A-ariable 
miniber.s of the Gram negative forms Avere not dcst.-iiued uiile.ss llie tertiary 
butyl alcolio] AA’as apjilied for tA\-o minutes or ]on;;('r. Fuder these conditions, 
hoAvevci', the Gram positive or>ianism.s in the tliinner jmrlions of llie films AA-ere 
•slightly decolorized. This Avas true espeeiaily if the iodine solution had been 
prepared several Aveelvs jn-evioAi.sly. 

jVfter further .studies it Avas found tlial tertiary butyl aleoliol in eoneeiilra- 
tions of 60, 70, SO, or 90 per eeiif aa-o.s .satisfactory for de.staining. Dependent 
on certain faetons such as thieknc.s.s of the filin, the lime of de-staining, and the 
stability of tlic iodine sohAtion, Gram ncgaliA-e organisms Avere iiroiierly deeolor- 
ized and differentiation Avas good. The mo.st satisfactory results Avero obtained 
Avhen thin bacterial films Avere stained in the folloAving manner: 

1. Crvslal violet .solution, ten .seconds; Ava.sli in taj) AA-atcr. 

2 Iodine solution, ten seconds; Ava.sb in lap AA-aler and .slinkc slide free 
of Avatcr. 

3 Eighty per cent tertiary I)utyl aleoliol, sixty to ninety .seconds; Avasii 
in tap Avater. 

4. Safranine solution, ten to fifteen seconds; wash and dry. 



RKAMKR AXn STOWKt.I. : TKKTIAUY IIUTYL ALCOIIOR 


1601 


n tliin, even films were ]>r(‘])nre(l, (50 jiev cetil mul TO per cent eoiieeiitr:i- 
lioiis of tertinry Inityl iileoliol rlifi’orenfijitod (Jrnni neirotive forms 'well but less 
.>;atisfactorily tlian did tlic ]>roeedurc outlined above. Stains prepared according 
to this method Avere compared Avith those made by the routine procedure (using 
95 per cent ethyl alcohol a.s a decolorizing agent) in identifying organis-ms iso- 
lated from nearly one hundred patients at autopsy. During the coui-se of these 
studies the folloAviug organisms Avere cultured and satisfactorily stained by the 
method outlined: Proicua vulrjavis, Scrrciiia marcexccns, Siaphylococcns entreus 
and (ilhux, Escltcnchia coU, AlkaJigcncs faccnlis, streptococci, AcHnomgccs lio- 
miiiis, diphtheroids, Sfirci)ia lufcn, Ncisxeria caian-liaJis, unidentified sporulating 
rods. Pseudomonas aeruginosa, and tAA'o type cultures of Salmonella. 

In applying this method to several .smears of urethral pus from different 
patients AAith acute gonorrhea, it Avas obserA-ed that, except Avith verj- thin 
smears, the time of destaining should be extended to tivo or three minutes. As 
other Avorkers have indicated, preparations Avere satisfactoiy Avhen pus cells Avere 
stained A\-eli Avith the counterstain. 

A 5 per cent solution of nitric acid in 50 to SO per cent tertiarv' butyl alco- 
hol Avas satisfactory for decolorizing nonacid-fast bacteria in specimens of tu- 
berculous sputvun. Excellent differentiation AA-as obtained by the application 
of steaming carbolfuchsin for five minutes, followed by destaining for one to 
tAvo minutes before applying the eounterstain. 


DISCUSSION 


The procedure outlined in this study is not proposed to supplant methods 
noAv used in preparing Gram stains, but rather to suggest a method Avhich may 
he employed satisfactorily in the event that reagents now in common use be- 
come too expensive or difficult to obtain. Tertiary butyl alcohol, therefore, may 
be of importance in baeteriologic staining procedures, since it yields satisfae- 
toiy results and it is a surplus by-product in the oil mdustrA'. According to sales 
agents® of the manufacturer, the supply of tertiary butyl alcohol is plentiful, 
and it may be obtained AA-ithout any difficulty. This lias been confirmed bv the 
War Production Board.® In contrast, the supply of normal and secondaiw 
hutyl alcohols is limited oAving to their important uses in Avar industries. In 
the United States most of the tertiaxy butyl alcohol is marketed as one anhydrous 
grade produced by one oil company. Eetail prices, hoAvever, shoAv considerable 
variation, some fimis asking about ten times tlie AA'holesale cost. On the basis 
of comparative prices of 55-gallon dnim lots, tertiary butyl alcohol. AA'hich is 
tax-free, is only slightly more expensive than the average price of 95 ner r-e 
ethyl alcohol Avithout the added tax. ^ 


Pure tertiaxy butyl alcohol. (CH,),— C— OH, althoush said to be three 
tmxes as toxic as ethyl alcohol, should be safe for use in the laboratoiw if or 
dmarj' precautions arc taken to avoid prolonged exposure to high coneentratio • 
of the alcoholic A-apoi-s. The compound melts at 23 to 25.6° C and t 
Avater arc taken up the melting point is lowered. When the’melti'nl 
above 23° C.. at least 99.4 per cent of the reagent is preset H th " 
perature is below the melting point of the alcohol tlm stof>V 
in n .vnm place and, aa .he .op ct an oven or »ca. a 
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alcoliol is miscible with most rcagenls in common nse in tlie lal)oratory, including 
water, ethyl alcohol, ether, xylene, honzcnc, and chloroform. 

RUMMAUY 

Tertiary butyl alcoliol, a readily available, reasonably jiriei^d reagent, is 
satisfactory as a decolorizing agent in modifications of the dram and Ziclil- 
Ncelsen staining procedures, ishould commonly used nsigeiits become too ex- 
]iensive or unobtainable, tertiary butyl aleoohl may be used in these methods. 
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A NEW AND HAl’ID STAINING IMETHOD FOR GRAM-PO.SITJVE AND 

gra:\i-negative organisms in frozen and 

PAR Ah'FI N SECTI ONS 


Aham a. IvHA.HAX, Sc.D., Los Anc.eees, Cami'. 


C HRISTIAN GRAi\[’ in 1SS4 devised his methotl for the demonstration of 
bacteria in tissue sections. WcigcrtV modification of Gram’s method has 
been useful for the demouslratiou of fibrin and bacteria and is still widely used, 
but both methods demonstrate only gram-jiasitive organisms. 

Since then, numerous attempts liavc been made to demonstrate both gram- 
positive and gram-iiegiitive organisms in imriiffiii sections of ti.s.siics that lind been 
fixed in Zenker’s solution or in formaldehyilc solution, and methods accom- 
plishing this juirposc have been reimrted by JlaeCallum,-'' Lyon.^ Lillie,'' Brown 
and Brenn,'’ Rudnikoff and Staw.sky,' Glynn," and ot hoi's. 

In these modifications, the staining solutions as devised by Gram remained 
practically unchanged. No attempt lias been made to devise a new method by the 
nse of some other dye or chemical, and no recommendations have been made as 
to the applicability to frozen sections. 

The solutions used by Gram and used in the modifications of his method 
are: gentian violet, methyl A'iolct, and crystal violet, as gi'am-positivc stains; 
Gram’s solution and compound solution of iodine, U.S.P. (Lugol’s solution), as 
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Fiff. 1. — Streptococcus In kidney, stained blue: X1C20. 
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Fip. 2.— Fricdlander-s bacilli In pneumonia, stained red; X1C20. 
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Klf,'. .'I. — Sporotriflitini in .•-•tiiiiipil liliic; Xin.O. 



4. Colon liacilll In kidney tiilnilcs, stained red; Xll’-O- 
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difforciUiiUors ; rosanilino hytlroehloi'idc, basic fuelisin, dilute carbolfuchsin, and 
safraninc as gram-negative stains; and acetone, alcohol, ether, and aniline oil- 
xylene as dccolorizers. 

The need for raind diagnosis led me to investigate the usefulness of a 
different dye and different solutions. A new and simple method Avas de\ised 
Avhich is easily applied to frozen and paraffin sections of formaldehyde fixed 
tissue and Avhich gives satisfactory simultaneous differential staining of gram- 
positive and gram-negative organisms. For example, four different sections 
(frozen or paraffin) mounted on the same slide, one of each of a kidney contain- 
ing monilia, a lung Avith Fricdliinder’s bacilli, a testicle containing .sporotrichum, 
and a kidney Avith colon bacilli, Avcrc stained, Avith successful differentiation of 
the organisms by the method described. The technique has also been used on tis- 
sues containing streptococci, Welch bacilli, influenza bacilli, actinomyee.s, menin- 
gococci, gonococci, diphtheria bacilli, and Negri bodies. Similar re-sults are ob- 
tained in another method recently de.scribed by me,“ but the time and material 
required has been greatly decreased in the present technique. 

In this ncAv method, the solutions used are: methylene blue as a gram- 
positive stain, fuchsin-creosotc as a gi-am-negative stain, creosote-xylene as a 
differentiator. 

THE FROZEN SECTION 3IETH0D 

1. Prepare mounted frozen sections at 7 to 10 microns in the usual niamier. 

2. Stain for three minutes AA'ith alkaline methylene blue (Loeffler’s). 

3. Wash in tap Avater and dehydi-ate rapidly A\ith three applications of 
anhydrous isopropanol or absolute ethyl alcohol. 

4. Differentiate rapidly Avitli creosote-xylene (1 part creosote plus 2 parts 
-Xylene), agitating slide constantly for fiA'e to ten seconds. 

5. Pour off and apply ercosote-fuehsin (2.5 c.c. of a 6 per cent alcoholic 
basic fuchsin added to 50 c.c. of ereo.sot e-xylene), agitating slide about 15 to ^0 
times, changing the solution once. 

6. Blot and apply creosote-xylene 2 or 3 times, agitating the slide constanth' 
for even decolorization or until most of the excess red color leaves the section 

7. Blot, clear for tAA’o minutes in xA-lene and mount in mim dammar 


FOR PARAFFIN SF.CTIOXS 

Deparaffinize section Avith tAVo applications of xylene and tAvo applications of 
absolute alcohol or isopropanol: bring doAui to tap Avater and then proceed witl, 
the method de.scribed. ^ oceea AAitli 

With the use of this method, nuclei arc red. m-am-positii'c oi-anff-ms blue 
gram-negative organisms red. devitalized gram-po.sitive or-ani.sms 'red ' n ’ ‘l ’ 
nnd .-.olinonyocs bluo. Nosri boclio. l,rigl„ .rf ,vitl, 

hiinn sometimes blue and sometimc.s red. uic.-s, ana 

All the staining solutions are stable. 


sitmmauy 

A ncAv. simple, and raj.id n.elhod for ,he dcnmn.stration of ^o-.n ■ ■ 

ami gram-neuative organisms in frozen and liar - ^ ■'^‘^ni-jio.sjtive 
fixed tissues is presented. It has the particular advmitTi'nf'^^ ^^’''xoldohyde 

-I'aniage of demon.sti-ating the 
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devitalized forms of f;ram-positive or^ianisins. Tlie slaiiiiiiir solutions used are; 
methylene blue, fuchsin-creosoto, orcosnlc-xyleiie. 
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LITMU.S I’AIM-IK DlSl’KXSEIl® 


E. E. Bron.M. A.B.. Bnn.iPi'i, ^V. V.\. 


I N USING litmus paper to lost tlic acidity of urine tlie usual method of taking 
a strip from a vial and tearing off a piece tends to l)o wasteful of paper and 
is othenvisc unsatisfactory. 




Fig. I. 

The use of vials filled ivith cut squares to be removed by the fingers likewise 
has its disadvantages in that the fingere must be dry; else some of the paper may 
be ruined, etc. 

^rom The Myers Clinic Labor.-itory. Philippi, W. Va. 
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To eliminate these clifiicultics "wc have devised a litmus paper dispenser, 
which has proved to he a distinct aid in our laboratory. A Petri dish is used 
to hold squares of litmus paper (best cut from one strip at a time so that they 
will not tend to stick together). The dish is divided into two eompai-tments for 
red and blue paper by a piece of 7 mm. glass rod, cemented to the glass by house- 
hold cement. A pair of tweezers is used to pick up the squares of paper. 

Pig. 1 is a photograph of the dispenser. 


THE COhEBINING POWER OF STAPHYLOCOCCUS TOXOID 
AS AN IDENTITY TESTf 


Lyon P. Streax, hl.Sc., Ph.D., D.D.S., Moxtre.al, Canada 


M any favorable reports on the use of staphylococcus toxoid in the treatment 
of localized staphylococcal infections have now appeared ( Dolman, ^ Connor 
and JIcKie,* Whitby,^ and IMurray*). The control of innocuity and antigenic 
potency of this product is governed adequately by the regulations of the National 
Institute of Health relating to staphylococcus toxoid. The same regulations also 
require identity tests, where possible, for aU biologieals. 

It is the purpose of this commnnication to outline a procedure which has 
proved satisfaetorj- over a period of several years as an identity test for staphvlo- 
coeeus toxoid. 

The method employed for identifying staphylococcus toxoid consists essen- 
tially of its ability to combine with staphylococcus antitoxin in the presence of 
rabbit red blood corpuscles as an indicator. It is necessary to have staphvlo- 
coceus alpha toxin of suitable hemoL-tic power for rabbit red cells. 




The first step in the procedure is to determine the lethal dose of the toxin 
and this is done in the following manner. Serial dilutions of toxin are made in 
ten serologic tubes so that Tube 1 contains 1 c.c. of a 1:10 dilution and Tube 1C 
contains 1 c.c. of a 1:100 dilution. Standard staphylococcus alpha antitoxin h 
added to the tubes in constant quantity so that each c.c. contains 1 International 
Unit. One c.c. of 4 per cent washed rabbit etythroe.nes is added to each fiZ 
and the final volume is made up to 4 c.c. with phv.siolooie saliop mE. + r 
iMubatod in a water bath (or sintv minnte at'37°T T fhe ‘nbos aia 

found in Table I. t at 3, c. A sample titration is 

The 50 per cent cud point is observed in TnEo 7 , u- i. 
eoeens tosin in « diin.ion of l:2r, and the lethal 

In order to establish the identitv of the unknou-n rra + • i 
to^?), the titration is altered sommvhat so that the 

;S""' 
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taiiu'd ill llu' lirniolylir syslciii. One c.c. of the inali'ri.'il may lie <Iilul<!(l 1 :2 ar 
1 :4 ami is added in eoiistanl <|nantily. A saiiijtle lilratioii is fouiul on Talile II. 

Tints it is observed that hy the addition of ilie nnicnown material to the 
hemolytie system, the at) ])(‘r cent end point was nmverl fi-om Tiihe 7 to Tube fl. 
])rovinp: that eomhination has taken jdaee between the unknown material and 
sta])hyloeneeiis antitoxin. The only variable between the two hemolytie sy.steni.s 
bcinir the unknown in the seeond titration; therefore. t<ie eonelnsion ean .insti- 
fiably be drawn that the unknown material must be staphyloeoeeus toxoid. 


'J'Aiii.r 1 

Titi’-xtiox to DirrreMi.vr. I.k.tiiai. Dost; or ST.'.riiYi.oi oet rs .Vi.eiiA Toxix 
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CON'OI.ISION.S 

The ])roecdnre deseribed for the idontifusition of stajihyloeoeens toxoid is 
simple and cfticicnl. Sinee the letltal dose of the staidly loeoeeus toxin must he 
determined as one of the mandatory te.sts in the establi.siunent of the iiotency ot 
the material, no added suhstaiiees are neee.s.sary in the ])erformance of the 
identity test save that of the material under test. 
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RAPID BIOLODICAD :METII0D FOR THE APPROXDLATE 
DETERMINATION OF ACETYLCHOLINE AND POTASSIU:\[ 
IN BODY FLUIDS- 


Claka Tokda, Ph.D.. M.D., Nkw York, N. Y. 


•^HE acetylcholine content of body fluids is usually determined by biological 
A methods. Since potassium affects the result and its content in the body fluids 
varies greatly, it is necessary to differentiate its effects from those of acetyl- 
choline. The differentiation is pos.sible by the combined application of Dvo 
or more of the methods in common use. Some of the more common methods 
are: 

(1) Chemical determination of the acetylcholine content. 

(2) Chemical detenaiination of the potassium content. 

(3) Comparison of the effect of A-arious dilutions of the body fluid on a 
sensitive tissue. 

(4) Precipitation of potassium by permutit (Lanezos.^). 

(5) Comparison of the effect of the unknown body fluid on the biological 
test objects before and after eserinization. 

(6) Comparison of the effect of the unknown body fluid on the biological 
test objects before and after atropinization. 

Such a combination, while gimng reliable results, requires much time. 

This paper describes a rapid method for the approximate determination of 
acetylcholine and potassium. The effects of the procedure are fully reversible 
making a check possible. The method is based on the property of calciiun to 
counteract the effect of potassium. The rectus abdominis muscle of the fro" 
was used as the test object, as sugge.sted by Riesser,- and Chang and Gaddum.'^ 


The rectus abdominis of tlie frog Avas exei.sed and suspended in a muscle 
chamber containing 20 c.c. of Ringer’s .solution (IIT mM NaCl, 9 mM KCI and 
1.8 mM CaCl,). After one hour the Ringeris solution Avas repfaeed for thSv 
seconds by a test solution containing substances cau.sing contraction of the 
muscle. The height of contraction was registered by an isotonic lever on a kwmo 
srapl,. Tl,c .....sd.- ,v,,, tl,™ to,- u-n in Ringer’s 

the procedure repeated until three sncce.s.sn-e e.xposures to a test .solution 
similar responses. At this point the counterbalance on the lever was nrtt.S' i 
so that the height ot the readimi on tiic kvmo^raph avis thr i *^-Rmted 

experiments. Tlu-i, the muscle Ava.s exposed to a ser es of 1 < 7 

.seconds and washed with Ringer’s .solution for ten minutes i'oi’ thirty 

liA order to eserinize the nm.scle it AVas imniei-sed for fhh-f,- - 
0.00(14 per cent pliysostigiiniie salievlate .s„liu;„,, u , • '"iiuite.s in a 

, , * ' '-‘tAvecii exjiosiires to the 

•Front tlo* I >’ D’tt-tjm nl of 1 r*<,m n t- • ^ 

'‘T fu*** ^ x- 

- • *- i— - York. 
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various test solutious the eseriiiized niusclo was washed first with Hingcr's solu- 
tion for five inimitcs and tlien with physostiixniine for five minnfes. 

TIic test solutions used were: 

(1) Aectyleholine solution containin<r 0.1 to 0.01 inir. per 100 e.c. with 
uneserinized nni.selcs and 0.01 to 0.001 ini', jier ]00 e.c. Avitli e.scrinizccl 
nuiseles. 

(2) 20 to 00 in^r ])ota.ssiuin. 

(3) Both acetylcholine and iiola.ssiuin, 

Calcimn was iire.sent in the various solutions in concent rat ions of from 0 to ISO 
mM. Tlic solutions were rendered i.solonie witii Ivintrer’s .solution hy the addi- 
tion of NaCl. Tlic 1)11 was corrected to 7 when necessary hy the addition of acid 
or basic phosidiatc. Air was huhhlcd through the solutions in the muscle 
chamber durin" the exiieriinents. 

The results were tabulated in inillimctcrs of excui-sion of the lever as 
measured from the records. 


Taiiu; I 

AcKTYi.eitoi.iXK AND I’OTASstuw CoKTK.WTioxR ov THc. Kr.CTC.s Mvi'ru; IS 

Pr.i.ATios TO Tin: CAi,ciii.\t Co.N'cr.STr.ATios' 


SUURTAXf’i; 

NO. or 

K.\rTR. 

AVia:.\oi; coxtiiactiox in ria; ci.nt or that oiiTAixrn 
i.v laNOKu's .s()i.rTiiiN* (Ca 1..S m.M) roi.i.owr.n iiv 
KTANDAKI) lamOH 01' MIltN 

IS mM 
(■•aCh. 

ati mM 
raPI:; 

.■>•1 niM 
(’a('l.. 

00 HIM 
CnCU 

ISO HIM 
CaClo 

Acetylcholine* 

2.'. 

no t 1.0 

.s.'» ± 0.0 


SO ± 1.1 


20 mM Potassium 

2.') 

;!.■> ± o.'i 

]i> ± o..-> 


1) i i.i 


•10 mM Potassium 

2.1 

± ().<) 

t 0.0 


31 ± 1.0 

•1 ± 

00 mM Potas.'ium 

10 



± I.! 

IS ± 1.0 

5 ± 1.0 

Acetylcholine and 20 
mM Pota.ssium 

10 

a."> ± 1.0 



no ± i.n 


Acetylcholine and dO 
mit Potassium 

10 


li.'i ± 3.0 


+ 3.0 



•For concentration of acrtylcliollne .«c*c text. 


iu:,sui.Ts 

The Effect of AcctijlcJioline in the Presence of Vorious Concentrations of 
Calcium . — The results, summarized imTablc I and Fig. 1, .show that an increase 
of the calcium content of the aeet.vlcliolinc solution from l.S to IS mi\I decreased 
the height of contraction caused by acetylcholine by about 10 per cent; and an 
increase of the calcium content, to S)0 mM decrcasod tlic hoiglit of contraction l).^ 
about 20 per cent. Tims, varying tlic concentrations of calcium in the test 
solution had but little effect, on the height of contraction caused by acetylcholine. 
This was true with both eserinized and uncserinized muscle, the only difference 
being in the absolute concentration of acetylcholine necessary to in-oduce the con- 
traction. 

The Effect of Potassium in the Presence of Various Concentrations of 
Calcium . — The results arc given in Table I and Fig. 1. The}' are expressed as a 
percentage of the response to solutions containing respectively 20, 40, " 

mj\I potassium in the otherwise standard Ringer’s solution (Ca, l.S mJl). 
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effectiveness of all those potassium solutions fell off rapidly as the calcium con- 
centration %vas increased. At the higher potassium concentrations slightly more 
calcium was required to produce a given reductiotr in the response, but for all 
three concentrations ISO mhl calcium cau.scd a reduction in the average response 
to 5 per cent or less of the control value. 

The Effect of AcciijJchoUne Plus Potassium in the Presence of Various Con- 
ctnfrafiens of Calcium. — The contracting effect oi a solution containing acetyl- 
choline and potassium is greater than one containing acetylcholine or potassium 
alone. 



In the first scries of experiments tlie muscle re.snonse to e 
0.1 .0 O.OI „c..v,cl,„li,.c per 100 e.e., 20 poS™ eS Ar 

was recorded. An increase in the calcinm content to IS a 
el eemrnetiep 1„- ab„„> 33 per eepl, and „„ incrll 1 

to 90 niitl caused a 44 per cent decrease. In flic .second ' ^®^_^cntrati< 

muscle was cxpo.scd to a solution conlamhm ^-^'Perimeuts tl 

100 e.e.), 40 mM po,»si„,„ e, "hm 1 "-M ”>E- P 

o[ tke ealcium eo 


, I ()12 


Tin; .lOl.TtNAI, Ol- l.AnoUATOIIV and (T.IXICAI. .MKDlCINi; 


ccnlratioTi 1o HG niM dccrcastnl (In* hoitrlit nf ccmlraclitui by Ga jior (‘ciit, and an 
increase of tlio calcium conccnl ration to GO iiiM oanscd a -l-t ix-r cent decrease. 
Thi.s effect ivas observed with imtli eseriiiized and niieserinized iimscle. file only 
difl'orcnee bein<r the eonemitration of aeelylelioline rcfjnirefl to jn-odiice the con- 
traction. 


A .serio.s of c.xjK'rinicnts paralleliinr tlie e.vperiiiient.s de.seribcd aliove in 
ivliicli jiroteins were added to the test .solution have been carried out n'ifii results 
sirnilai- to those sninmarized in Table I ami Fi". 1. 

Tile teeliniipie described may In; used for an appro.vimale determination of 
tlu‘ acetylcholine and potassium content of an nidenown solntion by (lie follmvin;; 
procedure; h^'icst. tli(‘ es(*rini?.ed rt;ctus abdominis of the froT is immersed in the 
unknown solution, the beiirlit of contraction reyistc'cisl. 'riien to an aliipiot, GO 
mi\l calcium is added and the contracliny effect of this .solution is mea.surcii. 
If the inereaso in tlie concentration of calrdiini does not modify significantly the 
hei'.dit of contraction, it may be assumed that tin- original .solution contained 
acetylcholine and little or no pota.ssium. If on the other hand (he heiL'ht of con- 
traction is decreased by 80 or 5t0 per cent, the .‘••olution may be a.sstimed to 
contain pota.ssium but no acetylcholine. If an intermediate result i.s obtained, 
it. may be a.ssumed that both pota.ssium and acetylcholine are pre.sent in (he nn- 
Icnown solution. 

The method can be u.scd for quantitative estimation of (he aect.vlcholine or 
pota.s.sium content, of an unknown solution; 

If the solution contains acetylcholine alone, the acetylcholine content can 
be e.stimatcd by comparinfr (he heijiiit of contraction of (ho mu.sclc imnicr.scd in 
the unknown .solution with the hei<rlit of contractions caused by known solutions. 

If the .solution contains potassium without ai'etyleholine. a determination 
of the amount of ]iota.s.sium is imssible by varyini: the calcium concentration 
of the .solution. If the addition of 30 niM calcium deerea.sed the heiirht 
of contraction by about SO jier cent, it may be assumed that the unknown solution 
contains about 20 iiilM iiota.ssium. If the decrea.se is Ga jiei’ cent, the original 
.solution probably contains 40 ml\r ])o(a.s.sium. jind similarly if the dcerea.se is 
50 per cent, the .solution jirobably contains GO mid iiota.ssium. 

With a solution that contains both acetylcholine and pota.s.siinn a .similar 
procedure can be carried out. b’or e.xamjile. if the addition of IS niitf calcium 
to the unknown .solution results in a 35 per cent decrease in the height of con- 
traction, it may be a.s.sumed that the .solution contained about 20 iniM potassium. 
Similarly if the addition of 3G mid calcium to (lit unknown .solution rc.sul(s 
in a 35 per cent dcci'ca.sc of the height of contraction, (he .solution confained 
about 40 niM potassium. After estimation of the concentration of pota.ssium ol 
the unknown fluid, the aect.vlcholine content can be estimated b.v the usual 
method indicated above. The height of contraction caused li.v the unlcnoMU 
solution must be comiiarcd with the height of contraction ])roduced b.v known 
.solutions of aect.vlcholine di.s.solved in the .same concentration of pota.ssium as the 


unknow'ii solution. . ^ 

The pota.ssium conicnl of the unknown .solution iiia.v also be determine*. . 
plotting the height of contraction of the rectus abdomini.s. as e.xprc.s.sed in pei^ 
eentage of the finst contraction, against the inerca.se of the calcium eonten o 
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tlio fluid. J3y ii {zrudiuil iiicrciisu of fho fjilciinii ooiiloiit from zero to a liijjh ron- 
rentratmu tlio <‘uvvc obfainod is a liyporbola. A.s tlio ratio of tbo K/Ca oonteot 
of file solution decreases towards unify, tlic'curve fall.s sharply. As the ratio 
becomes less than unify, the curve starts to level out and approximate asjunp- 
totioally the base line. 

The body fluids contain bufifei’s, most of which form in.soluble salts with 
calcium; therefore, a correction must be made for the amount of calcium pre- 
cipitated. This can lie accomplished by adding calcium in .small amounts until no 
further precipitate is fonned. Any further amounts of calcium added remain 
for the most pai-t in solution and are available to coimteract the effect of potas- 
sium. The pH of all solutions must be corrected to the same level, since the 
height of contraction varies with the pH. 

Immei-sion of the muscle for a few minutes in Ringer’s .solution is sufficient 
to reverse the effect of a few minutes’ immereion in calcium. 

The method Avas tested for urine. Acetylcholine (0.1 to 0.001 mg. per 100 
C.C.), potassium (20 to .50 mi\[) or both acetylcholine and potassitun were dis- 
solved in urine and the added amount determined. The difference hetrveen 
the amount of substances added and that estimated by the muscle test was le.ss 
than ±15 per cent. 

DI.SCUSSIOX 


This paper offers a method of determining the approximate content of acetyl- 
choline and/or potassium in an imknown solution based on the effect of calcium 
in counteracting the effect of potassium on the rectus abdominis muscle. 

The method is only approximate because of the following sources of error : 

(1) The calcium-potassium antagonism on muscle contraction is not ab- 
solute. 

(2) The original calcium ion content of the unknoA\Ti solution is not knoum 

(3) It is difficult to estimate the exact amount of ionized calcium in case 
some of the added calcium precipitates. 

(4) The unknown fluid might contain other .substances which cause muscle 
contraotion and which are more or less influenced by calcium. 


The above studies prove that the effect of acetylclioline as a contraction- 
producing agent is somewhat modified by an increase in the concentration of cal' 
eium in the sun-ounding fluid. They also prove that the contraction of the 
muscle is due not to an excess of potassium per se, hut to an jnerea.se of the 
K/Ca ratio. The calcium-potassium antagoni.sm is not a simple relationshin 
■smcc exceedingly large amounts of calcium are neces.sarv to eoimtov^cf r.J' 
plot ply the effect of potassium. com- 


suaijiaky 

(1) .V biologic method for the rapid estimation of acetvlchnUn„ 
potassium content of body fluids is offered. The metPnrl 

antagonism helwoen calcium and pota.s,sium on tJie contraction '''' 

abdominis muscle of the frog. ** Ihe reeti 

(2) The contractiii" effect of aeetvjejiolinp p f} 

influonepd by a large cxce.ss of calcium. ' - m ic mu.sele is hut slight! 
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(3) TJie eonJraclioii oanscd by ])ota.ssitiiii can i)e jnvvcniofi alinosl com- 
pletely by a lar"c anunint of calcium. 
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A .STUDY OF PKFSHKVKD ('OIIPUKIIKNT® 


Paul Fi'cazzotto, M..S.. Oka.n'D IfAi’ins, Illicit. 


T he most uncertain factor in complement fi.vation tests lias aluays been the 
eomplomcnt itself, .since it is practically impossible to preilict hou’ Ion;-' any 
particular lot. of freshly drawn guinea pig scrum will retain its potency. 
Especially distressing is the instability of complement diluted for tc.st.s; and 
it is perhaps bccau.se of thi.s instability that .some attempt.s at eomiilcmenl fixa- 
tion have met with little sueec.s,s. 

During recent years, however, .several worlcei's have attemiited to rechioo 
the factor of uneertaint.v by various methods of jire.servation. fJin.sburg and 
KaliniiP re])ortod .satisfactory pre.servalion of guinea jiig eomjilement for three 
to four months by addition of 100 mg. .sodium chloride and dO mg. boric acid 
per e.c. of .serum. The method used in the present study is ba.sed on the one 
de.scribcd by lhe.se authors and diflers mainly in that 30 mg. instead of 100 
mg. of .sodium chloride were used. 


PREPAUATIOX OP PRE.SKUVKn COMPl.F.Ml'.XT 

For each pool of eomiilcmenl serum, 8 to 10 c.e. of blood wei'e drawn by 
cardiac puncture from each of four or more healthy adult guinea pigs, under 
ether anesthesia. The blood was collected scjiaralcly in sterile Petri plates, 
left at room temperature for an hour, and in the cold room four to twentj 
hours. (Petri plates were used to allow greater surface for evaporation of the 
ether Avith which the blood becomes saturated during anesthesia.) The clot.s 
Avere carefully removed, ax-oiding hemolysis. The clear sera Averc obtained b.A 
the minimum amount of ecntrifugalion and jihaced immediately in the eok 
room. Within tAventy-four hours after bleeding the animahs, a portion o 
each serum Avas removed for titration according to the technique giA'cn latei. 
In this titration, unless there Avas complete licniol.A’sis of one unit of sensitize 
sheep celE in the presence of less than 0.05 c.c. of the 1 :15 diluted complement, 
the latter Avas not included in the pool. 

The satisfactory sera Avere pooled in a large sterile test tube fitted '' 
cotton plug. After the volume had been determined, SO mg. of sodium cli 
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;ind an excess (40 intr.) of i)nlvcrizecl boric acid were added per c.c. of scrum. 
If it were not jmssiblc to lilralc tlic sera witbin twenty-four hours, propor- 
tionate amounts of the salts were added to the individual sera ; the mixtures 
were shaken till it was certain that all the sodium chloride liad dissolved; and 
the titrations were done later. Since boric acid dissolves very slowly, the mix- 
ture was agitated about three times daily for two days to in.sure maximum 
solubility. When the odor of ether was no longer detectable in the scrum, the 
cotton plug was reidaccd by a cork stopper to prevent further evaporation. 

I’REPAKATION OF THE REAOEXTS FOR COJIFEEAIEXT TITRATIOXS 

Washed Sheep Blood Cells. — The cells of freshly di-ami sheep blood were 
washed four times in large volumes of physiologic salt solution, and a 5 per- 
cent suspension was made in saline. 

Sensiihed. Sheep Cells. — The sheep cells were sensitized by mixing the re- 
quired volume quickly and thoroughly rvitb an equal volume of amboceptor- 
diluted according to titer. The suspen.sion was again agitated ever-j- five min- 
utes for fifteen minutes, at which time it Avas considered ready for use arrd 
was discarded after one and one-half hours. Of this suspension 0.2 e.c. were 
used as one unit. 

Titration of Amboceptor. — The amboceptor titer was detcr-mined as the 
highest dilution of amboceptor to the nearest 100, producing complete hemol- 
ysis of the cells in the presence of 0.05 c.c. of 1 :15 diluted complement. 

Because any .slight error in the preparation of dilutions might result in 
amboceptor of varying potency and because the blood cells of different sheep 
vary somewhat in fragility, care Avas taken in so far as po.ssible to standardize 
these tAA’o reagents, thereby leaving the complement as the only significant 
variable thoroughout the period of the experiments. 

Complement. — Throughout the entire period of this Avork the complement 
sera Avere used at a dilution of 1 :15. Dilutions of unpreserved complement 
Avere made Avith physiologic saline. Preserved complement AA'as first made 
isotonic to normal serum by diluting it I-.IO A\-ith distilled Avater, and then 
made up to 1 :15 AAUth physiologic saline. 


TECHXIQEE of COMPEEMEXT TiTRATIOX.S 

A series of several tubes Avas .set up for each specimen of complement and 
various aiAAouuts of the diluted complement Avere pipetted to the bottom of the 
lubes. To each tube Ava.s added 1 unit of .sen.sitized sheep cell .suspension \s 
each rack of tests Avas completed, it Avas shaken thoroushh', and placed 
atcly in a water bath at 37° C. for fifteen minute.s. The titer rcLrded Avas the 
smallest volume of dilvAtcd complement, to the nearest 0 005 ec •• 
complete hemolysis of the sen.sitized sheep cells, as indicated 
spection. * ‘ 


in- 


I.l 1 ECT Ol AOl. AXn TEMt I.U.ATEI.I. ON THE STARII.ITY OF PRESERATO) CO.AIP; F.AUrxi 
At vaiying into'vals over a period of sixteen months • ' 

lions Avere made on 20 pooled cuinea Yus sera of A'an-in" 

during this time and stored continuouslv in tl.l ^ ^ccunuilalec 

me com room at .5° to S° C 



dl\») 


KilG 


Tin; .loiiKN'An oi' i.ahokatduy a.vp CMNicAn mi.dktm: 


Om; ol liu'so serii, nlrciidy two iinil ono-IiaH' iiionllis in storatjc, was sc- 
Iceted to (Ictoniiino tin* (‘llVct of intcniiillcnt cxiiostiro to liij^licr tcniporatiiifs. 
This coniplcincnt was ilividtsl into three ])orlions. the fii’st of whieli was kejit 
eont innonsly in tlie eold room. 'I'ht* seeond and tliird portions W(‘re also stored 
in the eold room when not in use: hut at some arhitrarily set time before 
titration, the seeond iiortiun was tran.slVrred to room lemperatniv' (2*)° to 
32° (k), and the third to a 37° ('. water hath. 'I'lnm samples of eaeh imr- 
tion were diluted 1 ilo for titrations. 

HfsuUs . — In eonsideriii" analysis of (iraph 1. it must he rememhered that 
the eomjilement used was already two and one-half months old at the tirsf point 
])lotted. The “eold room"" curve, which followed a course similar to tliose ob- 
tained for all the poolerl sei'a tested, continued a straiirht line foi' twenty-two 
•lays mor('. No test was made hetweeii tiie twenty-second and forty-first days, 
hut tests with other s(‘ra indieateil that the curve would have continued a straiiiht 
line to the thirtieth or thirty-fifth day. Ihmee. i)reserved eomplemenl kei»t in 
the eold i-ooiu would retain its activity practically constant for thire to four 
months. 



Daya: osulatiro tt-o at apaelflad toaporatupa. 

Grapli I. — ICffcrt of tfMjiprrMturc on ^^tnhUlty of tin<UUilo<l prt'st'rviil cninplrjnL‘nt intllcatod b> 
c.c. of 1 :!:*» tiilution roquirod for coiiu>I»*lo of 1 unit of .wonFltlr.cu ecus. 

The coinploincnt was alnjady L'.r» niontha olil at tha br^jlnnln^ of tha axporlnirnt. 

•Sera ware not left continuously at the Panperaliire spoeilhMl, but stored In the cold room 
between tost periods. 

On the other hand, intermittent exiw.sure of the eomjilement to hiirhcr 
temperatures increased the rate of deterioration, as indicated by the more 
rai)id drop in the other two curves. 

Kl'KKCT OF ACK AXO TKAII’KnATFnK OX STAUn.lTV OF DIlitFI'Kl) I’lJKSKKVKO 

COMFI.KMKXT 

Samples of .several ])rcserved sera were diluted 1 :1o. The dilutions ^eie 
.stored in the cold room and titrated at intervals of ai)proximately twent,^-iou^ 

lioui-s for several days. .mutont 

One of these diluted sera, selected to determine the efl'ect of 

exposure to higher temperatures, was divided into tliree 

these was kept continuously in the cold room; the second and thncl 
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stored in the cold room when not in use. At some arbitrarily sol lime before 
titration, the second portion was transferred to a cold water bath (10° to 20° 
C.) and the third to room temperature (25° to 32° C.)* Then samples of 
each were taken for titration. 

The “cold room” eurve in Graph II indicates that the dilution 
of pre.servod comjrlement kept eontinuon.sly in the cold room retained prac- 
tically constant potency for twenty-four to forty-eight hours. This was also 
true of the several other diluted .sera tc.sted, some of which retained their 
potency still longer. 

On the other hand, intermittent exposure of diluted complement to higher 
temperatures increased the rate of deterioration as indicated by the more rapid 
drop in the other two curves. 

DI.SCU.SSIOX 

It has long been known that fre.shly drarnr guinea pig eomplement can 
no longer he used three or four days after drawing. Furthermore, it has been 
the experience in the present study that a dilution of unpreserved comple- 
ment demonstrated appreciable deterioration u-ithin eighteen to twenty hours 
even if kept at cold room temperature. 



Graph H. — Effect of temperature on stability of ililuteU (1:15) 
by number of c.c. required for complete hemolysis of 1 


preser\-ed complement, indicated 
unit of sensitized cells. 


‘Sera tvere not left continuously at the temperature specifled but stored 
between test periods. 


in the cold room 


From the data presented it seems evident that complement prepared ac- 
cording to the method described will remain satisfactory for a much lon^er 
period of time (three to four months) comparing favorably with the comple 
metu of Ginsburg and Kalinin. For best results, however, it is nece.ssarv to 
avoid exposure of the complement to temperatures above 5° to 8° C for* 
considerable period of time, especially during the fii^t twentv-four hourrafw 
obtaining the blood from the guinea pig.s; that i.s. during the time wlmn thr 
..Us have not yet been added. The stability of eomplement seoZ\l I 
in p-cat degree upon its plane of potency at tlie time the preservatives ^ ^ 

added, an oceasional pool retaining .satisfactory aetivitv for a« 1 
nioiiths. From tliis it also followed that the stahilitv o'f the dilnU.d" T''" 
incut deiieiided upon tl.e status of the pool from winch if was niade.^ 
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lion of :i v(!ry j)ooi‘ jiool, one limt hail a^eil considerably or one that was poor at 
the very hefrinnin^:, was likely to he less stable than a dilution of a fsood pool. 

Comi)lenient pre.served by freezintr and dryiii", neeordintr to Flosdorf. 
Boerner, Lukens, and v\inbler,- apparently retains its activity for period.s a.s 
long as three yeais. The later method of Boerner, Flosdorf, and Lukens,^ of 
freezing and drying after addition of .sodium acetate and horic acid, also has it.s 
advantages. But tlie advantage of a method like the one described in this 
study is that it does not nece.ssitate having special apparatus which might he 
too enmber.sojne as well as too e.xpeiisive for a small laboratory. Furtherinore, 
it is rather imi)ortant to know how the frozen eomjdement behaves after dilu- 
tion for use. That is, if a dilution of this complement is only as stable as a 
dilution of fresh complement, it would .seem from the results of the iire.sent 
study that there is an added advantage in the salting method. 

SUMMARY 

Data are presented concerning the nature of complement i)rescrvcd with 
.sodium chloride and boric acid. 

Comjdemcnt preserved by the methoil de.scribed retains its activity for 
three to four months. An occasional ])oo! was found satisfactory for as long 
.as six months. 

This com])lemont diluted to titer retaimsl it.s activity almost undimini.slied 
for twenty-four to forty-eight hours when kept at to 0, 

The importance of tcmi)erature is strc.s.scd, and a cold water hath is sug- 
gested for complement (diluted or undiluted) that must be kej)t out of the 
cold room for any length of time. 


CONCI.U.SIOK 

The use of sodium chloride and boric acid in the manner de.scribed is a 
satisfactory method of ])rc.scrving guinea pig com])lement. The use of comple- 
ment so pre.servcd should lend to iucrca.se the uniformity and dcijondahility 
of the results of complement fixation tests. 
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AN BIPROVKI) FEEDim FOR GUINEA PIGS^' 


Stewart II. IVi-nsTER, Pii.D., Euvix J. Ln,jn«Ri:K, ant) Dav/d J. ZiMni-n 

Bkthesda, !Md. 


T he frequent necessity for accurately measuring the quantity of pellet food 
consumed by guinea pigs on experiments led to the development of a type 
of feeder which has been in use in this laboratory for nearly a year. This device 
offers several advantages over the old style of open box. (1) Contamination of 
food is reduced to a minimum since the feed opening is ad,iu.stable to the size of 
the head. (2) Very little food is last since the animal has to insert its head 



into the opening in order to secure food. (3) The camr-Px- rxf j- i 
550 Gm. of pellet food, is sufficient for four or five anii;als for feSal 
(•t) By reducing contamination and food loss the use of thn^r. r i * “ * 
in a considerable decrease of food co.st. This sa\-inn’ i re.sults 

differen ee in eost between these feeders and open cups for the 


^ .. ‘I'rom tlif Divi.-sion of Industrial Hvci<>n/> x-„.- 

Public Hc.aith Service. Federal Security .Xgt^icx- ' ' Ins'itute oI 
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THK JOlUiNAIi 01’ IjAIIOKATOHV AM) CIAXJOAO MICDICIXi: 


vMdtoi!"'}) f('od(‘r.s of wood or nuisottilc nro ^(‘rvtrordih' for ii liinitcfl 

limo, nu(‘s ('oiislriiftod of .slicct iron ;ir)‘ rcsisljoil to olicwiiifr ))y flio ;iiiim!ik 
Tile nccoinjinnyiii'j dniwiii^ .show.s dctnils’ ;nid diiiioii.sioiis for feeders iri:i(lc of 
No. ‘22 'jiuiiio fioiviinizi’d iron. Tin> l)ox. ronsi.stin^ of four sido.s with a l>oUoia 
.‘loldorcd in. lias a smoothly foi-med fee*! oixmiiifr, d, (lio siz<' of which is rc!:- 
ulatcd l),v Dm .slotted koIc, f/, wliich is adjustalih* and can he hx'kcd in position 
by the screws, .S', and nuts, i\', .soldered to tin; side. The hofloin of the crate is 
bent U})ward Jind baelcwai'd in oialer to eliminate an.\' slinrp edire which inijrlit 
cut the animal. Tlte )>ln1e, P. ‘oT’i inelies Ion<r by o'JJj inches wiile, kceiw the 
feed in the hopper and is nmioviilile foi’ cleanintr. The top (if this plate is bent 
as showji, and the lowei’ part is held in jiosition by the brackets, /f, soldered and 
riveted to the side's. The po.sition of fhe.se brackets governs tin* throat .size at the 
botloni of the ])late and conserpn'Mfly the flow of pellet.s. >\bont 'Vi im’h is 
satisfactory for this throat width usiji;x cylindrical jielb'is havin.ir diameter.s of 
about •)],. inch and lentrtiis rancrincr from Vs to V<i inch. The feeder is covei’ed 
with a fop, 7’, the edires of whie'h are bent inward .so that friction jirevenl.s the 
animal from knoekinir it ofi‘ in ea.se it should-climb on top. Fiinill.v. the elij), ('■ 
riveted to the back, serves to hold the feedtU’ securel.v to the eacxe and iireveiit.s 
up.settin<r. 

Wo wish to tlianl< Mr. It. It. ( JrnonM*.**’. iMiroiimn of t))“ Shc‘*t Mt.-tnl Shop, for ^siipco^^tion.® 
In thf <Io.«|j;n of thi.s fo^Mllnp <1 pvIo<'. 


A PAPIJ) itlUTJfOJ) FOR DFTHR.tlhNlNf.’ TJIK SFLFO.NAMIDK PPUD 


OF CirOICE* 


PonrcKT.]. Arwiaa-, A.B., RtcitAKO P. .Sk.xto.v. A.H., axo i\lARV A. Po.stox, ^I.A. 

Ol’RltAM, N. C. 

I N SULFONAitn I)1‘] therapy, the choice of the drncr, its (bxsacre, its efl'eefive 
blood IcA’el, its reactions, etc., de|iend both on the patient and the infeetinu: 
or<ranism. Bacterieidal te.sts of the patient's organism with the various sulfa 
drujrs are desirable .so that the most etfeetive one can bo selected as ([uieki.v as 
po.ssiblc. A ju'climinary report de.scribiufr a i-apid method for the determina- 
tion of the drup: of choice in cultures of the blood, s])inal fluid, nose and throat, 
sputum, and wounds is presented. 


MATKIIIAUS AXt) MKTIIODS 


.Sulfanilamide, sulfap.vridinc, .sodium .sulfap.vridine.t sulfathiazole, .sodium 
sulfathiazolc, sulfadiazine, and .sodium sulfadiazine were chosen for the experi- 
ments because of their ada]>tability to clinical use. Stock solutions of tlic drups 
were made in beef-infused buffered broth, t pH 7.4.' usinp: a 100 mg. per cent 
concentration of sulfanilamide and the .sodium .salt.s, and a 15 mg. per 100 c.c. 
concentration of .sulfa]).vridinc, sulfathiazolc, and sulfadiazine. 


•From tlio Deimrtnient of BacteHoIosj’. Duke Univer.sit.v School of SloiUcino and Duke 

Received for publication, February 3, 13*13. 

QoiUum were used so tliat hl#Tber concentration of the OruPfi could bo obtameu. 

cmno bfi time concentrution of the clriiff ami that of It.s ..^o.lhim salt are not nhva.v.s “'"Pmab e 
? "S'?Jl’^»nh{h?f!nn offecU both forms of the drufr were used for these experiments. 1 

[uesent time, no explanation can be given of this dl.sciepiinc.v, which Inus been noted in pre\ious 

experiments. 

^Sce footnote on page 1G21. 
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BDdcvcd boct-infuscd (3.5 per cent) agar,"* pH 7.4 was used as the stock 
medium for pouring plates. This was tubed in 8 c.e. amounts, to which were 
added varying amounts of the broth filtrates of the drugs. The final concen- 
trations of the drugs used in tlic experiments were 20, 10, and 5^ mg. per cent 
of the sodium salts J 20 and 10 mg. per cent of sulfanilamide, and 5 mg. per cent 
of sulfapyridinc, sulfathiazole, and sulfadiazine. 

BLOOD 

fifteen cubic centimeters of the patient’s blood are introduced into a fla.sk 
containing 4 c.c. of 2.5 per cent sodium citrate solution. One cubic centimetei 
of the citrated blood is added to each lube containing molten agar (cooled to 
40° C.), sulfonamide solution, and broth. Control plates contain agar but no 
sulfonamide. If the patient is receiving chemotherapy, one plate is pouied 
using agar containing 1 mg. per 100 c.c. para-amino-benzoic acid. The cultuies 
are incubated at 37.5° C. 

Table I 


Chart Showing Ixhibitiox of Growth of Pxf.umococcl'.s, Type 27, ix Clt-tcre of Blood 
After Eigiitf.f.x Hours’ Exposure to Sulfoxa.mides 


SULFA- 
XlLAltlDE 1 

10* 20 

SUhFA- 
PYRI* 
DIXE 1 

5 

somuir 

sui.fapyridixe I 

5 10 20 ' 

i St'LFA- 
TIIIA- 
ZOhE 

5 

‘ SODIU.U 

.sulfathiazole 

5 10 20 

KULFA- 

blA- 

ZIN'E 

5 

SODIUM 

SULFA- 

DI.AZIXE 

0 10 20 

0 0 

-H- 

•W-V -M-++ 4-'^-++ 

-MH- 

-HH- -i-H-f- f 1 ■ ! ; 

0 

0 0 0 


•MilUgrams per cent. 

+ + + + =: Complete inhibition. 

+ + + = T.t per cent inhibition. 

+ + = r.O per cent inhibition. 

+ = 2a per cent inhibition. 

Table II 


Chart Showikg Ikhibitiox of Growth of Beta Streptococcus ix Culture of Xose axd 
Throat After Eighteex Hours’ Exposure to Sulfoxajudes 



SELFAXILAMIPE 

10 20 

SCLFA' 

PYRI- 

UIXE 

5 

SOPU'M 

SULFAPYRIDIN'E 

5 10 20 ! 

srhFA- 

TII/A- 

ZOIX 

5 

SODIUM SUE- 
FATHlAZOLE 

5 10 20 ! 

SUEFA- 

DIA- 

ZIXE 

^ I 

SODtUJC SUL- 
F.VDIAZIXE 

5 10 20 

-H-Hf 

•4-f- 1 

++ +++ 1 

0 

000 

0 

0 0 0 


After eighteen hours’ incubation, if colonie.s are vi.sible in the control 
plates, colony countii are made of the controls and the pJate.s containing the 
drugs. Smears of the colonies are made and stained by Gram's method and 
the organism is identified. By this method, the drug of choice can he deter- 
mined at the time the cultures are positive. (See Table I.) 


XOSl: AND THROAT 

The swabs arc placed immediately into tubes containing 10 c.e. of beef- 
infused brotli. As much material as possible i.s washed from the swabs bv 
rolling them against the inside wall of the test tube. One tenth cubic centi- 
meter of the broth is transfen-ed to anotlier tube containing 10 c.c. of broth 
and mi xed thoroughly (Tube 2). The sulfonamide, 1.5 c.c. sterile .sheep’s blood 

‘Hrol!! anti apar conlainlnc J pc-r cent bacto-peijtonr* (Dlfco , . 

of i>ept«nt;-frce nietlui, as Gay and hjs co-workf*rs= hav** jehovvn that used instead 

static In the presence of hacto-peptone. When media conlaininir* bacterio- 
peptone is U«e<i. forty-eiphi to seventy-iwo hours* incubation of tlie'cuUur." baclo- 

coUmles apjHar In the jilates. ^ cultures 15 required before 
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0.1 of the broth iiiixtiin* from Tube 2, .tikI .suffieiciit slock broth to briii" 
tlie volume up to lb e.e. ;ire mbleil to each lulie of molten ajiar (cooled to 
-10° {.!.). and after thoroii'ih mixint:. plates are ])oured. Control jdales are 
])oured usin*; airar without dru,<r. 

After ei^diteen hours’ iueubation, the jilatc's are examined for orfjanisrns. 
]f invsoiit, colony counts are made and the ortranisras are identified. (See 
Table ]I.) 

smxAi. rnuit) 


The spinal fluid is eentrifuired at hiirh speed for fifteen minute.s. After 
cent rifutralixat ion, the supernatant fluid is diseanled, and a .smear is made of 
the sediment and stained by fJrams method. A tube eontainimr 10 e.e. of 
blood broth is inoculated with two to four loopfuls of the sediment, dejiendiii" 
upon the number of organisms i)re.senf in the smear, and is incubated at 37.5' 
C. for thirty minutes. Tlu' sulfonamide solution, l.b c.c. of sterile .sheep's 
blood, 0.1 e.e. of the broth culture of the spinal fluid, and enoti'rh stock broth 
to brinir the volume up to 15 e.e. are added to each tube of molten a.ear (cooled 
to 40' and after Ihoroutrh mixintr, plates are iioured. Control j)lafc.s arc 
poured usin*,'- airar without drujr. The cultures are incubated at 37.5° C. 


T.\iiu: Jir 

CiiAirr Siiowi.NV! iMiimTioN nr Oikovtu or I'.viar.Moeoeees, Tvri; 17, i.v Cri.Tria; or .'Sris.M. 
Fi.rii) Ania: j;KaiT(:f;.v lloons’ K.xrosriii; to .Si:i,ri>.s'.\.Mnir.s 


SITLKA- 

NILA- 

MIIIK 

10 t!0 

srLKA- ; 
rvui- 

DINK 

5 

soimr.M 1 

SrLKAI’VIIIIMNL | 

5 10 20 

SITLKA- 

THIA- 

ZOLK* 

r> 

.SOIUI'M 

Sia.rATIUAZOI.K 

r> 10 20 

ISOLVA- 
MA- 
ZIN’ 1: 

f 1 > 

.soniujt 

sia.rAmAZi.xE 

5 10 20 

4- + 


+.* 44 . -»4 + * 

44.* 4 . 

4-44-* f4.44 

1 +* 

4 4 . f4.4~*- ++++ 


'J'.Mti.i; IV 

CitAKT '.‘Siiowixo l.xmiiiTifiN or OaowTH or .‘STcKcrococcrs llr.Moi.vTicrs i.x Cin.Tiaa; or 
.siiTTC.M Arm: ICKaiTKirx lloia:s’ IC.vcfiscKr to .'Sei.ro.s-A Mines 


SI’I.KAXIL- 

amiim: 

30 20 

si:lkA' 

i’YIU- 

DIN’H 

0 

.soiin:.\r 

.Sn.KAI'YKUHNK 

rj U) 20 

.SILKA' 

TIIIA- 

zoLi: 

5 

SdlUHM SI’L- 
kathiazolk 

“1 10 20 

SrLKA- 

MA- 

ZINK 

5 

soDir.M .sm.- 

rAPIAZIXE 

5 10 20 

4 - 4 - 44 - 4-+4-+ 

44- 

•M-4-4- '•4-++ 4-4-4-4' 

+4-M- 

0 + 4 - 4 4.4-4- 

4-4- 

4 + 4->. ++ 


After eij,diteen hours’ incubation, the plates are examined, the in vitro 
effect ivcne.ss of the sulfonamides is determined, and the orjranisms are iden- 
tified. (See Table TIT.) 

.SI’UTUM 

A smear is made of the sputum and stained by Gram’s method. One or 
two loo])fuls of the .sinitum, dejicnding u])on the number of organisms present 
in the .smear, arc inoculated into a tube containing 10 c.c. of broth. One-tenth 
cubic centimeter of a 1:100 dilution of the s]nitum broth mixture is used as 
the inoculum, and plates are poured, as described above. 

After eighteen hours’ incubation, the plates are examined for organisms. 
If colonies are present, the bacteriostatic effect of the sulfonamides is deter- 
mined and the organisms are identified. (See Table TV.) 


As 


WOUNDS 

The swabs are placed immediately into a tube containing 10 c.c. of broth, 
much material as possible is washed from the swabs by rolling them against 
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the inside ol tlie test tii])e. A smear is made of tlic broth and stained by Gram’s 
method. Dilutions are made according to the number of organisms in the 
stained smear. One-tenth cubic centimeter of the final dilution of broth is used 
as the inoculum, and plates are poured, as dc.scribed above. 

After eighteen hours’ incubation, the plates are examined, the in mtro 
effectiveness of the sulfonamides is dctci’mined, and the organi.sms are iden- 
tified. (See Table V.) 

Discu.?.srox 

The drug of choice can be determined at the time (eighteen to twenty- 
four houi-s) the cultures are positive for growth. In that length of time the 
organisms most likely have not become drug-fast. Various concentrations of 
the dings are used, so that the approximate blood level, necessaiy for thera- 
peutic effectiveness can be estimated at the .same time. Identification of the 
organisms can be made from the control plates of the experiment, so that dupli- 
cate cultures are not necessaiy. 

If the patient’s blood contained a high concentration of one of the sul- 
fonamides at the time of the experiments, none of the plates may be positive 
for growth, since the medium does not contain para-amino-benzoie acid, but 
groivth nfill appear in the plate to which 1 mg. per 100 c.c. para-amino-benzoie 
acid has been added. This was not encountered in any of our experiments. 


Table V 

Chart Showixo Ixhibitiox of Growth of Hemolytic Staphylococcus Aureus ix Cultup.e 
OF WouxD After Eighteex Hours ’ Exposure to Sulfoxamibes 


SULFA- 1 
XILAMIDE 

10 20 

SULFA- 

pyri- 

mxE 

5 

SOMUM SUL- 1 
FAPYnimXE 1 

5 10 20 1 

SULF.V- 

THIAZOLE 

5 

somuM 

SULFATHIAZOLE 

5 10 20 

SULFA- 1 

PIA- 1 
zixn 

5 

SODHTM SUL- 
FADLVZIXE 

5 10 20 

0 0 

0 

0 0 0 

-M-H- 

0 4-+X 

0 

0 0 0 


The expei'iments included cultures of blood, nose, and throat, spinal fluid 
sputum, and wounds. From these cultures the following bacterial tj-pes and 
strains were isolated: Diplococcus ‘pneumoniae. Streptococcus hemolyticus and 
hemolytic Staphylococcus aureus. This method proved equally efficient for 
all organisms. 

An attempt to correlate the in vitro cxperimenls wilh tlie in vivo effec- 
tiveness of the sulfonamides is in progress. 


COXCLUSIOXS 

1. A simple, quick method for testing the inhibiting effects in vitro of 

sulfanilamide, sulfapyridinc, sodium sulfapyridine, sulfathiazole, sodium sul- 
fathiazole, sulfadiazine, and sodium sulfadiazine upon the in-owth of vai‘ 
bacterial types and strains is described. lous 

2. The drug of choice can be determined as soon as the control culture. 
are positive. 




1. Poston At. A., and Orgain, E. S.: A Comparison of the Bacterinsc t v to- 

bulfonamide Drugs Upon the Growth of 23 Strains of Strenfn ^ Effect of the 
.T. M. Sc. 203: 57V, 1942. ^ ^treptocoecn.s \ iridans. Am. 

'• ttay, 1’., Clark, E., Street, A., and Miles, \V.: The Atodc nf r. 

Streptococcus. U., J. Exper. Med. 69: 607, 1939. ' Salfanilamide on 


A Sl^IPLIKIKI) MHTIIOI) KoK FKi:i)]S({ KAT.S 


]I. W.Mti) I’n.n., (’MAi’ia. Him,, N. (!. 


A SATl.Sl''A(jTOIJV nu'tlioi] for i)I:»Mnir known f(ii!inliti('s of solutions 
directly into the stonnieli of white rules heconies more and more iiiijioiinnt 
M'hcn the numhei' of animals is hirm- and lahoratory assistants are nnavailahle. 
The author has found the following method very salisfaelory over a jieriud of 
several yeai-s; it is simple and eliminates pvaetieally all dan'ier of injury to 
the animal. 



BRASS TIP IS 3 
OR 3.5 MM. AT ITtS] 
WIDEST DIAM. 


BRASS 

TIP 



STEEL 

NEEDLE 


A A 


L 


Fie. 1 . 

An ordinary hypodermic syringe of any desired capacity is used for the 
accurate measurement of the material. A long, large or small bore needle is 
used and on its cud a small brass knob is .soldered. The brass extends far 
enough up the needle to give it a good area of contact, and an opening the same 

^ ^rom the nepartment of PhysloloRy. Univer.sity of North Carolina Scliool of Medicine. 
Heccived foi* jiublication. January 29, 19-13. 
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size as the hove of the iieetllo is nuirlc through the center of the attached metal. 
The brass is polislicd to a very smootli finish .so that, it can he inserted easily 
and irritation of the esopliagus or cardiac sphincter avoided. It has been found 
liclpfvil to have different sized needles and knobs for various sized rats if the 
^York is begun when the animals are small. The size which will slip easily down 
the c.sophagus of half-grown or adult rats is too large for young animals. The 
diametere of the knobs iiscd by the author range from 3.0 to 3.5 mm., the smaller 
being satisfactory for rats of weaning age. A needle at least 2.5 inches in length 
is more satisfactory than shorter ones. 

The animal is held in the left hand with the fingers well fomvard on the 
neck to tilt the head hack slightly. Then the needle is pa.ssed directly dorni the 
esophagus into the stomach, and the solution is expelled by pu-shing in the 
plunger of the syringe. The animal may clamp the needle with its teeth, hut 
this does not interfere as it docs when using a rubber catheter. No gag is neee.s- 
saiy for inserting the needle. 

Many thousands of infections have been made with this procedure without 
^ single case in which the needle pas.sod into the trachea. The method is very 
rapid; one person can feed as many as 120 animals per hour after very little 
training. Autopsies on experimental animals indicate that there is no gross 
or micrascopic change in the esophageal mucosa from daily use of this procedure. 

Fig. 1 shows the relative proportions of the various parts of the instrument. 


A RAPID METHOD OF PREPARING PNEUMOCOCCAL SPECIFIC 
CARBOHYDRATES 5VITH THE AID OF AX ELECTRIC CURRENT® 

JIartix Burger, IM.Sc., New York, N. Y. 

^HE methods genei-ally used to prepare soluble specific substance of pneu- 
mococeP'^ require autolysis of the cocci. From the autolyzate containing 
the specific soluble substance and large amounts of protein, the latter is re- 
moved. Both the autolysis and the elimination of protein ai’e time-con,suming 
and we thought it worth-while to investigate a method which would require 
neither autolysis nor the removal of large amounts of protein. 

In 1935, Yen and Kurotehkin'* and ^Murao and ilorimoto^ showed that 
immunologically specific siibstances could be prepared by electrolyzino’ sus- 
pensions of certain organisms. The former authors obtained the soluble .spe- 
cific polysaccharides of Friedlander’s bacillus and .I/ondia tropiedis; and the 
latter authom obtained a clear filtrate from a suspension of Bacillus typhosus 
yhich was said to be more efficient for immunization of mice than a correspond- 
uig heat-killed suspension of the same organism. 


E.XPERIMEXT.VL 


Recent mouse-passed cultures of T.Y-pcs II, in, YI, Xn, XIII, XIV XIX 
and XXITI pneumococci were grown for 18 hours in beef-heart broth m’ediTjJ 
^;^^^img 3 per cent of normal horse serum. The organisms were collected 


“from the Tiurofiii of I.,nborn.torie5. Depnrtment of Health 
lU'Cclvctl for publication. Februarj* 17, 
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l)y eon(i'irti<ra(ion and wasliod twice willi O.Sa [)er cent wilinc. The average 
yield of jiaekod cells froni ten liters of broth \vas lo c.e. 'J'lie cells were sus- 
pended in 150 c.e. of 0.85 per cent Xa(tl .solution, transferred to a COO c.e. 
beaker, and layered with 10 c.e. of toluol. A pair of jdntimini Avire electrodes 
(13. & S. .10 gauge) were jdaced ti em. apart and innnersed in the su.spen.sioii. 
A variable resistance or bank of lamps in series with tiie electrodes .served to 
control the voltage across the clcctrofles. The voltage wa.s maintained he- 
tween 18 and 22. and the euiTcnt was 0.-15 anipere.s. A wnior bath around the 
beaker was kept between 20'' ami 22'' (’.. and a thennonicter. to note tlic tem- 
]H'rature and at the same time u.sed as a stirrer, was kept in the sii.s|)en.sion 
throughont the electrolysis. The teniperalure was maintained below fiO'' C. at 
ail times. The solution was stirred evcr.v half-hour in order to remove bac- 
terial protein substances which accumulated on the electrodes. The elect rol.v.si.s 
was stopped Avhen the solution bccairie almost Iransjjai'cnt. The time retpiired 
for the dis.so!uli<\u of 15 c.e. of organisivm was usually 20 to 2-1 hour.s. Jfo.st of 
the pi'eeipitated protein whieh formed was iti the toluol layer, and the .small 
amount of .su.spended matter proved, on microscftpie e.vainination. to he hac- 
tcrial debris and some intact organisms. 'Die latter, however, gave negative 
Nciifeld qnelhnig I’caelions. 

The .solution Avas sej)arated from mo.sl of the precipitate by centrifugation, 
then filtered througli filter paper, and the slightly turbid filtrate Avas further 
clarified by eeutrifugalioii in an angle eoiitrifiigo. The elear supernatant Avas 
dialyzed for 18 hours against running tap Avnter and finally concentrated ni 
A'acno to one-fifth the original volume of su.spension. Aua' in.soluhic matter 
Avhieh formed Avas eliminated by fiitratioji. A .small portion of the clear fil- 
trate, Avlien (o.stcd for specific i)oly.saeeIiaride. gave an immediate heavy pre- 
cipitate in homologous aiiti.serum, hut not in heterologous antisera. To the 
main filtrate Averc added 3 volumes of fl5 iior eeiit ethanol. A fioceuleut pre- 
cipitate formed, Avliieh increased in amount on the addition of 5 c.c. of .satur- 
ated .sodium acetate solution containing 0.5 e.e. of g-laelal arctic acid. The 
precipitate, after .settling in the, refrigerator, Avns sejiavated Iw e.eutrifugation, 


di.ssolA'od in 25 c.c. of distilled Avatcr. and a 1 e.c, sample tested for the presence 
of protein. If protein Avas present (i.e.. positiA'c biuret or trichloracetic acid 
tests), the main solution Avas .shaken Avith ehlorofoi’in-hutyl alcohol ini-Nturc, as 
recommended by Sevag." Six extractions Avith the cliloi’oform reagent usually 
removed all of the protein, as evidenced by uegatiA-o biuret and trichloracetic 
acid tests. The pol.AVsaceharide Avas rej)rcci])jtatcd by adding 2 volumes of 
clhaiAol, allowed to stand in the refrigerator overnight, and centrifuged the 
folloAving day. The alcoholic supernatant AVas discarded, and the precipitate 
suspended in 95 per cent ethanol, filtered on u Buchner fAinnel. Avashed Avith 
absolute alcohol, ether, and finally dried in a vneiwm dcmccaior. The average 
yield of specific carbohydrate from the organisms groAvn in 30 liters of medium 


wa.s 325 milligrams. _ w • a hi 

The substances Avere tAiie-specific, as no cross reactions Avere olnaineci n 
heterologous antipneumococeal sera. They all gave a positive precipitin reac- 
tion in a dilution of 3.;30" AvIien tested against homologous rabbit .‘intisonnn. 
Tn the dry state, the substances were yellowish in color and readily soluble in 
Avater One per cent solutions gave negative lilillon, Hopkins-Cole, tnchlorace i 



nuRC.i:n; rnv.rAiUN'o vN-i-.i:>iococcM, sniciric c.\u»onYi)U.\Ti« 


1627 


acid, niidiydi'in, biurol. and xaiillioproteic acid tests lov protein. Tlie Moli-sch 
te.sts were pi'sitive, and the I’cliling tests before aeid hydrolysis n'ere negative. 
After acid hydroly.sis, the l-’chling tests were positive. 

A control snspensioii of organi.sni.s of each of the tA'j^es studied was trans- 
ferred to a thin-walled test tube without electrodes and kept immersed in the 
main suspemsion during the eleotroly.sis. The noudissolution of the control 
organisms was confirmed by negative precipitin reactions on the supernatant 
after separation of the organisms by centrifugation. 

The effect of different electrolytes on the dissolution of pnetunococci with 
the aid of an electric current Avas al.so studied. One per eent solutions of 
XaCl, NaNOj, Na^SO^, or NaC-lLO; Avere used as the suspending media. Four, 
0-5 c.c. portions of packed Tn^e III organisms (Type XIV and Type II organ- 
isms Avere treated similarly) Avere transferred to tubes, and each sample of 
cells Avas Avashed twice Avitb one of the appropriate electroMes. The Avashed 
cells Avere then suspended in 30 e.c. of the appropriate electroh-te, layered AA-ith 
5 e.c. of toluol, sub.ieeted to the electric current, and treated as described above. 
Ilith each electrolyte, dissolution of the organisms Avas complete at the end of 
four hours, as eA'ideneed by the complete clearing of the suspension. Aliero- 
seopic examination of the precipitate AA'hich formed shoAved only bacterial 
debris present. Chemical examination p7-oved that the precipitate contained 
protein. One-tenth cubic centimeter poi'tions of the clear arpreous solution 
gave positive precipitin reactions AA'ith homologous antiserum and no reaction.s 
■'vith heterologous antisera. Control tubes eontainmg 2 c.e. of the original sus- 
pension and not subjected to electrolysis remained milky. 

After each suspension had cleared, it AA'a.s filtered on a wet filter paper to 
retain the toluol and most of the precipitate. The elondy' filtrate AA'as the?! 
passed through a Berkefeld X candle, and the clear filtrate on diluting- AAith 
two A'olumes of 95 per eent alcohol gave a precipitate, Avhich. after standing 
several hours in the refrigerator, Avas filtered, washed AAUth absolute aleohok 
ether, and finally dried in vacuo. Xo attempt Avas made to purifv the sub- 
stances obtained in these experiments because of the small amount isolated 
One per cent solutions gave positive ifoHsch tests, faintly positive biuret tests 
and negative trichloracetic acid, sulfosalicylic acid, and xanthoproteic acid tests' 
The pH of each suspension befoi'e and after electrolysis AA’as : 

XaCl - 7.4 before; 8.0 after electroly.s-is 

XaXO, - 7.3 before; 3.4 after electrolysis 

Xa.SO, - 7.5 before; 2.S after electrolysis 

XaCsH^O, - 7.7 before; 5.7 after electrolysis 


trolvsl''^' the exception of the XaCl electroMe, the pH decreased after elec- 

These results may explain the vicAv.s of Yen and Kurotc-lildn^ that ih. ri 
tion of specific polysaccharide substances during- electro] • t bbera- 
solution is attributable to three factons: fa) TheTodim 
formed dm-ing cleetroly.sis causes lysis of the or-anisms- 
droxide Avhicb accumulates combines Anth haeterial nrofeio - / a hy- 

tomate is attracted to and precipitated at anode ten-; At ^ alkali pro- 

• ieaAing the specific carbo- 
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liydnitr in solution. In liio .\ii.\n.. ;iii(i .XiiC.dl.O; sohilions. pi-oliMlily 

only ( h) jiinl ((•') ore involved ;is no .sodium liyiiorldorilr is ronnetl. 

. .sr.M.\IAItV 

A (‘oiii])!iriitiv(‘ly nipid method of prcpni iiijr protoin-ficc .soliihle siimfir 
siilistancos of pnenmoi'oi-ci is lioscrihcd. 'I'lio siihstiinccs ohtidnfd iiijiy Ix' iisni 
in the routine standiirdizjition of ;intipneumoeocei sera. In oui' jiroeeduie. 
autolysis is re]dae(>il hy suli.jeetin^^ a suspension of tlie organisms in .XaCl .sehi- 
lion (or in Xa.Xtt^, Xat'd lAh.. or X!i..S(), sidutioii) to an eleetrie eiirreiit. -Most 
of the protein is preeijiitated duriu'r (deetrolysis. 'I’lie tyjte-sjieeifie eapsiilar 
polysaeidiaride is isolated from tin- ufiin-ous solution of the elee.trolysate liv 
methods similar to tliose (d‘ 1 Itddelher^er. ICendall. and .‘^elierp,’ and finehol 
et al." 

1 wi.-ili to tliioik Mr.*.'. If. niHc.i Mini JIK... A. I!“ilovi' for lln'Ir in lln’ 

tciiolocle work ritiiiltcil In ttil'< .‘<Uiily. 


iti;ri:in:.\-t’i:s 

1. lloidi'llinrfior, M., Ki'iidiill, T\ t:.. ninl .'^rliorp. II. W.: Tlii' .*S|n'rifii’ I’oIy.'.'iiTlmriilt's of 
'I'viK'.s I, 11, iind 111 l’m‘imitH’<K'rii>. .\ Itevisimi n! Mrtlmds toid Data, ■!. Kitl'*’^- 
.Med. G4: .">!). lead. 

(inelicl, \V. F., Ure.-nn. J*. H., and Jloaf^laiid, C. L.; f'iieineiiiiinuiiol()(,')eal JStinlie.'* on tla’ 
.Solitlile .Speeific .Siilistanoe of l’iieiniiococeu<, IV. 'I’lie Ctipsnltir PoltTacrliaride of 
Tyiio XIV I’lieuiiioooceuf!, .1. lliol. Clieiii. 129: •I.".". 19.'!!<, 
a. Hrowii, Hacliel: Clioniical inid Itiimuiiological .''indies of ilie I’nenmoeocou.s. T''*’ 
Soluble Speoitic .Sul).stan<;os of Type.® I-XXXII. .1. Iiniaiiiiol. 37: 4 Io, l!k”!>. • 

•1. Von, A. C. 11., anil JCiirotclilan. T. .1.: J*reparation of Spoeilii; liaeterial (Tarboliydmte 
.Substances by Fleet rolysis, .1. Infeel. Di.s, 50: 2a.S, I'la.l. 

0 . Murao, 1C., iind Moriinoto, T.: Ilie Klektro-bakleriolyli.selien Jininunonen; uebor jb<‘ 
IJacteriolvse durcli Klektriselion Strom. Xai,':isaki Juakkwai Za.ssi 13: 1401, ll'.io: 
Zeiitndbl. f. Uakt., .\bl. I 137; 20«, lOati. 

(!. .Sovai;, Al. 0.: Fine X'euo I’liy.sikalisolie Fnleiweissunii.'inetliod zur Dar.slelluni; lliolo- 
jfi.scli IVirk.sanior .Substancen. Isolioruii}; von Kohlenliydraten aus llulineroiu'ois.' 
und I’neunioeoceen, Ilioclieui. Ztsclir. 273: -tlO, 11','! I. 



YENIPUNCTriil-: IN THE I’RESENCE OF EDE:\IA^ 


Stkvkn- 0. ScnwAKTZ, ^1.!)., CmcAfio, Im.. 


CONSIDERABLE difiieulty is often enconnlercd in locating a vein for the 

purpose of venipuncture in the presence of marked edema involving the 
anus. The most common procedure in the.se cases has been to cut domi on 
the vein. 

The ui-itcr n-ishes to describe a simple 7nethod for -u-hich no priority is 
claimed, but which does not seem to be commonly known or employed. The 
technique is as follows: The patient’s elbow is held by the physician in such 
a manner that the thumb is over the antecultital space. Pressure is exerted 
by the thumb for a period of from thii-ty to sixty seconds producing pitting. 
In the bottom of the resulting “pit” the antecubital veins stand out very 
prominently, since the edema fluid has been expressed not only from the over- 
lying tissues but from the tissues suiTOunding the veins as well. So promi- 
nent are the veins made by this technique that the use of the toinmiquet may 
occasion ally be supei’fluous. 

•From the Department of VIedicine, Cook County Hospital. 

Received for publication, February 25, 1943. 


SBIPLIFIED KLOTZ-iL\CLACHT..AN SOLUTION FOR TENEPORARY 

COLOR PRESERYATION^- 


Bert E. Stofer, JI.D. 
Detroit, NIich. 


^IMONG the criteria for the ideal fixing fluid are color preseiwation, ease of 
^ preparation and use, rapid fixation of tissue, low cost, and peimianenev 
It IS, of course, difficult to find in a single fluid all these d&sirable properties 
itli the advent and popular acceptance of color photography the necessity for 
pemanent preservation of specimens became lessened. A good colored lanteim 
suae is a fine permanent record. 

In many cases, where the services of a photographer are not immediatelv 
•tvailable, the specimen must be preseiwed for a few hours or ‘ 

. A. .imc, .he spehnen toS be"ne ”d,r£r: 
Single staff conference, student group, or other occasions vrV.ov ^ ^ 

mount is not required but natural appearance is desirable.' Here cotor 

tion, ease of preparation, and adequate fixation for future secHon' ^ 
chief eonsiderations. ectioning are the 

By use of a suitable fixing fluid the snecimon r.o,, i > . 

iitrated, seetioned at leisure, and finally discarded o v demon- 

Y ith such a routine, storage space can be kepf\o a utheruise. 

' lo a minimum. 

•From tho Deportment of p.otholofrj- Rtceh-lm- ti 

llfcclved for publication. M.arcli Z. 1943 . Ho.pil,aI. Detroit, Alichicran 
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111 our seiirt'h for a solution to uuH-t the n'liuin'iiiciits of this rouliiu; various 
(•oiiibiuiitions of the Klotz-]\lacl.:iflilan' Iwo-solution jn'oirduro were invostifialeil. 
By iiiodifyinjr tlio ooncfut ration of sonio of tin- (‘onstituents wo were able to 
tlovelop Olio solution wliioli lias hoon satisfaotoiily usod in a nuiiilior of lalmra- 
torics for more than one year. It fulfills the oritoria of color iirosemitiou, case 
of preparation, and adoipiati' fixation. It is not proliihitively expensive. 

The solution is made as follows: 


Artificial earlshad salt 
Chloral hydrate 
Formalin f-h' per cent ) 
Distilled water to make 


•!HT fini. 

IT'* Cm. 
l.oO o.e. 

lO.fKlI) e.e. (.'* iialloiis) 


The formula for artificial Carlsbad salt is five times tlie aiiiounf. irivcii hy 
^MacLachlaii- but is otherwise uiiebanueil. This is so rejiortetl for eonvenieiice 


the solution. 



Sodium sulfate 

110 

flm. 

.Sodium bicarbonate 

KKI 

Dm. 

Sodium chloride 

!K) 

Gm. 

Potas.sium nitr.-ite 

]!)0 

Gm. 

Potas.sium sulfate 

HI 

Gm. 


Care iniisl be used to add enouirli of the solution to the jar. At least 
three, and preferably five volumes of solution must be used for each volume of 
tissue. The speeimeii must be kej)! .submerged, and it is our practice to over- 
lay with cotton battiii'j those which float. The concentration of the formalin 
must be watched, and if the color fades too rapiilly lOO instead of IhO e.e. may 
be used in the formula, but this results in somewhat less adeiiuate fixation. We 
have noted that the red colors, such as are sei'u in a su]>crfieial vascular area, 
are heightened for a few minutes or an hour after contact with the fluid. By 
photographing specimens with these features within the .sjiccificd time, striking 
color photographs may be obtained. 

Specimens may be yu-eserved from seven to twenty-one days, and with cer- 
tain types of tissue even longer. Fatty tissue keeps the least well. Cytologic 
detail is not riuitc so good as formalin fixation, especially if the blocks are cut 
after the fir.st week or adequate fluid has not been used. Tlie simplicity and 
color-preserving qualities, however, arc ideal, and for temporary preservation 
this solution is well suited. 

SUMAIAUY 

A modification of Kioto's fixing fluid is .suggested which temporarily pre- 
serves color, adequately fixes tissue, and avoids excessive technical procedure. 


REFEUEXCES 

1 Klot?: Oscar and MacLacldaii, W, W. G.: A AEodified .Tores’ JCcthod for tho Preserv.a- 
’tioa of Colors in Gro.ss .Spccintons, Tnternat. A.ss. Mod. Atus. Bull. 5: 59, 1915. 
n AlacLaclilan, quoted by Kolmcr, John A., and Boernor, Fred: Approved Baboratory 
Tccliniquo, ed. 3, Now York, N. Y., and Loudon, 19-11, B. Appleton-Cenlury Co. 



USE OF THE SOUTH AFIHCAX CHAWED FROO (XEXOPUS) AS AN 
ASSAY ANDIAH FOR GONADOTROPIC HOR^HONES'* 


Auxkr I. AVci.smax, :\I.D.. axd Chri.stopiikr W. CoativS 
Nkw York. X. Y. 


I N 1930, llojibeu' first sliowod lluit anterior pituitary lolie extracts could cause 
external deposition of ova in the mature female ^ cnopns laevts {Soutli 
African clawed frog). Following this original ohsorvation, other investigators 
corroborated Iloghen’s finding, and the use of the female Xenopus as an assay 
animal for gonadotropic substances then became established in South Africa. 

The Xenopus differs from the common variety of American frogs in that 
it constantly ovulates and accordingly carries the ova in its abdomen. The 
eggs are extruded in natural life only upon stimulation by the male of the 
species. The Xenopus has never been seen to extrude any eggs when kept 
segregated from males under laboratory conditions, unless injected by hor- 
mones. Thus, the animal is ever ready to expel its eggs upon proper stimu- 
lation. The external deposition of eggs has come to be accepted as a reliable 
manifestation of gonadotropic activity. 

Having previously .shown that egg c.xtrusion could be attained by in.iee- 
tion of extracts from the urine and the serum of pregnancy, a comparative 
study of the efficacy of true anterior lobe extracts seemed to be the next logical 
procedure. In our previous investigations-’ ® it was demonstrated that depo- 
sition of eggs could be induced equally successfully by 100 rat units of chorionic 
’gonadotropin of pregnancy urine and from 30 Cartland-Xelson units or 1,000 
mteiuational units of equine gonadotropin derived from pregnant mares’ serum. 
The Xenopus thus affords an excellent opportunity to evaluate the comparative 
gonadotropic activity of the various hormone extracts. 


procedure 

The Xenopus unit was based on the deposition of eggs Arithin 6 to 18 hours 
after a dorsal subcutaneous in.ieetion of the hormone tested. The .smallest 
amount of hormone which constantly caused extiuision was defined as one 
Xenopus unit. For each separate dosage of hoi-mone to be te.sted tAvo mature 
female Xenopus frogs Avere used. Each Xenopus Avas placed in a tAvo-rrallon 
tank filled one-third with Avater. Each tank Avas furni.shed Avith a half-inch 
wire mesh plaeud one inch above the bottom of the tank to prevent the po.s- 
sibility of the Xenopus eating any of its eggs. ^ 

Sixteen tanks were set up for eight different dosages of the noAvdcrerl 
goiioda tropic factor of sheep anterior pituitarA- gland.f Tanks A and 1' held 

York nynoco,o„- of .ho Aromorim Ho..pital. and tho Xe.y 

Allied by a pram from the New York BiolopJc 

nocfiv*.'d for riiblicalion. March 30. 1D43, Ifition, 

.Tin- .mtorior pltuHar>- eland fxtmct u=od in tni- i 
Co., emcaco. and Is commorciall.v known .a.- Gonadop'hypin”'’^’ by o. D, .Soarlr- & 
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frogs injected ^vitll 5 nit units; the frogs in 1*> and B' received 10 rat units; 
those in C and C' received injections of lo rat units; I) ;ind 1)'. 2') rat units; 
E and E', ilO rat units; I*’ and E', To rat units; (i and (!\ KH) rat units; II ami 
ir, 200 rat units. 

TJie animals Avere all injeeti'd through the dorsal lymph space and were 
kept at room temperature. They were e.xamiued jteriodieally up to 18 liours 
after injection. After IS hours it was noted that the animals in A. A'. 1*, H'. 
C, C' had not reacted hy egg e.xtrusion. while the animals in I) and D' !2> 
rat units) showed definite evidence* of egg eleposifs. .Similarly, the animals in 
the other tanks that received larg«‘r doses also rmieti'd jmsitivi'ly. 

This entire oxjieriment was reiiealed the following week with similar re- 
sults being obtained. 

1!I>U-|.T.S 

From the data compiled in Table 1 it will be seen that anterior jiituitary 
gland cxtraet.s of sheep arc highly gonadotropic in the fem/ile Xenojms. Quan- 
titatively, 2;1 rat units were suflieient lo jirodnee external dejiosits of eggs in 
these animals. On the basis of this and our j)r(>vious findings, it must be con- 
cluded that even though iircgnant mare's scrum ami pregnancy nrine extracts 
do cause deposition of eggs, true pituitary extracts arc more efiieacious in 
producing this reaction and with .smaller do.ses. 


T.uii.i: ] 

Mimm.m. Amoc.s-ts or Gox.\i)OTi:ori.vs Winen (’ai'.mii.k or t.vnrcixo Koo KxTim.siox is 


Till; Fk.mai.k Xknopus i.akvis 

CHOItlOKIC COXaDOTISOI'I.NS 
liKRIVKD rr.OM rnKGKAXCY 
CKIXK (2) 

CllOiaoXIC (!OXAl>OTItOPlSS 
m;i:ivi:i> rr.oM piikckakt 

■MAUKS’ SKItUM (.'i) 

(!oxai>oti;oi’ins iikkivki) 
riiOM AKTKiimi: pituitaia' 
i.om: or siir.Kr 

.\ntiiitrin-S 100 

rat uni(,«' 

Follutoin 100 

international units;; 

(ionadogen .'tO 

Ca rt la ml -Xcl.xon u a i ( .s ' 
Antoron 1000 

international units’ 

(ionadophy.sin , 

ratunits’ 


’Chorionic aonndotrooln from liimmn iin-tznnncy nrlnc. Parke. Davl.v Co., Detroit, Jlieh. 
-Chorionic eonadotropin from liuman presnancy urine, K. 11. Stiuihb & Son.“. Non 
Brunswick, N. J. 

’Equine Bonadotropin, Upjohn Co., Kalamazoo. Midi. 

’Equine ponadotropin, Schorinc Corp.. Bloomneld, N. .f. 

’Anterior pituitary lobe extract of .‘-■beep, c,. P. .Searie Jt Co,. Cliicapo. III. 


Since the Xenopus was found to be .so accurate in evaluating the activity 
of the gonadotropes, the animal has been utilized clinically in the assay of 
urine. Urine.s from normal nonpregnanl women, pregnant women, patients in 
the postmenopausal state have been assayed by means of the , Xenopus. A 
Xenopus unit is equivalent to that amount of gonadotrojiic substance which 
will cause external egg extrusion in two Xenojuis within G lo 18 hours. The 
rc.sults of our clinical assays are of such interest that tJicy will be publi.shed 
separately in a subsequent publication. 


SUJIMAHY 


Extracts of the anterior pituitary gland of sheep when injected nito the 
South African Clawed Fi'Og (Xenopus) were capable of inducing ovulation 
and external extrusion of eggs with do.ses as small as 2o rat units, bmiilar 
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gonadotropic activity with oti\or extracts arc evaluated. The use of the 
Xenopus frogs for assayiuii the urine of patients for gonadotropic substances 
is .suggested. 

kkki:iu:nci>; 

1. Hogbon, L.; Action of Anterior Pituitary Loi)c Extract? on Egg Extrusion in the Fe- 

male Xenopus. Proc. Hoy. Soc. South Africa 5; 10, lOSO. 

2. tVoisnian, A. I., anil Coates, C. \V.: The Frog Test (Xniopiix lai vix), as a rapid diag- 

nostic Test for Early Pregnancy, Endocrinology 28: 141, 1941. 

•I. tleisman, A. I., Snyder, A. F,, and Coates, C. AV.: Physiology of Egg Extrusion in 
Female Xenoinis Frog Test for Pregnancy. Endocrinology 31: .12.1, 1042. 



CHEMICAL 


KSTDIATIOX OF SICUUM (JOOJU'LIX BY MHAJ^UKKMFXT OF 
VISCOSITY OF FOiniAOIX-TKKATFl) SKHFM: I’KOTFIX 
I’AUTITIOX BY BJIYSICAL .MFTHODS" 


Sawvi;i: Fost!:i!. M.I)., and Fi;i!Nando Bif:ifi:i.\, M.I)., Boston, ^Iass. 
With tiii: Tkciinioai, Assistani'i: or Miss MAmiAiiirr A. Adams, A.IC 


INTKODOCTION 


S IXCF stTum proteins are orten altered in the eoniNe of disease, information 
eoneerniiifr their total eoneentration and the relative jiroiiortions of al- 
hnniin and frlohnlin is iinjiortaiit for diajrnostie and therapentie pnrpos<'.s. One 
of the most widely used methods for ohtainin'r these data is the miero-Kjchlahl 
ehemieal determination of nitro<ren.' in eon.innetion with the modified Howe ;■ 
method of separation of alhnmin and jrlohnlin hy sodium sulfate." Tins is 
a time-eou.sumiug and elahorate procedure reipiiriiiLr skilled traininir. 

The fallintr drop leelmiipie devised hy Kauan,’’' ■* employiiif: phy.sical 
methods, ha.s simplified the determination of the total jn-otein of the sernin. 
However, no methods eomiiarahle in sim))lieity for measnrintr the fractions of 
allnunin or jxlohulin appear to he available. The eomhined ehemieal and phy.s- 
ieal method advanced hy Barbour' for albumin estimation is somewhat com- 
plicated; the usual tests for globulin .such as the Talcata-Ara. formol-gel, etc., 
are qualitative and indicate only the pre.senee of hyjierglohulinemia. 

In a previous .study''* a modification of the formol-gel reaction was de- 
.scribed for estimating the globulin content of sera in hyperglobulincniia. Con- 
firming Napier’s -work, which demoustrated the sjiecifieity of the formol-gel 
test for globulin, it Avas observed that for a o jier cent jiurified human albumin 
.solution, the addition of .small amounts of formaldehyde cau.scd no change 
in ATscosity. With reference to the blood serum, it was shown by direct inens- 
lu'ements that the addition of formaldehyde to the serum iucroascs its ats- 
eosity and that the degree of change corresponds to the concentration of 
globulin. 

The modified formol-gel reaction® is cmiiloyed in sera containing abnor- 
mal] increased concentrations of globulin, which can be estimated quantita- 
tively by the observation of a readily detected change in A’iscosity. This is 
determined on samples of serum placed in test tubes and then diluted pro- 
in'essively 'with physiologic saline and treated with formaldehyde. After stand- 
ing for a period of twenty-four hours at room temperature, the tubes are shaken 
vigorously, and a degi-ee of viscosity is noticed in one of the dilutions in which 
the air bubbles produced by the .shaking do not rise to the surface, but remain 


♦ Vrnm the First and Third (Tuft.s) Medical Sen-lcc.s, Boston City Hospital, and the Dc- 
Medicine, Tutts ColleRo Medical School. „ , , 

Aided by a grunt from the Charlton Research Fund. Tutts CollcRe Medical Schoo . 
Received for publication, May 17. 1913. 
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stationary, i. c.> the “stationary i)ubl)le” end point. In less vi.scou.s dilufion.s 
tlie bubbles rise slowly, in more vi.scou.s dihitions gelifieation occui-s. The 
“stationary bubble” end point corresponds to a globulin concentration of 
3.1 Gni. per 100 c.c. as dcterininod by cbemical methods. From such obser- 
vations the globulin content of a given serum may be calculated by tbe formula: 
6m. per 100 e.c. globulin == 3.1 , where y represents tbe fraction of 1.0 c.c. of 

y 

serum present in tbe dilution showing the above end point. Accordingly this 
method employs an indirect niea.sni'ement of vi.seosity and i.s limited in it.s 
uses to cases of byperglobulineinia. 

In tbe present study the method has been extended to include all ranges 
of concentration of serum globulin. Direct measurements of the viscosity of 
fomaliu-treated sera were correlated with their globulin content. From these 
data a formula was derived for tbe determination of all ranges of concentra- 
tions of serum globulin. The final ob.)ect was to estimate tbe total protein of 
tbe blood serum by tbe falling drop technique, tbe globulin by tbe measure- 
ment of the viscosity of formalin-treated serum, and tbe albumin by subtrac- 
tion of one from tbe other. The results obtained by physical and chemical 
methods were compared. 

PART I 

DEVELOPMEXT of a formula for the CALCULATIOX of the GLOBUmx COXTEST 
EROJt the llEASUREHEXT OF VISCOSITY OF FORM.ALIX-TREVTEP SERUM 


A. yisGosihj Measurements on Serums With Syperglobulinemia . — Twenty 
samples of venous blood were taken during the fasting state from 19 patients 
with byperglobulineinia. The blood was allowed to clot and the serum draim 
oS. For each sei'um a series of tubes was set up, each containing an accurately 
measured amount of serum ranging from 0.20 c.c. to 1.92 c.c. respectively and 
then diluted with physiologic saline to a final volume of 2.00 c.c. To each dilu- 
tion was added 0.1 e.c. U.S.P. formaldehyde. After .shaking, the tubes were 
allowed to stand at room temperature for twenty-four hours. 

Depending upon their ability to flow easily through the viseasimeter, two 
to five dilutions from a series were chosen for direct observation of vi.sco.sitv 
mth reference to physiologic saline as unity. The viscosity wa.s measured hv 
observing the rate of flow of each dilution in an Ostwald pipette' of 2 ee 
capacity immersed in a water bath at a constant temperature of 25‘’C The 
O.stwald pipette was allowed to stand in tbe water hath for ten minutes in 
order to reach 25° C. before tlie rate of flow was mea.siired. and each measm-e 
ment was repeated 3 times to obtain an average. Tlie viseositv was deter 
mined by tbe fonnula V = s S.G. Where V = ifseo-sitr,- ^ time of 

Ts 


fiow in seconds of formalin-treated dilution; T, = time of flow in .seconds 
l>iy.s,olog.c saline; and S.G. == .specific gravity of fomialin-treated dilution 
6ince the specific gravity need be ex-pre.s.sed to onlr two sionifir-prf fl - ? ' 

factor becomes 1.0. A total of 66 dilutions were studied for their Vrishv "" 
B. Shbutfu Z?ctcrmhwt, ons.-Tbe globulin content of each «erum b/ ' i • , 
the viscosity was measured in the above manner was determined in^ 



Tin; JOUKN'AI- or r.AIiOltATOUV and CI.INICAI- MKDICINr. 


](i3C 

(1) by the “sfatioiinry l)ul)I)I(.*’' oixl j»oinf of the iiioditied fornioi-frol roiietion, 
and (2) by inicro-Kjeldabl iiitroireii analysis in conjunction witli tJic niodifiod 
Howe’s nietliod of separation of alininiin and jrIol)ulin. Tlie «rIobiiIin values, 
oiitaincd by means of tlic “stationary bubble’* end point, compare closely witli 
the values found elieinieally with an average difference of d per cent and in- 
dividual variations fnun 0 to ]d per cent (Table I). Since the results ob- 
tained by the “stationary ludible” end point could be rejiroduced more eon- 
sisteiilly, they were .selected as the .standard to cabodate the globulin concen- 
tration of the dilutions i)repared from each .serum. 

T.mii.k I 
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C. Derivation of Fonniila Erjn'esxinii (Jlobuiin Concentration in Tcrna^ 
of Viscosity. — The viscosity values of the OG dilutions mentioned in Section A 
were related to their re.spective ^lobuiin values mentioned in Section B. B.v 
plotting the globulin values against the log. (viscosity — 3). a straight line 
was obtained when the globulin concentration of the dihitions was less than 
2.5 Gm. per 100 e.c. Above this level the .straight line did not persist. The 
equation of the .straight line, determined by the customary method of least 
square.s, was found to be G == 1..55 log. (V-1) -e 1.64 where G is the grams oi 
globulin per 100 e.c. and V is the vi.scosity. Big. ] shows all tlie data and 
the straight line in the region to which it may be applied. 

PAKT II 

application op the FOnjIULA G = 1.55 LOG. (v-1) -h 1.64 TO THE 
determination of all RANGE.? OP GLOBULIN IN BLOOD SERUJI 

Serum was obtained as before and two test tubes Avere prepared, one con- 
taining 2 c.c. of undiluted .serum and the other, 1 e.c. of serum diluted with 
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1 .,r physiolo^H- saline. Tn oaeh was a.Ulcl 0.1 c.,-. U.S.P. r«rn.aldeMe. 

The tnbp.s were sliaken. and. after a period of 24 hours at rooni teinpei atnrc 
observations of viscosity were perfor.ned as described above. The nnddu ed 
sonuii was nsed if it was capable of flowing freely thronirh the Ostwald pipctlc 
Otherwise the diluted senna was nsed. Ti.e viscosity readm? was subs dated 
in the formula G = 1.55 log. (V-1) - 1-64, and the globulin concentra ion 
multiplied hv 2 when scrum diluted 50 per cent was used. Tlie total protein 
in each serum was determined by the falling drop technirpie of Kagan, and 
the albumin content was obtained by subtracting globulin values from the 
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The total protein and the globulin and albumin content of 18 sera were 
determined. The comparative results between the chemical methods and the 
combined use of the falling drop and the viscosimetric methods are .shown in 
Table II. The differences in globulin content between the chemical and the 
physical methods varied from 0 to 0.6 Gm. per 100 c.c. with an average of 0.2 
Gm. per 100 c.c. and an average percentage difference of 7 ; the variations in 
the case of albumin were from 0 to O.S Gm. per 100 c.c. with an average diifer- 
ence of 0.2 Gm. per 100 c.c. and a percentage difference of 8. The total pro- 
tein differences were from 0 to 0.4 Gra. per 100 c.c. with an average of 0 2 Gm 
per 100 c.c. and a percentage difference of 4. 

Experiments 11. 12. and 13 showed a variation not consistent -\\-ith the 
general average. A search for the cause of such irregularitv revealed that 
improper cleansing of the pipettes and especially of the Ostwald pipette wa. 
responsible for the abnormal results. When repeated Avith adeeiuate precah 
turns, the observations were consistent with the earlier determinations 
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OOKCIXSIONS 

1. Tile addition of small amounts of fonmddeliyde to blood serum pro- 
duces au increase in the viscosity of the serum. This cliau'ic is due to globulin, 
since it does not occur Avlien formaldehyde is added to a 5 per cent solution 
of purified human albumin. 

2. A strictly linear relation Avas demonstrated between the degree of vis- 
cosity and the globulin content of formaklebyde-treated serum, when the 
globulin content was below 2.5 Gm. per 100 c.c. This relation, is expressed by 
the equation G = 1.55 log. (V-1) -f 1.6-1 where G grams of globulin per 
100 c.e. and Y = viscosity. 

3. lYith this formula it is possible to estimate quantitatively the glohulin 
concentration of the blood serum by measuring its viseo-sity after the addi- 
tion of formaldehyde. 

4. The A-alue of the viscosimetrie method using formaldehyde-treated 
serum for the estimation of globulin is enhanced when used together with the 
falling drop method for estimation of total protein. Through their combination 
the total protein, albumin, and globulin content of any senim can be estimated 
entu-ely by physical means with great saving of time, material, and number 
of personnel. 

0. A comparison of the physical and chemical methods sIioats an average 
difference of 0.2 Gm. per 100 e.e. for total protein, albumin, and globulin. 
This error is similar to that inherent to the chemical method. 

6. The careful observance of certain precautions must be emphasized: the 
equipment must he kept meticulously clean; the amoimts of serum, saline, 
and formaldehyde should be measured with accuracy; the water bath must he 
kept at a constant temperature. 

n T acknowledge the assistance we have received from Drs. T. H, Ham and F 

5* Taylor from the Thorndike Memorial Laboratory^, and from Miss Jane Worcester 
ciate in the Department of Vital Statistics, Harvard School of Public Health. 
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A ^lETIIOl.) FOK EXACT IMJOTEIN DICTEini INATKEX IN SMALIi 
QUANTITIES OF SPINAL FI;UII)® 


F. Eai’I’ai’out, Pm. I)., anm IL Lapowski. I’i;tam Tkjva. I’Ai.ixriNi: 


A LTJIOUCII tlu' I;n(i\vlo(l<j(‘ of lln* cxjicl jn-otein coiiti’iit of the spinal fluid 
is frotpuuitly of (liajiiioslif iiuporlaiifo. llu* pi'osi'iil iiu'llioils when carried 
out with small (juantitics of llnid yield results which may show an error as 
hifrli as 100 ])C‘r eent.’ Exact nesidts may. of course, be obtained with tiie old 
Kjeldahl method, but this re(iuires sucii larixe fiuautities of fluid tliat they ean- 
7iot as a ride be oblaiiied, or only with difticulty. 

mtiN-ciiM.i: or tmi: n’kw Mirrucm 

The total jiroteins of the spiiud fluid are jireeipitated with jihosphoniolylxlie 
acid, centrifugated, and the sixliment. after beiipi dissolved in diluted sodium 
hydroxide, is (luantitatively carried over to a Kjeldahl flask. The further pro- 
cedures are tho.se of uouproteiu uitroireu determinatious.-’ " 

KKAOKSTS 

]. For protein precipitation; 

(a) Dissolve o (!m. of anhydrous sodium sulfate and S Om. of phospho- 
molybdie acid in 200 e.e. di.stillcd water. 

Add 20 e.e. of oN sodium hydroxide, and boil the mixture for one-half 
hour. After eooline, add 10. G e.e. of eoneentrated sulfuric acid and water up 
to 1000 e.e. 

(b) A 4 per cent solution of ehemieally pure .sodium hydroxide. 

2. For digestion: 

Dissolve 1 (im. of phosphomolybdic acid in about oO e.e. of water. Add 
1 e.e. of K.ieldahl hydroxide and boil for twenty minutes to drive off the 
po.ssibly present ammonia; add 30 e.e. of eoneentrated sulfuric acid and ’> 
e.e. of syrupy phosphoric acid. Add water to make up 100 e.e. 

3. For neutralization : 

(a) A 27 per cent solution of chemically pure sodium hydroxide. 

(b) Dissolve 15 mg. of methyl red and GO mg. of thymol blue in 20 c.c. 
of N/1 NaOII and add water to 1000 c.c. 

(c) A saturated (aboirt 5 per cent) solution of sodium tiuoridc. 

To make this reagent (3) mix 6 parts of solution a with 1 part of solution 
b and 3 parts of solution c. This mixture keeps indefinitely. 

4. For titration: 

(a) Buffer solution. Dissolve S4.5 Gm. boric acid and 15.6 Gm. sodium 
hydroxide in about 800 c.c. water. Boil vigorously for thirty minutes to re- 
move NH3. Cool and add water to 1000 c.c. 

' ^roin the Biochemical' Laboratory of the Beilinson Hospital. Petah Tiqva. Palestine. 
Kecclvea for publication, April S, 1943. 
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(b) Dissolve 20 Dili, of sodium liroiiiidc in ii little water in a measiiring 
flask. Add 8 (lin. oleinental bromine and water to 1000 c.c. •Tu.sf bcfoie 
using ])o\ir 10 e.e. of solution (ii) into a .»0 e.e. measuring flask. Add 25 
e.c. of buffer solution and Avatcr to 50' c.c. 

(c) Potassium iodide in granules. 

(d) Fuming hydrochloric acid diluted with an eiiual fiuantit% of Asatei. 

(e) 0.25 per cent starch solution. 

(f) N/lOO solution of sodium thiosulfate. 


1’KOCF.nruK 

Place in a small 5 by 50 m.m. test tube (Widal tubes are best) e.xaetly 
1 c.c. of the spinal fluid. If the Ikindy reaction is ijosith'e, only 0.5 e.e. of 
fluid is used. Add '2 e.e. of pbosiiboiiiolybdic acid reagent (la) to precipitate 
tlie proteins. Place in Avater bath at 56° C. for a few minutes; then eentrifuge 
for about ten minutes at 3,000 revolntion.s. Carefully pour off the supernatant 
fluid and dissoh'c the sediment in 0.3 to 0.5 e.e. of 4 per cent sodium hydroxide 
(lb). DraAV up the contents of the tube with great care, using a serologic 
1 cm., pipette: and ])laee them into a K.ieldahl fla.sk Avhich contains 2 c.c. of 
the digestion mixture reagent (2) and a few glass pearls. Again fill the tube 
with some Avater, and Avith the same serologic pipette transfer it to the Kjeldahl 
flask. Repeat this a number of times draAving up and bloAving out the contents 
of the pipette and Avashing the sides of the tube. Set up tAvo K.ieldahl flasks 
with the fluid to be examined and tAvo flasks filled only Avith the phospho- 
molybdie acid reagent as blanks. Boil both senes Avith the digestion reagent 
until the contents of the flasks become colorless and fumes no longer arise. 
After cooling the flasks, dilute the contents of each Avith 2 to 3 c.c. of water, and 
AA'hile continuously cooling Avitli Avater, add, drop by drop, tlie mixed indicator, 
NaOH, sodium fluoride solution (3) imtil it tui-ns blue; all flasks require about 
the same number of drops. Neutralize, therefore, all the fla.sks in the series in 
this manner; then add to each 5 c.c. of the liA-pobromine solution (Reagent 
41) mixed Avith buffer solution 4 A for use). Then add to each a fcAv granules 
of potassium iodide (4e) and 2 to 3 c.c. of diluted hydi'ochloric acid (4d) 
Titrate Avith N, 100 thiosulfate (4f) solution until the mixture is straAV veUow 
Add starch and continue titration until the colorless end point is reached 

Note; We use for our determinations micro-ICjeldahl flasks Avhose dimen- 
sions are; length of flask, 135 mm.; diameter of neck, 20 mm.; len^dh of neck 
85 mni.; diameter of body of flask. 40 mm.; volume of fla.sk, a'bout'so e c 


1 c.c. of X too thiosulfate equals 0.046 mg. nitrogen. Avhieh multiplied 
by the protein number 6.2:i corresponds to 0.2875 mg. of ])rotein This H'r 
nudtiplied by ]00 gives the protein content as ms. per 100 cc F - 
2.1 e.e. thiosulfate for 1 c.c. of spinal fluid Avas used.' Calculation • ' 9 
y, too = 60.375 mg. protein ])er 100 c.c. of fluid. *” —9/a 

The (luantity of thiosulfate used is calmdated hv siiblncfitK, tl « 
used iu the unkm.wn from that in the blank. ' quantity 

The at)t)licalion of this method for the detemirnllm, u 
and nonprotcin nitrogen in spinal fluid Avill be discussed in ^ 

^■cus.sea in another communica- 
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tiun. Wc sli.'ill also roporf our Jiiuliiius oti flic prolciti (.•oiilciit of iioriiial sjtitial 
fluid as drlrrmiiK’d hy this iiicdiod. 


(•oxohf.sroN' 

A iiietiind is licscriiaHl iiy which exact protein dclcruiiiiaf ions aia; pnssil)I(; 
even in very small fiuaiititi(‘.s of spinal l!ui<l. 


i!i:ija:i:srt>' 

1. Kiiipst)iiry. F. ]?., Clrirtc, C. 1’., Willi.-iins, OertricV'. ninl Porit, Anim I/.: Tlic rnpiil •If'- 

(OMiiiii!i(ifiii of filliiimin in urine, A. Ijah. A- f’t.i.v. Atrn. 11; PSl, K'Ja, 

2. I’apparort, F.; I'erfeincnita; iler in»>->:iiiulytiyelieu Jfi’s!imiiiuni: ile-- I’c.-t-X iin Jlltlfe olim' 

i)i‘.“fill!ilieii, Klin. Wclin^i'Iir. JO: 11!>a, ifi'K, 

a. linpi'nix'rt. F. : .Mikroi-Iieniie fli--! HIiiIc-j, \Vicn-l.ei|«/ii;, UOJ, •■'5. 1, lin.-il Ihtini, Kdifer, 
p. SO. 


A JIISTOCIIEMIOAL .^ffyi’itOl) FOlt DKM( >NSTKATIN'G TJIH 
rRESl'3X(:K OF flFriFON'AMlDKS TX THE 


G'KOKCf; 3ir. IMAcKia:. .Al.I)., Fuanz Iliaiu.AiAXN, Krnot.i’ L. JiAiaa M.F.. aNH 
JIIauio.v B. Si.'r.zmaauaf, 3\1.1),, Xi;\v Yomc, X. V. 


A BECKNT communication' reported the dccclopim'iit of new veliicles 
(“Penclrasols"), wliicdi increased flic pcmelralion of a large variety of 
substances through grossly intact skin (for example, ‘‘ju'ofein’' allergens, iron, 
mercury, bismuth, and the sulfonamides). The penetration of externally applied 
sulfonaniidc.s was demonstrated by the presence of these drugs in the blood and 
ni'ine. Further evidence, of the penetration of sulfonamide.s into and through 
the skin, was adduced by biop.sy of the .skin area and the use of a newl.v de- 
veloped specific hislochcmie.al coloi- reaction with the sulfonamide. 

We report here the details of our metiiod. which we believe, may find many 
other aijplivations. Preliminary re]mrl has ajijM'arod.- 

The vehicles studied were of different compositions, Imt in each instance 
equal quantities of the vehicle, containing ecpiimolccular concentrations of the 
drug, were gently rubbed in, in identical manner to skin areas of identical size. 
The only preceding ])rcparation consisted of clipping the bairs of the guinea 
pigs as short as possible M'itli a .sharp jiair of scis.sor.s. 

General elber ancstbesia was n.scd in the guinea pigs; and local anesthesia 
with procaine in man. A type of block ancstliosin was employed Ibrongb injec- 
tion of the anesthetic arotind and well awa.v from the site of excision to eliminate 
all possible procaine contamination of the excised tissue. This is an indispen- 
.sable precaution, as the presence of procaine, or even of injected water, could 
produce en-oncous results. The line of excision must be kept at a considerable 
distance from the site of inunction to avoid disjilaccment of the innneiion mate- 
rial wth the scalpel. Each excision Avas performed after a given time bad 
elapsed following inunction, 

' ^roni the SI;in and Cancer Unit, Now York Po.st Grndimto Jicmcnl School and Hospital, 
^‘’"’"rids^oiirrch wfl-s made possible by a grant from the Ti'allacc Laboratories. Inc.. New 
for publication, June <1, 1943. 
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PROCEDURE or TISSUE IIXAMINATION 

A. rta(io,..-No linxi.! teativos eouM bo .locd to obtain a 
aemonstetion. i.o., a domonoUation ol the dfttg s locabaation and 
trithin tiBstto, bceausc it tvaa evident that sisn.ifleant nnantrt.e3 oE 
meht be removed or dist.Iaeed tl.ro.tgl. transponat.on nntl. 

overcome these difficulties, m'c used a gaseous, ins ^ o ^ fi/mes 'would 
Dn- formaldehyde gas was cliosen because the use of osmic acic 
have obscured our findings. Fixation was carried out as o ows . ’‘.rib 

lene (paraformaldehyde) powder is spread in about 1 cm. deptli over the bot- 
tom of small glass beahers (1 to 4) which arc placed within a glass jai and 
bases surrounded bv 1 cm in depth of powdered trioxvine ij ene. ^ . o 

be equipped with a well-fitting glass cover (an ordinary Imtter jar, 4 x 4 
inches, wiU do). The small beakers are roofed, either with a pieee of gauze 
fixed hy a rubber baud, or with a small glass lattice. The hiopsj specimens aie 
placed flatly on these “sieves.” Each beaker is clearly marked to keep a record 
of the specimens. After the small beakers with their fresh specimens have been 
placed within the larger jar, the latter is covered and kept closed throughout 
the experiment hy several wundiiigs of adiiesive tape around the line of ensure. 

The jars are kept at room temperature and fixation takes place within two 
to twentv-four hours, depending on the size and thickness of the specimens. The 
most favorable moment for microtome cutting is immediately after fixation, be- 
cause some shrinkage and brownish discoloration gradually occur; but, when 
necessary, satisfactory' sections can be obtained even after ten to fourteen days. 

B. Cutting of Sections.— Alter fixation, frozen sections of 10 to 20 /x are 
cut. As our pai*ticular purposes necessitated compaiable specimens, the sec- 
tions used were all made of approximately equal thickness (about 16 (x). 

In the study of skin penetration, a.s already stressed hy Fuerhrmgei-® and 
later on hy others (Zwick, Eller and "Wolff, and Duemling^), the specimen must 
he kept in such a position on the freezing table that the epidermal surface is kept 
toward the operator, never directed toward the knife. This tends to ohmate 
the possihilitv' of carrying material from the epidermal surface into the deeper 
structures with the movement of the knife. In cutting thin and hairy* animal 
skin, the epidermal part often tends to separate as a thin lamella. This can he 
overcome by placing the specimen sagittaUy, at an angle of about 90 degrees 
to the edge of the knife. Here again, the epidermal surface must he turned 
away from the knife while cutting. 

C. Chemical Process and Reagents Used . — ^The demoustration of suLfona- 
mide within the tissue is based on the formation of a characteristic precipita- 
tion. Identification by means of fonnation of sulfonamide crystals, as carried 
out with a solution of iodine and .sodium iodide, etc., in mierochemical analvsis® 
is not feasible in liistotopical studios because the drug would he displaced from 
its original site. Similarly llarshall s reagent, commonly used for quantitative 
sulfonamide analysis, cannot be employed because extraction would occur with 
the dinzotation and irith the reaction. 


and 


“Ehrlich's Reagent.” p-dimetliylaminohenzaldehyde, as used bv Werner 
others'’- ‘ for quantitative .sulfonamide analvsis in WfEerT 


•For the sTVTii^' ronson? wo fnima technical precautLoivc 
J.O.. in oar FUuiirf* on the penctrarinn Af w.. -Ss 


examination: 


sis in blood, urine, and 
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other biologic llnids, proved most siiiloble iVir oiir piir])ose,s. Extensive pre- 
liiniimry trials in vitro and in tissue sections, with solutions of this reagent in 
water containing various eoneeni rat ions of mineral acids in acid alcohol, etc., 
Iiavc shown o])timnl j)rccii)italion with the following solution: 

ji-dimelhylaminobenzahlehyde .1.0 tini. 

--Mcohol abs. !)'>.0 <‘.e. 

Coneent rated JK.'l ').() c.e.. 


The ])urest obtainable aldehyde, having little, or at must a light biifi color 
when dry, is used. 'J’lic .solution is kei)t in an ambei--eoloi'(‘d tiasic, wi'Il closed 
by a ground gl.ass stoi>itcr. 'J’he litpiid gradually becomes yellowish, and it is 
lu'cferablc to use fresh .solutions (never more tlmn 2- to G-weeks-ohl). 

This reagent yields a lemon-yellow ]»recij>itato with low eoneeiitrations ot 
free stdt'onamides and an orange .shade with higher eoneeiilrations of the driig.s. 
The ns'ieling group of the sulfonamides is their free ‘'aniline,'’ NH, gniiip. Be- 
cause the colored rea<-tion jiroduet bleaches out and gradually assumes other 
shades on exposure to the air, in vitro as well as in the tissue, the sections can- 
not be made to keep the characteristic color for long. Extensive studies attenipt- 
ing to defer the fading time and to avoid any ])roeedurcs or admixtures which 
might tend to procluco variation in color have resulted in the adoption of the 
following routine toehni(iuo which wc have carried out .satisfactorily for the past 
two years on a great number of specimens of human and animal skin. 

The sections (IG p ), obtained as described above, arc placed (hnrilii on a 
clean .slide, with a dry brush (camels’ hair). Two drojis of the ])-dimethylaniiiio- 
benzaldchydc solution in acid alcohol (sec above) are di‘opp(‘d on the section. 
After three to five minute.s, 1 to 2 drops of absolute alcohol containing :> por 
cent of concentrated ITCI arc added (1 drop for the smaller and 2 drops for 
the larger .sections). The sections arc dried immediatel.v by careful ab.sorption 
of exce.ss fluid with small pieces of filler paper, or before a rotating tan. or 
by both methods. (Careful studies under controlled conditions ruled out the 
po.ssibilit.v that, the removal of the acid-alcohol with filter iiajicr could cause 
dis))lacemont of the colored pi-oduct in the section.) AVarming is not advisable. 
As .soon as drv, the .sections are covered with the following concentration ot 
di.s.solved T)amar resin: Damar resin 10.0 Cm., Xylene 10.0 c.e. (This ‘‘thick 
mounting medium has proved superior to Canada balsam, cedar oil, origanum 
oil, albumcn-gl.vcerin, etc., which either extract the colored product, or ])roducc 
color changes, or lead to (piick fading.) Then the cover slip is sealed with liquid 
paraffin melting at 56° C. Because exposure to air impairs the intensity ot the 
color, after the addition of the acid alcohol the wlmlc ])rocedurc must be accom- 
plished as quickl.v as possible and air bubbles must be removed from under 
the cover slip. The succe.ssivc ii.se of acid alcohol and the solution of Damar 
resin in xylene has the additional advantage of jiroducing a satisfactory and 
rapid clearing of the sections. IMieroscopic examination must be as early as 
])ossiblc; and colored photos, if de.sircd, should be taken not later than three 
to four liours after the reaction has occurred. 

As stated, the ])resence of sulfonamide is characterized by a bright orange 
m- lemon-vellow color. Counterstaining has not jn-oved valuable because the 
reaction color of the sulfonamide tends to be obscured. Black and white photo- 
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graphs may slmw llic siiiroiiamidc picturo and dislnl)iitioii wlicii tin,* lissiios 
themselves do not contain pigment or other material darker in shade, than the 
orange-yellow snifonamide, reaction. 

Figs. 1, 2, 3, and 4 arc black ami white pliotograpiis which were retaken 
from colored diapositives and which show the different routes of penetration 
of .sulfonamides through the skin of the. same albino guinea pig after inunction of 
snifonamide under strictly comparable conditions, but di.ssolved in 3 different 
types of vehicles. The photographs are presented here merely to shoiv the 
technical possibilities of our method in differentiating various types of dis- 
tribution in the tissues. (Details on composition of the different vehicles and 
mode of application, etc., will be the subject of foilhcoming communications.) 



Fig. 1. — Control: Area of skin which received 
excised and histologically prepared and treated with 
alcohol exactlv like the other sections shown in Fig.s. 




p-dirneth>daminobenza"dehvde ’ 

: to 4. No reaction seen. * 


was 

acid- 


Figs. 1 to 4. — Figures are all 
of the same albino guinea ' ' 
ticulars on the composition v.... , 

will appear in a future publication 



D. Con troks.— Several controls are es.sential to make ns on, -in' 
that the yellow to orange color observed in the sections is • -I '^n 
sulfonamide reaction and not to tlic presence of preformed ^ 

or pigments (c.g., melanin, blood pigments, carotene, bile etc material 

Control 1: Examination of .several sections from’ the snmo t' 
proeessed in identical faslnon as tiie sections treat 1 •• specimen 

hcnzaldehyde. hut not exposed to this reagent C "P} P'^^^'methylamino- 
those sections either shows that Pi’efornied rolored <^‘-'^mmination of 

the site of any preformed colored matter of a .sli i' or reveals 

sulfonamide reaction product. As a rnlp oi-:,, ' similar to that of the 

or no mate- 
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other biologic fliiicls, proved most. .suil;il>Ie l‘oi- our i)urposos. Exleusivc pre- 
liminary trials in vitro and in tissue sections, Y-itii solutions of this reagent in 
water containing various concentrations of mineral acids in acid alcoliol, etc., 
have shown optimal precipitation with the following solution: 

]vdimethylaminobon7.aldchyde 1.0 Ttm. 

Alcohol abs. ilo.O c.c. 

Concentrated HCl 5.0 c.c. 

The ])urest obtainable aldehyde, having little, oi- at most a light buff color 

when dry, is used. The solution is kcj)l in an amber-colored tiask, well closed 
by a ground glass stopper. The licpiid gradually becomes yellowish, and it is 
preferable to use fresh solutions (never more than 2- to 3-woeks-old). 

This reagent yields a lomon-yellow precipitate with low concentrations of 
free .sulfonamides and an orange .shade with higher concentrations of the drugs. 
The reacting group of the sulfonamides is their free “aniline,” NIL grouj). Be- 
cause the colored reaction jiroduct bleaches out and gradually assumes other 
shades on e.Kjmsure to the air, in vitro as well as in the tissue, the sections can- 
not be made to keep the characteristic color for long. Extensive studies attempt- 
ing to defer the fading time and to avoid any procedures or admixtures which 
might tend to produce variation in color have resulted in the adoi)tion of the 
following routine technique which we have carried out satisfactorily for the past 
two years On a gi'cat number of specimens of human and animal skin. 

The sections (16 /t ), obtained as described above, are placed dmciji) on a 
clean .slide, with a dry brush (camels’ hair). Two drops of the ])-dimethylamino- 
benzaldehyde solution in acid alcohol (sec above) arc dropped on the section. 
After three to five miniitcs, 1 to 2 drops of absolute alcohol containing 5 per 
cent of concentrated HCl are added (1 dro]> for the smaller and 2 drops for 
the larger sections). The sections arc dried immediately by cai-eful absorj>tion 
of exce.ss fluid with small pieces of filter 3 )ai)er, or before a rotating fan. or 
by both methods. (Careful studies under controlled conditions ruled out the 
possibility that the removal of the acid-alcohol with filter ])a]ier could cause 
dis])lacemcnt of the colored product in the section.) Warming is not advisable. 
As soon as dry, the sections are covered with the following concentration of 
dissolved Damar resin: Damar resin 10.0 Gm.. Xylene 10.0 c.c. (This “thick” 
mounting medium has proved superior to Canada balsam, cedar oil, origanum 
oil, albumen-glycerin, etc., which cither extract the colored product, or produce 
color changes, or lead to quick fading.) Then the cover slip is scaled with liquid 
paraffin melting at 56° C. Because exposure to air im 3 )airs the intensity of the 
color, after the addition of the acid alcohol the whole jn'oeedure must be accom- 
plished as quickly as possible and air bubbles must be removed from under 
the cover slip. The successive use of acid alcohol and the solution of Damar 
resin in xylene has the additional advantage of producing a satisfactory and 
rapid clearing of the sections. Jlicroscopic examination must he as early as 
possible; and colored photos, if desh'cd, should be taken not later than three 
to four hours after the reaction has occurred. 

As stated, the presence of sulfonamide is characterized by a bright orange 
or lemon-yellow color. Counterstaining has not proved valuable because the 
reaction color of the sulfonamide tends to be obscured. Black and white photo- 
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;,'riiplis niiiy show lln' sniroii.'iiiiidi' picturi^ Jind disi rilml ion wlion flic 1 issues 
tlicnisolvcs do not <’ont;iin pienn'iif or oilier iniileri;d ilorker in slinde tlnin flie 
ornnizc-yelloM- sulfoniiinide relief ion. 

Figs. F 2, 3, Jind 4 iin* lilnek iind wliife pliof oirriiplis wliieli weie reliiken 
from colored diiiposilives iind wliieli siiow flie difi'orenl roufe.s of jienelration 
of .sulfonamides flirouuh fhe skin of thr siiiur alhiiio guinea pig after inunction. of 
.sulfonamide under strictly eomimralile eondilions. but dissolved in 3 different 
typo.s of vehicles. Tlie photographs are jire.sented here merely to show the 
technical possibilities of our method in differentiatin': various types of dis- 
tvilmtion in the tbssues. (Details on eomi»osition of the different vehicles ainl 
mode of apidication. etc., will be the subject of forthcoming communications.) 



excised • -Area of skin xvliich received no preceding inunction but Tvhicli ■was 

alcohol prepared and treated with p-dimethylaminobenzaldehyde in acid- 

exactly like the other .«ection.s shown in Figs. 2 to •!. Xo reaction seen. 

of the^cfm ^ IK- — ^imires are all of .specimens of biopsies taken from different skin areas 
Oculars on miinea pig. (Black and white reproductions of colored diapositives). (Par- 

will annuF^cO composition of the penetrating vehicles designed to achieve the different effects 
ppear m a future publication.) 


til ^ — Several controls are e.s.sential to make as certain as possible 

m the yellow to orange color observed in the sections is actually due to a 
onamide reaction and not to the presence of preformed yellowish material 
pigments (e.g., melanin, blood pigments, carotene, bile, etc.). 

Cwiiiol 1: Examination of several sections from the same tbssue specimen 
^^ioee.s.sed in identical fashion as the sections treated with p-dimethylamino- 
thes ' .e.xposed to this reagent. Comparathm examination of 

the ^ either shows that preformed colored matter is alisent, or reveals 

preformed colored matter of a shade similar to that of the 
onamide reaction product. As a x-ule, skin sections .show little or no mate- 
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rials in the color range of the snlfonamiclc reaction; and, if present, tlicir color 
is duller and more brownish than that of the s])ccific sulfonamide product, whieli, 
as stated, is characterized by its brightness. 



Fip. 2. — Area of pltln whicli vocoivcil Inunction of 10 per cent siilfonan>Ulo, applied In a 
vehicle consislln?^ of lanolin and Avatcr. (Kxcl55lon alxly ndnute.s after Inunction : fixation and 
treatment as described In text.) Note that the reaction nroduct (darker areas) Is practically 
confined to the surface and the upjjor parts of the horny layer. 



Kiff. 3. — Area of skin which received Inunction of 10 per cent sulfonamide dissolved in a 
nenetrasol type of vehicle which favors penetration into hornv structures. (Excision sixty 
minutes after inunction; fixation and treatment as described in text.) 

(Note that the homy layer and the follicle cross sections show heavj’ deposits of the dark 
material, while other parts arc relatively free.) 


Control 2: Comparative examinalion of a specimen of the same or cor- 
responding organ but obtained from a site known to be free of sulfonamide. 
Control biopsy specimens taken from the same individual at a skin area dis- 
tant from thaf of the sulfonamide application, are fixed, cut, and treated %vith 
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p-(liniet]iyliuninol)oiiz.'\l(loliy(lo, ox.'ictly ;is dcscrihcd for the demonstration of 
sulfonamides in the tissue. This is neee.s.s-ary to rule out the possibility of a 
"non.speeifie’’ reaetion. 'While tlu'se eontrols were uniformly negative (Fig. 1), 
it must he borne in mind that p-dimethylaminobenzaldehyde produces a yellow 
reaction with any ])rimary aromatie amine, with urobilinogen, with higher con- 
centrations of urea, and imrliajis also with deeomposition products of the tissue. 
We have sometimes observed this ]ihenomena on merely warming a section. 
(Thus, as stated, warming must not be used in the drying procedure.) Further- 
more. certain drugs other than siilfonamides (o.g., phenaeetin, acetanilid) give 
reactions similar to tho.se ])roduced with sulfonamides. Procaine and related 
local anesthetics may also produce this effect; therefore, as already mentioned, 
no .such solutions should he used to inhltratc the actual site of biopsy. 







type Qf skin -which received inunction of 10 per cent sulfonamide in a penetrasol 

9^fter favors penetration of all cutaneous structures. (Excision sixty minutes 

fixation and treatment as described in text.) 

reaction product [dark material! is found in all structures. Including- 

hen all precautions have been rigorously obseiwed, the desci-ibed histo- 
opical method is probably applicable to a large variety of tissues (urethra, 
ei mucous membranes, tonsils, bone marrow, wounds, etc.), but is not likely 
^0 piove applicable to certain other tissues (liver, gall bladder, etc.). As is 
investigator should not rely upon an absolute accuracy of localiza- 
tion' when identical experiments repeatedly show the same localiza- 

^ons of the characteristic colored material; and, conversely, when deliberate 

repeatedly show characteristic differences in the lo- 
ization of the colored material, the findings may be considered as elueidatino' 
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l)iu’1i(.‘ulars of llio diaig's pi'mitralioii, roiilc, aiul distriimtioii within (ho tiKsno 
struct uvo.s. (.Sec Figs. 2, 3, and 4.) 

IF Discussion . — A J’cw gcnoral coinnicnl.s slninld !)t‘ nnido on our histo- 
cheinical procedure itsell' and how wc came to adopt the vai'ions stojis finally 
selected. 

As shown by Morris in I’ciKU-ting on sulfonamide dclennination in body 
fluids, ' tlu' coin))ound responsible for the color is p-dimetiiylannnobenzylidene- 
l)-aminoben7.ene sulfonamide. While ^lorris rightly stressed the dependence of 
the color on the pH, addition of a bufi’er is not nccc.ssary in our i)rocedure, 
which is carried out almost, in the absence of water, 'i'hc HCl concentration used 
is so high (hat variations which may be eaii.sed by pi I differences in the speci- 
mens are negligible. 

In order to minimize the po.s.sibilily of dissolving or moving jjarts of the 
reaction product, our sections are not immersed in the reagent solution, but 
arc treated with the reagent directly while on the slide. On (he other hand, 
the jdain acid (HCn-alcohol is added as a rinse, to ensure the removal of 
excess reagent and of othei' loose yellow or orange-colored matter. This rinsing 
unavoidably involves the loss of a fraction of the reaction ])roduel, but wc be- 
lieve this disadvantage to be more than offset by the advantage of confining 
the colored reaction ]irodncl as .strictly as ]U)ssiblc to the original actual sites 
of the drug within the tissues. Our re.snlts ai'c, therefore, more inclined to miss 
some of the sulfonamide, rather than to indicate sulfonamide where none was 
present in (he tissues. 

As already pointed out, the characteristic ])ictnre is not ])i-eserved for long, 
de.spite all available technical ])recantions to prevent fading. ^Y]lilo undeniably 
inconvenient, the lack of stability of the eoloi- is further ]>roof of the nature of 
the colored product and indicates that the yellow or orange material is produced 
by the chemical reaction with the sulfonamide and that it is not due to the pres- 
ence of other or preformed colored matter, such as i>igment, lipids, carotene, etc. 


STOIMARV 

A new method for bistochemieal and histotopical identification of sulfona- 
mides in tissue sections is described and discussed. This method has been em- 
ployed and found satisfactory in numei'ous .studies on the ]>ereutaneous pene- 
tration of sulfonamides, alter their solution in penetrating vehicles and their 
o.xternal application to grossly intact human and animal skins. 
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TIIK DETEinflXATFOX OK ALUrAIIX AXD GLOBULIX IX BLOOD 
t^EELM BY SBECIEK’ GRAVITY MEAi^UREMEXTS' 


R. A. MottTi;x.*=i;.v. Pn.D.. axo MAitGAunr 1Iai!D1xoe, A.B. 
Lti.MA Lixda. Calif. 


ql’ECIFIC ijnivity iiu'IIkkIs''^ sttilalilo for llie (Icteniiiiiatioii of total protein 
in scrum may be ai)]ilic(l to the esiimatinn of the albumin and globulin 
fractions. In a procedure described liy Barbour.'' .serum is mixed witli an ex- 
actly equal volume of .saturated aminoniuin sulfate under oil and is spun in an 
angle centrifuge for an hour at bigb .speed. The density difference bet'ween 
die supernatant lirpiid tind a like mixture, in which serum is replaced by an 
accurately standardized dilute solution of ammonium sulfate, gives the basis 
for calculating the amount of albumin present. Certain rigorous precautions 
are necessaiy. On account of the great diffei-ence in the .specific graAnties of 
serum and saturated ammonium sulfate, a small error in mea.suring tlie volume 
of either solution makes a large error in the result. The necessaiy degree of 
precision is seldom attained in routine work. 

In the method here described, prolonged centnfuging is unuecessaiy and 
file difficulties involved in the determination of the increase in .specific gravity 
due to protein in the presence of high salt concentration are obviated. After 
piecipitation with ammonium sidfate. the globulin fraction is treated with 
bicliloroacetie acid in order to dilute the salt. It is then redissolved in dilute 
sodium hydi-o.xide. The difference between the .specific gravity of the re- 
•Ai ting solution and that of a blank, prepared from an eriual A’olume of the 
eiloroacetic acid supernatant similarly treated with sodium hydroxide, is a 
unction of the protein content of the solution. Globulin and albumin are 
this difference and the specific gravity of the original senim. 
s procedure permits the specific gravity measurements to be made on dilute 
utions and within the range used on serum itself. Only ordinary care is 
cquhed in order to obtain reliable and reproducible I’esnlts. 


AIETHOD 

Jicarjents. — ^Aminoniuin sulfate solution pz'epared by adding 346 Gm. of 
‘c anhydrous salt to 1000 Gm. of water. 

Tricliloroaeetie acid solution, 5 per cent. 

— * n ’lium lij'droxide solution, 2.2-5 per cent. 

nie Department of Biochemistry, School of lledicine. College of Aledical Evan 
fo'' publication. June 7 , 19 t 3 . 

ileaical EraSgeiSfs! ^ grant from the Alumni Research Foundation of the College of 
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Procedure . — Ojie cubic ceiitiineter of .serniii is pipetted into .'i 15 c.c. conical, 
graduated centrifuge tube, and ]() c.c. of Die anunoniuin sulfate solution is 
graduall.v added wliile sliaking. ]t is then corked and centrifuged at 2500 to 
3000 revolutions per niimite for ten minutes. The supernatant liquid is drawn 
off to the 1.0 e.c. mark and discarded. Ten cubic centimeters of 5 per cent 
trichloroacetic acid are added and thoroughly mixed with the precij)itated 
protein, xising a fine glass rod to hnsdc up any coagulum whidi may he packed 
in the bottom of the tube. The mixture is now centrifuged a second time at 
the same speed for five miuutc.s. One-half cubic centimeter of the supernatant 
liquid is transferred to a test tube for use as a blank: the remainder is drawn 
off to 0.5 c.c. Ojic and oJie-half cubic centimetei's of 2.25 j)cr cent .sodium 
hydroxide are added to both tubes and the resulting solutions are thoroughly 
mixed. The precipitated ju-otciu is best stirred uj) to form a paste before the 
addition of sodium hydroxide and then .stirred again immediately afterwards 
until the protein is eomplctdy dissolved. 

The .specific "■rarities of the two solutions are measured by any suitable 
method, such as the well-known falling- drop.-- ’ 

In making a scries of dcforminations, is it unnecessary to prcpai-e a blank 
for each analysis. In fact, it has been fountl possible to use the same blank 
i-eading over a period of several weeks, provided the reagumts are kept in well- 
stoppered bottles. 

Calculalions . — The globulin, 0, in Gm. per 100 e.c., is calculated from the 
formula 

G == 695 D - ^ (1) 

where D reprc-sents the diiTcrcnce in .specific gravity l)etween the bltmlc and 
the protein solution, and T represents tlic total ])roteiji content of the serum in 
Gm. per 100 c.c. 

If measurements arc made with the sjieeific g-ravity pipette, provided with 
a scale reading directly in ])erccntagc of protein as previoush- described,'' 
formula (1) becomes 


G 


T 

2 D - 

10 


( 2 ) 


in which II is simply the difference between the readings of the blank and the 
protein solutions. 

Albumin is calculated by subtracting the value of the globulin fraction 
from the total protein. 

Exaonplc . — A serum specimen was found by the specific gravity method to 
have a total protein contCTit of 6.8 Gm. per 100 c.c. When analyzed b.v this 
procedure, using the falling droj) technitjue of Harbour and Hamilton,- flic 
blank and the protein solutions gave a])])aront density difi'erences, as read from 
the alignment chart, of 0.0050 and 0.0091, rc.spectively. Substituting the values 
in formula (1) gives globulin. 

Q = 695 (0.0091 - 0.0050) - ^ = 2.2 Gm. per 100 c.e. 

With the specific gi-avity pipette" calibrated to read directly in total serum 
protein pei-centage, the readings of the blank and the protein solutiojis were 
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5.S0 and 7.25 when reduced- lo the saiiu* temperature. Using formula (2) tlie 
globulin content is 

G = 2 (7.25 - 5.80) - 

liCmaHs . — In carrying out tlie foregoing ju’oeedurc, a centrifuge tube 
ilioiild be used wliieli is kmnvn to be aeeurale at 0.5 and I.O e.e. 

It is important to add the fii-st 2 e.e. of ammonium .sulfate .solution to the 
serum a drop or two at a time with siiaking; otiicrwise. the precipitate may be 
too YolumiuQus. But with thi.s precaution it will seldom occupy a A'olume 
greater than 0.(5 e.e. In rare ea.ses it may be uecc.ssary to centrifuge for a 
iniiger time than ten minutes in order to got a clear supernatant liquid. Turbid 
solutions may result from failure to tightly cork the centrifuge tube. 

For (Irau-ing- off the supernatant solution after centrifugation,s, it is con- 
venient to use a tapered glass tulie connected to a water-a.spirator pump. With 
suction applied to this tube, the .solution may be drawn off rapidly and preciselj" 
to the recpiircd volume without di.sturbing the jirecipitate. 

The second centrifugation should not be unneee.ssarily prolonged, as es- 
ce.s,sive packing of the protein precipitate retards its .solution in .sodium 
I'.vdroxide. At times small gel-likc particles which dissolve slowly form upon 
die addition of alkali. Little or no difficulty from this source is experienced, 
however, when the mixture is .stirred immediately. 

Small amounts of the ammonia formed in the reaction of sodivun hydroxide 
with the ammonium salt are una\'oidably lost; however, the solution may be 
allowed to stand for as long as an hour after the addition of alkali Avitbout 
introducing significant error, provided the tube is kept well-corked. 

With a bttle experience a complete serum protein analy.sis can be made in 
one-half hour, and four or six determinations can be carried out simultaneously 
m less than one hour. The method is especially suited to the occasional eatima- 
tion of serum protein fractions, since the reagents are readily prepared and 
do not require accurate standardization. With the falling dr-op method no 
standard other than that commonly used iu measuring the specific gravity of 
serum is required, while the use of the specific gravity pipette di.spense.s with 
the need of a standard solution of any kmd. 


REOATIOXSHIP BETWEEX SPECIFIC GR.VAUTY AXD PROTEIX CONTEXT 


The specific gravity method for the determination of the total protein con- 
tent of serum is based upon the investigations of iloore and Van Slyke,^ Weeeh 
Keeves, and Goettsch,® Kagan,^ and Nugent and Towle," who found that a linear 
relation exists between specific graruty and amount of protein, haA-ing the form 


Total protein = K (specific graAuty - b) 
where K is a conversion constant and h represents the specific graAuty of serum 
with protein eliminated. Thus, the specific graA'ity increment of protein i.e. 

le contribution made to the .specific graA-ity by the protein present, is direetlv 
proportional to the protein content. ' 

Assuming a similar relationship to exist for protein after haA-ino- 

an, „ai««,ved in l,vdr»ia., itliian, that .tTekaXH; 
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globulin present in llio serum in the rnregoing ])ro{;e(lniH' may be expressed by 
the genex-nl formula 


k a Vr 1) b T 
(n-b) V» “ a-b 


in M'hieb is tbe volume of scrum used, 1) is llie increase in specific gravity 
due to the preseuec of protein, k is a proportionality constant, a is tiie total 
volume in cubic centimeters of one-balf saturated ammonium .suifate, 1) is tl:e 
volume remaining after drawing olV tbe lii’st supernatant solution, Vf is tbe 
final volume of tbe solution after the addition of alkali, and T is tbe total 
protein in tbe original serum in Gm. ])er iOO c.c. 

Tins erjuation was tested in an extended series of experiments, using 
different amounts of jmoled human serum analyzed for pi-otein by tbe Howe'* 
tecbnicpie in con.inuction with tbe inaero-Kjeldald nitrogen metbod. It was 
found to hold within rather narrow limits over the range of globulin values 
likely to be encountered. At tbe same time, tbe value of constant, k, was found 
to be 316. 

A eomparison of this value for k with the corresponding constant in the 
formula of Weech and eo-worker.s'’ for total jirotein in serum, where K is taken 
iis 34S, indicates that the aidmrenf specific gravity increment of protein under 
the conditions in the pre.sent ju-ocedure is about 10 jier cent greater than in the 
case of pure scrum. This difference is p)-ohal))y due to a combination of factors, 
the most important of which is the retention of a certain amount of trichloro- 
acetic acid by the precipitate. That .such a retention occurs was demon.strated 
by Duliero and j\Iinuc.'-’ The amount retained was found to be i)roimrtional to 
the weight of protein, however; hence, this factor should not affect the validity 
of formulas (1-3). 

Formula (1) may be obtained by substituting into equation (3) the. nnmer- 
ieal values designated in the procedure, thus 

31G X .11 X 2 D T ,, T 

io To -'"““-To 


Formula (1) reduces to formula (2) when .specific gravities are replaced by 
their percentage protein equivalents as given with the direct-reading pipette.- 

Small departures from the q\iantitic.s specified in the procedure arc pos- 
sible if the relation.ships expressed in equation (3) are taken into account. For 
example, the final volume of solution may be made 1.5 c.c. instead of 2.0 c.c. by 
the addition of o)ily 1.0 c.c. of sodium hydi’oxide solutioji, provided 1.5 is 
used as Vf in place of 2.0 in calcidating the re.sult. There are practical limits 
to such A’ariations, however. The addition of too small an amount of alkali, 
for example, results in failure to completely dis.solve the protein precipitate, 
while an increased amount magnifies the effect of errors in the mea.surement of 
specific gravity. 

In establishing suitable concentrations and volumes for the solutions in- 
volved in this method an experimental study was made of the vai-iations in 
.specific gravity with the composition of different mixtures, both with and with- 
out protein present. 'When 2.25 per cent sodium hydroxide Avas mixed in 
different proportions Avith a solution consisting of 10 volumes of 5 per cent 
trichloroacetic acid and one volume of one-half saturated ammonium- sulfate, 
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tlie spi’i-ifif "liivity of tlio n'siiltiii^ solutions vjiriod ;icoonliii;_'^ to curve ACI» 
diown in Fijr. 1. Witli l.o per cent protein ]H'cs('nt tlie curve EF av:i.s ob- 
tained. An innoinit of ]>rot('in ci]niviilcnt t<» lliis. for c.xnmple. nppear.s in the 
final alkaline solution wlicn n (Ictcrniiinition is <-!irric(l out on n one cubic cen- 
timeter specimen of sernm containinjr 2.t’ per cent •rlobnlin and 7.0 per cent 
total protein. The elevation of any jioint in EF above the corresponding point 
in CR represents the sju’citic gravity increment. 1). in erjnations (3-3). This 
(piantity is interiireted as due to and proportional to the protein content of the 
solution. The tine EF also re])resents the api)roxiinate niax'inmin range through 
^liicli the in'o)iortions <tf the two solutions may be varied in cariying out a 
deterinination. 



solutiOT nrpni.rn.TTi*"® ''epi-esenting: specific gravity of mixture.s of 2 . 2.5 per cent XaOH and a 
saturate/ arnmon.M- ’<> volumes of 5 per cent trichloroacetic acid to one volume of half 

Protefn. BSF°"Tm sulfate. Curce ACB. .solution containing no. protein; curve EF,?ontam5,g 
protein ® represents the increase in specific gravity caused bv the presence of 

of theTp^'^soluHons?'”^'^®®"'^ volume of XaOH solution divided by the sum of the t-ol^ef 


Twenty-four determinations by the specific gravity and the Howe-Kjeldabl 
^ comparatively wide range of globulin values, are given in 
-Lni the method here described is essentially one for the estimation of 

c Him values for that fraction only are reported. It will be noted that the 
-relation between the two methods is close, in fact closer than that msna^h 
cined m a senes of total protein determinations. This mav he evnl • 'i 
m part by the lact that v.ri.tioi.a ip acrum copatit.teprt. ”p ,, ! 'S ‘‘“1 
e ueose, tvhich are soluble in the reagents emploved, have no annrpe' M .v” 

rer'iooTr- '—■«>' -0 rteSrSuVr 

si;.MAr.\i!Y 

A method for the detenuination of serum .rl„b,,i:„ , „ . 

gravity measurements is described alhumin by specific 
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Taum; I 


CoMPAKisoN OK JlowK.-KaKi.DAiii. AN’i) .SrpoiFic Gkavity MmioDs KOI: Skiik.m Gl,Oia:i.lN 

Viilnon in Gin. jior 100 c.c. 


SrKCIMK.V 

HOWK- 

ICJKUiAJU. 

.sj*KnFic 

/aiAvirv 

srKriMKN* 

IIOWK,- 

K.JEr.D.UII, 

KI'KCIKIC 

fJKAVlTV 

1 

1.7 


13 

O (1 

() o 

o 

•t »> 


M 

5.1 

5.1 

3 



15 

1.7 

2.0 

4 

2.1 


16 

- l.S 

1.6 

0 

4.3 

4.0 

17 

3.0 

3.1 

0 

2.4 

2.5 

IS 

1.9 

2.0 

7 

4.:i 

4.3 

19 

■l.l 

4.1 

8 

3.6 

3.6 

21) 

-1.9 

4.8 

9 

3.7 

4.0 

2] 


5,0 

10 

•».7 

3.8 

n.i 

1.5 

1.5 

11 

2.3 

n •» 

23 

2.7 

2.5 

12 

J.5 

1.3 

21 

2.5 

2.5 


The srlolnilin is defcnnined by prec-ipitafion Avitii one-iiaif .saturation of 
ainmoniuin .sulfate, the jireeijutate bein<r subsefjueutly treated witli 5 jier cent 
trichloroacetic acid and redissolved in 2.25 jier cent sodium hydroxide. The 
ditTerence between the .specific "ravity of Die re.snltinfr .solution and that of a 
blank prepared from the trichloroacetic acid svpiernatant licjuid represents the 
amount of pi-otciu in the solution, and when used in con.iunction with the total 
protein value gives a basis for calculating both the albnmin and globulin 
fractions. 

Any .specific gravity method .suitable for e.stimating total serum protein 
may be employed, and no additional .standard is required. 

A comparison of the results with those of the Ifowe-K.ieldaiil method is 
given. 
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Erratum 

In Die article by Drs. Bernardo Sepulveda and Arnold E. Osicrberg, en- 
titled “Serum Bilirubin: A Procedure for the Determination of Indirect and 
Direct Values,” in the August, 1943, issue, page 1359, the third line in the third 
paragraph should read: “bilirubin is removed from the serum by successive ex- 
tractions with chloroform.” 
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CLINICAL AND EXPERIMENTAL 


ON THE ABSORPTION AND EXCRETION OF IIETHYLS^VLICYLATE 
ADMINISTERED BY INTNCTION*^ 


K. Beutxer, !M.D., Ph.D., B. Cale-sxick, M.S., E. Po\\i:ll, B.A., axd 
L. Bortix, B.A., Phii.adki.phia, Pa. 


PREnOVS RE.SEARCH 


J he percutaneous absorption of the salicylates, including methylsalicylate, 
was investigated as early as 1876 by Drasehe,^ who showed that an alcoholic 
solution of salicylic acid applied to the skin caused an almost immediate ap- 
pearance of salicylate in the urine. Since then, numerous other investigators’’ ’ 
have confirmed the rapid percutaneous absorption of salicylic acid. As this 
I’ug proved too irritant for inunction, further attention turned to its esters. 
Several of these were found to be more rapidly absorbed from the skin, such as 
aiethyloxymethyl salicylate, glycol salicylate, and particularly the now preferred 
methylsahcylate (Impens and Sauerland),®’ * In some quarters, however, the 
percutaneous absorption of the methyl ester is still doubted. Goodman and 
ilman,^ for example, propound the following judgment : 


‘‘Methylsalicj'late is , . . absorbed when applied cutaneously, but 
this route is too rmcerhain when systemic effects are desired. " 

There may be some justification for such criticism, as the evidence assembled 
so far has not been convincing. To wit: Sauerland" found that onlr 0.5 per 
cent of the applied methylsalicylate was absorbed from the skin, thouerh Imnpn«« 
rtaintained that the amount absorbed was S per cent to 9 per cent- TTnr, n 
f„™d absorption to b. oonsidorabh- ttJi 

t It to be slow and irregular; certain other investigations apnear nnooo 
^ ineing because of the rather artificial methods of application nsprl n 
immersion of hands in fattv or alcoholic solution^ 

(Brown and Scott) .= methrtsahcylate, etc. 
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IXVKSTICATIOX OX A I,AK(iKI{ SOAIJ-: 

The study here doscrihcd was done with a lai'f^or muniier of subjects than 
tliose reported previous investigators. A total of 103 inunctions wore made 
on 86 individuals. The scries was large enough to lead ns to believe that an 
over-all average may be estaldished in spite of considerable variation from in- 
dividual to individual, caused by differences in shin peianeability, kidney func- 
tion, etc. The study was undertaken to determine the .salie.vlate e.vej'cf ion after 
inunction of mcthylsalieylate and to com])are it with that occurring after the 
oral administration of one tablet (0.3 (tin.) of acotylsalicylic acid. 


VEniCM« USED 


Three different methyl.salieylate ointments wore used in the study. AYhilc 
their salicylate content was tlic same (20 jicr cent), different bases Avere em- 
ployed as vehicles; 


1. Anhydrous lanolin 

2. Anhydrous lanolin and menthol, giving tl>c ointment tlie following 
composition : 


Lanolin 

60 ]ier cent 

Klcnthol 

20 per cent 

^leth.vl.salic.vlatc 

20 jier cent 

3. A special aqueous base containing; 


Glycerin monostereatc 

35.0 per cent 

Phenolic rc.sin 

4.2 per cent 

Acacia 

3.5 jicr cent 

Water 

28.0 ]>cr cent 

Alcohol 

28.0 per cent 

Glycerin 

1.3 per cent 

Total 

100 per cent 

This rather solid mixture of base 3 was able 

to emulsify 20 ]ici 

weight of methylsalieylate and 20 per cent of 

mcntliol, forming 


ment Avhich upon inunction was absorbed by tlie skin without leaving the skin 
greas.v. The lanolin ointments, by contrast, leave a greasy re.siduc, no matter 
how long thev arc rubbed on the .skin. 


As the presented observations will show, the type of ointment used exci’ted 
little influence upon the amount of methylsalieylate absorbed. The amount of 
ointment used for each inunction, regardless of base, was 10 t!m. 


TIJIE LIMITS OK EXCRKTIOXS 

In order to determine the time over which salicylate is excreted, as well 
after inunction of methylsalieylate as after oral administration of acetylsalic.vlic 
acid urine samples were collected at short intervals after inunction or ingestion, 
*viz.,'after 1^4 hour, % hour, 1 hour, and 2, 4, 8, 12, IS, 24 hours. Each sample 
was tested cjualitatively for the presence of salicylate by the addition of a ferric 
salt; if the urine sample had to be acidified, a small amount of hydrochloric acid 

was added. 
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Ei"ht suliji'cls wtMv used for lliis (iiiiilitalivo dctonniiiatioii witli inclhyl- 
salicylato imiiiclioiis. In two (if tlinso. fxcn'tion was limited to two liours; in 
five, it oeenrrod over a iii>riod of 12 hours; oidy in one case was excretion pro- 
tracted more tlian 12 hours. 

^^ith aeetylsalieylie acid taken by mouth 33 sulijeets were used. In 31 of 
these, salicylate excretion was eomjileted in 12 hours; in the other two, a small 
residual amount was excreted a few houi-s later. 

For the puriiose of determiidnti (luantitative excretion it seemed .iustified 
therefore to limit the time, over which the urine was to he collected to 12 hours. 


CP NT ITATI Vi: IIKTKRM I N ATIO N 

The subjects employed were medical students whose interest in the study 
assured the proper carryiiifr out of instructions. Each of the subjects was rou- 
tinely ])rovidcd with 10 dm. of a 20 per cent methylsalicylate ointment and in- 
structed to rub the ointment into the .skin of his che.st. abdomen, and thigh at 
6 p.M. u-ithout Avasting any part of the ointment. If the skin felt uneomfoidably 
greasy after inunction Avith the lanolin ointments, the excc.ss could be Aviped off 
one-half hour after application, but not sooner. 


Table I 


OF S.ALUrVLlC ACID (IN MO.) EXCTIETED AFTER INUNCTION ‘WITH 2 GlI. OF METHYL- 
alictlate Contained in 10 Git. of an Oint-menw Consisting of Anhydrous Lanoun SO 
Pep. Cent and Methyls alicyiate 20 Per Cent 


Name 

ilG. OF SALICYLIC 

1 AaD EXerXTED 

DEHsATION 

FROM .VVEPACE 

A'OLUilE OF URINE 

IN 12 HOUF.S 

de (Jruz 

Com 

Schaffner 

Boettger 

Darbv 

■17.2 

50.5 

50.3 

40.-i 

19.8 

5.6 

8.9 

8.7 

1.2 

21.8 

770 C.C. 

700 c.c. 

295 c.c. 

410 C.C. 

200 c.c. 

-Average : 

41.0 

9.3* 

- __ 

A\eraee positive deviation: 7.7. 

Avera&e negative deviation: 11.5. 




^ voided from the time of the inimction until the next momins was 
^0 e collected in a vessel proAuded for the purpose. At least two voidings were 
0 be made. The total urine so collected was measured, and 100 c.c. of It were 
for determining the salicylate content. Determination was made aeeordin«r 
he method of Thoburn and Hanzlik, as follows : 

in a ^nn phosphoric acid were boded 

an flask over a direct flame. The flask was connected with 

Ava« conducting steam through it and also Aiith a condenser Steam 

the dM^eT^ d^t T ^stillation was continued until a few drops of 

istiUate failed to give a pink color reaction Avhen 1 or 9 drons nf imr, ^ 

|um sulfate added. When the contents of the s 

process of distillation, Avere almost exhausted, or when thev foamed an 1 ^ 

to fog, Avater was added and the distillation Continued tmHl the dtn 

free from salicylate. distillate proved 

Iron ammonium sulfate was added to the distillate nntP ii. • i . 
die reaction could no longer be intensified bv further addition f 

Salicylic acid was then determined colorimeiricallA bv chteSne 

• ' oheekung against a stand- 
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Tadi.k it. 


Amount of Saiacyi-ic Acid Kxcdktkd (in mo.) Ai-tkii Inunction With 2 Gm. of MUTiivir 

KAIJCYl.ATF, CONTAINF.D IN 10 Gm. OF AN OlNTMKNT CoN.SISTINO OF .\NJ!VDi:OU.S LaNOUN (IO 

rEii Cent, Menthou 20 Pun Cent. MCTiivi.SAi.icYi.A'rr, 20 Pr,i: Cent 


XAMH 

Mc. or KAi.icvr.ic | 
A on nxrrxTKn ! 

UKVIATIOK 

nutM 

VOI.U.ME OF UP.INE 

IN 12 nouns 

Gould ill 

•lli.O 

12.1 

5S0 e.e. 

.Tiller 

92,(i 


•tso c.c. 

KonnioA’ 

70.7 

35.1) 

51-1 c.c. 

Griiliam 

1 01.0 

.5.0 

:i:!i c.c. 

Gan 

I 72.5 

17.-1 

-l-bS c.c. 

.SiiA'dcr 

7-1 ..S 

10.7 

01:1 C.C. 

.Turcivicz 

.IS.S 

10.:! 

•110 c.c. 

if innick 

•10.0 

G.l 

• 12 s c.c. 

.Tablon.ski 

00.5 

.'15.-1 

1155 c.c. 

Bigbv 

•lO.I) 

11.5 j 

.S50 c.c. 

Lyons 

5-1 ..'I 

0,.S 

5S5 c.c. 

Ciiomvcr. 


11.1 

500 c.c. 

Xoclv 

-i:!.,s 

11..'! 

.SOO c.c. 

Fcdullo 

lO.S 

;!.s.:i 

250 c.c. 

Ingcrsoll 

10.5 

.'IS.O 

1050 c.c. 

Gleason 

•10.0 

0.1 

-ISO c.c. 

Griflin 

7S.-I 

2 :!.:: 

700 c.c. 

Fritz 

101.1 

- 10.0 

805 c.c. 

Eimi.s 

2S.(; 

20.5 

.HO c.c. 

Vainuta 

.'M.O 

21.1 

! -MO c.c. 

Zavdon 

•iri.o 

12.1 

.SOO c.c. 

Murtueei 

(!(!.:! 

11.2 

050 c.c. 

.Average: 

55.1 

10.5' 



•Avenigo Dositivo dcvisitlon : 23.0. 
Avcr.TKO nc'Entivo ilcvinUon: IC.C. 


Taiiw; in 


Amount of Sai.tcat.ic Aan (in mo.) Exciicted .\itfj; Inunction AVith 2 Om. of Mctiiyi.- 
s.uACYE.\TE Contained in 10 G.m. of an Ointment Con.si.stino of Sdeciai, An.sor.nAui.i; Ba.se 
(See Tuxt) 00 Pei: Cent, Mentiioi, 20 J’eu Cent. .Metiiyi.sai.icyiatf. 20 Pee Cent 


XAME 

MC. OK SAIJCVUC 

DKVIATIO.V 

VOI.U.ME OF UlllNE 

AriD 

riiOM AVniACK 

IN 12 nouns 

Muncliak 

21.0 

20.5 

550 c.c. 

Clicpko 

0-1.1 

40.0 

•107 c.c. 

Carnev 

20.1 

18.4 

715 c.c. 

Calvanc.so 

55.2 

7,7 

400 c.c. 

Balias 

5-1.4 

0.0 

514 c.c. 

Konopka 

37.0 

0.0 

500 c.c. 

Wolf 

24.5 


30S c.c. 

Jlo/.ola 

27.4 

20.1 

740 c.c. 

AA’nslev 

57.1 

0.0 

030 c.c. 

Wither.‘;poon 


1.2 

755 c.c. 

0 ’Bricn 

30.0 

17.5 

370 c.c. 

Turner 

41.0 

5.0 

035 c.c. 

Jtontalvo-CarroII 

55,7 

S.2 

1105 c.c. 

SuFSmau 

07.3 

•lO.S 

450 c.c. 

AA'oclfol 


0.5 

-184 c.c. 

Average : 

47.5 

17.2'* 


•Average po.sltiv 

c deviation: 21.5. 



Average neK^ll^^ 

-0 deviation: 1-1.3. 




ard solution containing 0.115 Gm. of sodium salicylate per liter; 1 c.c. of this 
standard solution corresponds to 0.1 mg. salicylic acid; enough iron ammonium 
sulfate Avas added to give tlic maximal pink color (Avliich remains constant for 

a Aveek). 

The quantity of salicylic acid in the 100 c.c. sample ivas thus determined and, 
from it, the total' quantity of the acid excreted in the urine after inunction Avith an 
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omtuu'iit contuinini: 2 (iin, of inotliylsnlifylntc. Tlio irsulls olit.'iined arc listed 
in the tables slinivn. 

iNi'iirrxci; or vi:nun>i« 

The vehicle used to present the salicylate to the intofxument appeared to be of 
no influence upon the amount excreted in the urine. For confirmation of this 
finding a nuniher of inunctions with tlie different bases were made on the same 
individuals; again the vehicles a})i>earod to he without sicnirieant influence (cf. 
Table IV). When anhydrous lanolin constituted the vehicle, average excretion 
'vas 101.3 mg. of salicylic, acid; with the ahsorhahlc base, 103.1 mg. were ex- 
creted; in both instaiiees ineiitliol (20 jicr cent) had been added to the ointment, 
^^itliin the limits of experimental error, these figures (amounts excreted) are 
obviously identical. 

It is interesting to note hero that the omi.ssion of menthol, when the oint- 
nieiit pro.sented mcthylsaiicylatc alone in anhydinns lanolin, resulted in a con- 
siderably smaller amount of salicylic acid excreted, an average of 6-1.6 mg. 
Apparently the addition of menthol promotes greater absorption, hence sreater 
excretion. 

On the whole, all averages in this comparative series of inunctions (made 
on the same individuals) were higher, l)ccau.sc a selected gi'onp of snh.iects was 
nsed, men who had shown hotter cutaneous absorption than the average. Dai’k- 

eomplexioned individuals apparently have a higher absorption ability than the 
blonds. 

The data of ni-inary excretion after oral administration of acetylsalievlie 
acid are presented in Table Y. 


COXCLU.SIOX 

Tables I to YI show that the following quantities of salievlie acid were 
excreted ; 


From Iminciion 

Tables I, II, III 

Selected Group 



Table lY 

(a) without menthol 

mg. 

mg. 

in lanolin 
(b) with menthol 

41.6 

64.6 

in lanolin 

(c) vith menthol in 

55.1 

101.3 

absorbable base 

47.5 

103 1 

Average 

From Oral Ingestion 

48.1 

-1-UO. J. 

89.7 

aeetylsalicylic 
acid, Table Y ; 

65.8 mg. 



It is evident that excretion of salicylate after oral admJnicf,, *• 
sa cylic acid (average 65.8 mg.) is on the same level as that f ^ acetyl- 

apphed methylsalicylate (averanes 4S.1 to 89 7 m.. ) cutaneously 

tually fte same, it is only logical that absorption iuto the 
systemic influence exerted also must have been the sam. 

same. The conclusion an- 
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Taih.b IV 


Kxc'kktio.n- of AfETnYi.sAMCvr.ATr. jx Ukin'e AtTEi: ixi'xn’ioK AViTir 2 Gm. or Tins 
Saeu'YIiAte Contaiseh in 10 Gm. of Ointments With Tihiee Hiffeeent 

VeIIICEEK in EU'.IIT SEEKOTEK iNniVlDt’AI.S 


NAME 

I.ANOI.IN 

Dfn'JATIOX 

1 vnoM 

j AVKIIAIJK 

: lANous* 

' ri.rs 20 

1 I'Ki: (TNT 
MKNTHOl. 

liEVI.tTION 

FROM 

AVERAtiE 

AnSOUTTION 
I*AKK rM\S 

20 rr.n ckst 

MKNTIIOI/ 

deviation 

FRO.M 

.vvEiatJE 

de Cruz 

114.0 mg. 

1 ‘19.4 

150.4 mg. 


90.0 mg. 


Wolf 

1 10.5 mg. 

1 75.9 

99.8 mg. 


127.0 mg. 


Weiss 

70.2 mg. 


53,8 mg. 


125.0 mg. i 

21.0 

Rubin 

.35.8 mg. 


•1.3.7 mg. 


•M.S mg. 

58.3 

Uzman 

.82.2 mg. 

17.0 

98.8 mg. 


20il.l mg. 


Bavis 

4.1 mg. 

(U),;j 

138.0 mg. 

:io.7 

101.3 mg. 

01.2 

Lapinsolin 

35.7 mg. 

28.9 

4S.0 mg. 

53.3 

21.7 mg. 

81.1 

Baddour 

28.0 mg. 

30.0 

178.0 mg. 

70.7 

50.8 mg. 


Average ; 

04.0 mg. 



]|BG3S£SB 

103.1 mg. 



•AvoifiKo positive (Icvlntlon ; 38. G. 
Avernpe nopntive devintlon: .18.7. 


••Averape positive deviation; Til.l. 

Averape nepatlvc deviation; 32..'i. 
•••.■Vver;ipe positive deviation; .13.1. 
Averape ncpatlve deviation; .'>1.1. 


Taih.E V 


Amount of S.MdCYi.ic Acin (in mo.) ExtiurrEP Aiteu Oeai, Inoi-stion of 0.r> Gm. of 

Auirrv.SAi.iOYi.ir A<tp 


na.mf. 


Brzoza 

UrobjTi 

Eorio-Siuircz 

^lalccl 

Lee 

Aliisser 

Eo.vd 

Schlossmann 

Grotli 

Gainliescia 

Eozanshi 

Goldstein 

Prunetti 

Torres-Olivcr 

Alicliailc 

Shuftleworth 

Raffa 

Soucler 

Boyer 

Blood 

Eckrotli 

llavis 

Brewery 

Guito 

Berry 

Esgro 

Castagna 

IVitman 

Pigozzi 

Kane 

Lecdom 

Elinkman 

Galamaga 


Average: 


MU.Ell'.UAMS OF 
SAI.ICYI.IC ACII) 
EXCltKTF.D 


05.8 

5.1.7 

97.0 

72.0 

5.1.0 

or 

iiii!i 

O 

TUT 

07.5 
•15.0 

IM.O 

79.7 
50.3 

128.1 

.50.0 

54.5 

29.0 

44.0 
120.4 

49.1 

58.8 

32.9 

50.9 
93.7 

45.0 

00.0 

50.2 

05.0 

37.5 

90.5 

46.2 

20.3 


05.8 


OEVIATlON FF.OM 
AVF.UAOF. 


0.0 

12.1 

31.8 

0.2 
^ o .> 

40.0 
07. i5 
33.() 

5.9 

1.7 

20.8 

48.2 
13.9 

9.5 

02.3 

9.8 

1.5.7 

30.8 

21.8 

54.0 

10.7 
7.0 

32.9 

14.9 

27.9 

17.8 

5.2 

14.4 

2.2 
2S..3 
24.7 

19.0 

39.5 


23.0* 


Yoi.r.Mi: OF uniNK 
IN 12 HOURS 


940 c.e. 
350 c.e. 
390 c.c. 
390 e.c. 
550 c.c. 
700 c.c. 
.3.37 c.c. 
.350 c.c. 
000 c.c. 
2500 c.c. 
755 c.c. 
1850 c.c. 
475 e.c. 
700 c.c. 
940 e.c. 
1002 c.c. 
957 c.c. 
570 c.e. 
1000 e.c. 
507 e.c. 
0,30 c.c. 
1200 c.c. 
888 
.375 
422 
2000 
000 
750 
500 
750 


c.c. 

c.c. 

c.e. 

c.c. 

c.c. 

c.c, 

c.c, 

c.c. 


875 c.c. 
700 c.c. 
750 c.e. 


•Average positive deviation ; 
Average negative deviation : 


27.1. 

20 . 0 . 
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Tahi.k VI 


Is A Fiav Casks, MCTUYi.sAi.invi.ATV'. Gm. is a Cm’SYI.v.) Was iy)MisiSTK.UKO Oc.aua' 
ASD TiiF. Kxci’.ktion Kti'hiki). As tiik I'oi.i.'iwint, Fica'nr.s Snow, tiik Samcylatk F,xci:f 7 rios 
WAS Arrr.oxiMATK.i.Y at tiik. Samk. JjKat.i. as Aktki: Okai.ia' Isokstp;!) Acctyt-samcvuc Acid. 


NAMK 

MC. OK .SAl.irVl.lC 

ACID r.xruirrr.i) 

PKVIATIOS' rr.OM 
aVki:a(;f; 

VOI.U.Mr. OF UKIN'F. 

IN' 12 IIK-S. 

Mason 

lUS.f. 


iisn o.c. 

Ganibono 

■la.n 


500 c.c. 

Davis 

.■)S.S 


1200 c.c. 

Tiiomas 

152.4 

5f..S 

1270 c.c. 

Averape; 

il5.(i 

45.1* 



•-VveraKe poslllve ili;vlatlon; U.ri. 
.VvcvaRi^ nOKaUve AovIaHoD •. ATi.'i. 


/IntipyrctiC Effect of ^ethy Isality/ate l7>unctior) 



IQt* 



loit 


30 


/ 




/20 

Ji 


/ro 

j 


^inuffS 




,1. — In each of these two sets of experiments two rahhito .. 

rose^^io'fi^*’ of cocaine hydrochloride, whereupon the rectal'^tpm'”nil’ were in- 

slowly returning to normal as indicated. .After the gradually 

dro^D^if ointment to the ear of one of the animals, however nfV C® P®'’ 

♦ temperature was seen. This drop mav be the reenu graph, a prompt 

saliS-ioJ^ <<3isturbed) heat center, since" we have shn^ action of methvl- 

through the skin, or It may be due to ^ amounts of this 
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pears justified, therefore, that an adcfiuate inunction of nicthylsalicylate oint- 
ments, of the types descri])cd, must be considered inleiaial medication. 

ANTiryUKTIC AND 

VASOI>It,ATIN« KITKCT OK JIKTJiynSAlACVnATK 

In order to test whether methylsalieylate upon cutaneous apjdication exerts 
a systemic inthience, its antipyretic effect was investi|:ated. Kahbits were in- 
jected with cocaine in a quantity of 20 nifi. ])cr kilogram of body weight. 
^N’^itliin two liours, the temperature of Die injected animals gradually rose from 
approximately 103° F. to a])])roximately 106° F., then .slowly returned to nor- 
mal. 'NVhen methylsalieylate ointment was rubbed into the ears of tlu; animals, 
the temperature dro]i]iod pronqfily (see Figs. 1 and 2). This effect may, of 
coin-se, have been merely the result of the vasodil.-ition ju-odueed loe.ally hy 
methylsalieylate, which is a counterirritant. 

af=ril <?, 


increased Permeahility fo Light oF Rabbit Ear 
after Methylsahcylctte as recorded photo e/ectrica//y 



£0 


•>(7 


Inn 


2D 


¥0 


Zhn 


20 




5lr. JIC 


ffhr; 


Fig* 2 .~ 7 Thc ‘ from local applicallon of mcUiylsallcylatc on the rabbit’s 

ear was studied car was held in a frame close to a photoelectric cell 

(RCA high vacu- . rhe light from a small 3 voU bulb, fed by a 2.5 volt 

batterv was allowed to fall on the rabbits ear; some of it passed through the translucent 
tissue and elicited a feeble photoelectric current of tlie phototube, the voltage of which was 
recorded continuously on a Leeds and Northrop “Micromax Recorder." The uccompanvlng 
irraph is a twofold niasniflcation of tlie record tlius obtained. 

At Oio point indicated on the praph, tlie rabbit's oar was rubbed pently witli two drops 
of methylsalieylate. whereupon the pliotoelcctric current decreased due to the preater opaque- 
nes.s from liyperemia throupb irritation by the methylsalieylate. Jlcrc meclianical rubbinp wltli- 
out a drug had no such effect. (Performed by Jlr. George CallC.) 


This well-ludown property of the drug was again demonstrated hy the in- 
creased ability of a rahhil’s ear, after inunction, to transmit light, as measured 
photoeleetrieally (see Fig. 2). 

SUMMARY 

The absorption and excretion of eutaneously applied methylsalieylate was 
tested in S3 individuals on whom a total of 103 inunctions were made. 
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Findings avoi’c nomiinrod with tiiosc dorivod from the oral administration 
of acetylsalirylic acid. 

Similarity of the derived figures (averages) .iustifies the conclusion that 
niethylsalieylate upon cutaneous ajiplieation exerts not only its long-established 
conntovirritant intluenee. (vasodilatation, deeongestion, induction of active hyper- 
emia), hut also a systemic action which perforce must he analgesic, antipyretic, 
mid antirheumatie, since these iirojierties arc common to the salicylates upon 
ahsorption. 
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SYSTEMIC ^UjLERGIC REACTION INDUCED BY YELLOW FEVER 

VACCINE 


Harry Swartz, M.D.*' 


^HIS is the record of a case of severe constitutional reaction to the single 
immunization injection of yelloAV fever vaccine. It is not the purpose of 
die AtTiter to detract in the least from the established value of this most 
efficacious prophylactic agent. In an exhaustive rexiew of the literature, not a 
single similar case was discovered. When it is considered that upward of sev- 
eral million immunizing injections of yellow fever vaccine have been given to 
date, the rarity of the case repoi-ted below is obvious. It is undoubtedly' true 
fhat manj^ such reactions of much less severity have been seen and hax-e "■one 
unrecognized or have been recognized and considered of no importance be- 
cause of their mildness. 

Three cases resembling the AA-riter’s in minor aspects have been reported 
oy Sulzberger and Asher." These were cases of urticaria and ery-thema multi- 
orme-like eniptions appearing thirty-six or more hours after yelloAv fever vac- 
cine injections. Accompanyng the sMn manifestations A^ere arthral^das 
malaise, fever, pruritus, nausea, and vomiting. As the authors state the entfr-A 

sj^ptom complex simulated serum sickness rather than the immediate consti 
tutional reaction of atopy. consu- 

lt is the intention of the AA-riter to point out bv 
Wins, genenaUy, the conetitntion o£ the material injected and of The pSew 


•Lieutenant, Medical Corps, U-S.A- 
Received for publication, March 30 , 1943, 
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liKI’OUT J)l' CASK 

A 27-yciir-ol{l white iimlo was admitfoil to tlie Iinsjiital on Octoher lo, 1!i{2, for 
observation. Aljoiit one month lieforo adini.ssion, lie received a siiiele injection of cholera 
vaccine and one of yellow fever vaccine. I.ess than five ininnfes after these injections, while 
m.aking his way out of the clinic, he became acutely ill. His vision blurred; his breathing 
became labored and extremely diHicult; nausea, vomiting, diarrhea followeil and geiieralir.ed 
edcni.'i of the i-hiii upon which iipi>eiirei} large, r«i.«ed, pniritlr, erythematous wheals. The 
dy.spnea increased in severity, and in a short time he lost ennsi-ionsness. 

sVfter repeated subcutanc'ous injections of epinephrine, the jiatient regaiiusl con- 
sciousness. He was then hospitalized; the severe dys])nea, angioneurotic edema, urticaria, 
and the gastrointestinal symiitoms continued. Epinejihrine subcutuiienusly and ephedrine 
sulfate orally were maintained in ilecreasing frcipieney for the next six days, at which 
time all symptoms disappeared. He was then discharged from the hos]iitul. 

Two d.nys hiter, while engaged in strenuous physical activity, he exjierienced a severe 
))aroxysm of dyspnea which lasted two hours. In milder form, it continued for two weeks 
accompanied by nocturnal wheezy respiration. He was again hospitalized for four tlay.s 
during which time bronchial symiitoms persisted. In addition, a mihl generalized urticaria, 
bullous in character, was noticed. .Symptoms subsided ami he was transferred to this 
hospital. 

The past history of this patient is of special significance. At the age of four, ho 
contracted the “flux,” during which illness he wa.s fed large quantities of egg and egg white. 
From that time on, ho was unable to eat eggs. His inability was initiated not only by 
a marked aversion for them, but also by the knowledge that ingestion of the smallest 
fraction of an egg or egg-containing food would preci]iitale severe asthmatic paroxysms. 
Those ptiroxy.sms, ho noticed, would al.«o apjiear on close conttict witli feathers, e.g., 
sleeping on n feather pillow or working in the chicken coops on the farm where he lived. 
In addition to asthma, eggs in any form and in the minutest (piantity produced nausea, 
vomiting, diarrhea, swelling of the face, arms, legs, and generalized itchy wheals. As he grew 
older, other foods produced the same variety of symptoms in somenhnt le.sser degree. 
Those ho was definitely able to indict were chicken, pork, chocolate, ami peanut. He also 
noticed that the asthma which had become an almost constant but mild characteristic of 
his life was most marked during the fall and winter seasons. (His home was in Ten- 
nessee.) About si.x years ago, the attacks decreased in frcipieucy and severitv, apjioar- 
ing only at long intervals. 

Five years ago, he received a single injection of a vaccine as protection against “flu.” 
A few minutes later, an episode similar to the one de.scribed above followed. It was treated 
with epinephrine and subsided in several hours. The nature of the vaccine could not iic 
determined. 

The family history was essentially negative e.xcept for his father who had had asthma 
sinco childhood. 

Physical examination on October bo, 10-12, revealed a well-developed, white male, sixty- 
nine inches tall, weighing one hundred and sixty-five pounds with no significant abnormal 
phj\sic.al signs. The blood picture and clieinistry, urinaly.si.s, .serology showed no abnormalitie.s. 
The EKG was normal. X-ray of the sinuses showed clouding of the left frontal; others wore 
normal. X-ray of the lungs and chest wall showed no .abnormalities. 

The allcrgj' investigation, which was as exhaustive ns facilities permitted, revealed 
interesting fmding.s. Xo precise laboratory investigations were instituted so that tlio 
specific modified responsible allergen could not be determined; however, intradormal tests, 
direct and indirect (passive transfer), and clinical tests wore made. All of these pointed 
incontrovcrtibly to a single solution of the problem; wliat was tlie agent that produced the 
severe constitutional reaction in tliis patient? The writer deems it best for clarity to 
develop these investigations apart from the body of the case report. 

The histor.v of this patient, which immeclialely laheliecl him an atopie 
individual with a mnltivalent sensitivity inclnding a pevsistent, marked egg 
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and pliinkon soiisitivity. juvscntoil an almost immediate theoretical answer to 
the severe, near-fatal eonKtit\itional reaction followinjx in.iection of the two 
vacehics. Yellow fever vaccine was nrei)ared hy inoeulatin.tr og.us inevthated 
seven to eleven days witli the IT-D strain of attcmialcd yellow fever virus 
developed hy Theiler and Smith. M’his was followed hy three more days of 
incubation, at which time the still-livin*! embryos were ascptieally x-emoved from 
their shells, whatever albumin attached to the cmbiwo not bein" disturbed. 
They were rrronnd to a fine pulp in blendei’s cooled with drj- ice, diluted VAutb 
normal Inmiaii serum or distilled water, ecntrifu.crcd for thirty to sixty minutes 
in an anslc centrifuere at about tl.500 revolutions per minute to remove tissue 
debris. The supernatant extract constitute*! the vaccine. This was evaporated 
nt a low temperature, standardized, and kept at 4° C. 'When needed it was 
dissolved in ten A-olun\es of sterile distilled water and given immediately in 
0-5 c.c. doses subcutanconsly.'’ ^ 

The patient was tested intradennally to more than one hundred allergens, 
^fnny inhalant and ingestaxit skin sensitivities were found. Especially marked 
reactions were obtained to egg wiiitc, chicken meat, and yellow fever vaccine 
undiluted (four plus). Yellow fever vaccine diluted 1:10 produced a two 
plus reaction. Cholera vaccine wa.s negative at the end of ton minutes, tAventy- 
four hour.s, and forty-ei.ght horn's. Thus fat, proof had been obtained of 
speoific .skin sensitivity which confirmed his histoi’A' of atopy. Because cholera 
'aceine gave a negative .skin reaction both immediate and delayed and beeanse 
jellow fcA'er A'aceine undiluted and diluted 1:10 gave positiA-e skin reactions 
of the immediate A-ariety, it A\'as established that: (1) cholera A-accine was in 
uo way inA'olved in the constitutional reaction that eventually brought the 
patient to this hospital, and (2) yelloAv fcA'cr vaccine AA-as undoubtedly the 
instigating agent. 

Clinical tests AA'ith the patient's permission both AA'ith and Avithout bis 
raiOAvledge (the latter to imle out psycliogenesis of resulting symptoms) were 
performed under close supeiwision. Both egg and chicken meat were used 
Sjmiptoms Avere reproduced more marked to egg than to chicken meat, mild in 
degree, controlled AA’ith epinephrine. 


Clinical sensitiA’ity having been estal)li.shed, it remained only to determine 
which fraction of the yelloAv fever vaccine Avas responsible for initiation of 
symptoms, the Aims fraction or the eiUture medium fraction. In order to do 
this, several c.c. of the patient's scrum Avere prepared for passive transfer 
he volunteer suh.ieet was te.sted intradermally Avith the full complement of 
ahergens (more than one hundred), and Avas found negatu’e to all. Twenty 
on the SAibject's arm Avere sensitized, each Avith one-tenth e e of tliP 
patient’s serum. Forty-eight hours later, these sites were tested Avith twenty 
ffeient allergens. At twenty-fonr-hour intervals, the sites AA-ere tested AAitP 
different series of tAventy allergens, until all of those Avhieh had Timi 
positive reactions on the patient's skin Avore tested in 'this manner 
these gave positive reactions on the sensitized sites to lesser ot 

transferred four plus; chicken meat tAvo plus: yellow W yaeefn?"''!-!^/! 
t'Ao plus; yelloAv fever vaccine 1:10 one plus. All of these reaeti ™diluted 
were of the immediate variety. This demonstrated the eH , f 
existed in the serum of the patient (nowt^?^,lt fr^J 
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reaglns for egg, chicken meat, and yellow fever vaccine. Since a virus is not 
known to be reaginogcnic nor is it known to produce skin reactions of the 
immediate variety, the obvious deduelioxx follows that it was the culture medimn 
fraction of yellow fever vaccine that called forth rcaginogonosis. 

It Avas now left to relate this fraction constitutionally and rcaginogenically 
to either egg white, chicken meat, or both. Three widely .sejjnrated transfer 
sites were chosen. These were exhausted of egg reagin by successive reinjection 
with egg extract until no reaction was obtained. These sites were then tested 
Avith cliicken meat c.xtract, A positive reaction was obtained. When this had 
disappeared and an hour had boon allowed to elajise. these .same site.s were tested 
with yellow fever vaccine undiluted. A slight reaction, loss than one plus, 
i-esulted. 

Three different .site.s were then chosen, again Avidely separated. Tlie.se 
AA-ere exhausted of chicken moat reagin in the same manner as above. Tiie sites 
AA’cre then tested AA'ith egg extract; a four plus reaction resulted. When the 
reaction had .subsided, an hour AA-as alloAA’cd to elapse and tiic same sites Avere 
tested Avith yclloAv fcA'cr vaccine undiluted. PositiA-c reactions resulted only 
.slightly less marked than the reactions in the siti's Avhcrc neither egg nor chicken 
meat reagin had been exhausted. 

This is conclusive evidence that the rcaginic fraction of yclknv fever vaccine 
is related both to egg Avhite and chicken meat structurally and reaginogenically ; 
that it more closely resembles egg Avhitc than it does chicken meat. It is knoAvn 
that, from the point of vioAV of both clinical and .skin sensitivity, egg Avhitc and 
chicken meat are totally unrelated. In the cmbiyonic development of the 
chick from the egg, a mutation and dillcrontiation of egg ])rotein take place. 
It is conceivable that the rcaginic fraction of yclloAv fcA’or \-accino (chick 
embiwo culture) repre.scnts a stage in this mutation and therefore by test 
i-CA'cals a kinship to both egg AA'hite and chicken meat, albeit the relationship 
is closer AAith egg Avhite. 

Berger and Hargett, Avorking on the problem of ana]ihylaxis in guinea 
pigs foIloAAing sensitization Avith chick embryo yelloAv fever vaccine and normal 
chick embiyo, state, “Chick embiyo protein derived from embryos of different 
ages possesses the poAver to produce anaphylactic sensitization in young guinea 

pigs in direct ratio to the age of the embryos employed “ If one AA'erc to 

ti’anspose this Avork in the laboratory to the clinical and investigative observa- 
tions made in this case, the variance AA'ould be seen immediately. According to 
the above authois, the rcaginic fraction of yclloAv fever vaccine should be more 
closely related to chicken meat than to egg Avhite. This cannot be borne out 
by the Avriter’s findings. 

COSISfENT 

The presentation of this case of an egg-chicken meat sensitive atopic indi- 
vidual Avho experienced a severe constitutional reaction immediately folloAving 
injection of yelloAV fever vaccine is made to point out the necessity of ImoAving 
something of the constitution of the immunizing injection and the subject to 
Avhom it is to be given. This emphasizes, by example, the instructions given 
medical offieei-s of the army relative to questioning the subject about allergic 
history before administering a vaccine. It is not meant to detract in the least 
from the justified use of this prophylactic agent. 
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Kvidcnco is ofiVvod in iiroof of tin- ron-inicity of yellow fever vaccine 
culture incdium and of its clo'^i' relationship to ef:,<r white and chicken meat, 

more marked to eiig white. . 

It is siuj-estcd that marked sensitivity hy history or skin test to egg, chicken 
meat, or hotli, and/or hy skin test to yellow fever vaccine is an indication to 
give the vaccine carefully, in divided do.ses witii epinciihrinc at hand in the 
event a constitutional reaction occurs. 
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the PHAIEMACOLOGY of two WATER-SOLUBLE VITAMIN K-LIKE 

SUBSTANCES^ 


•Tajies J. Smith, ^I.S., M.D.. A. C. Ivy. Ph.D., M.D., and 
R. H. K. Foster, Ph.D.. IM.D., Chicago, Ibl. 


T he object of this stuclv was to test the vitamin K activitj , general pharma- 
cologj-, and toxicity of 2-methyl-l,4-naphthohydrociuiuone diphosphorie acid 
ester tetrasodium salt 6H„0 (N-l23)t and 2-methyl-l,4-naphthohydi-oqTiinone 
sodium bisulfite complex (IMNSS).! A preliminary' report of this work was 
presented at the Chicago meeting of The Federation of American Societies for 
Experimental Biology' and Medicine, 1941.^ Experiments reported here were 
carried ont in the laboratories of Northwestern University' and Hofiemann- 
La Roche and the separate results ai’e designated NU and HLR, respectively. 
This distinction is made on account of the slightly vary'ing methods and re- 
sults of the two laboratories. 


I. AHTAMIN K ACTIVITT 

Tests were made on hyiioprotbrombinemic rats by .(a) “Petrolagar” diet;^ 
(b) Bile duct obstruction after a preliminary' depletion with a diet of low 
vitamin K content.^’ ^ After depletion, the prothrombin deficient rats were 
treated with subcutaneous injections of N-123 and iMNSS. 


METHODS 


Prod'itction of Deficiency (^TJ)- — Peirolagar diet . — ^Ninety stock rate weigh- 
ing from 110 to 230 Gm. were placed on a diet consisting of 70 per cent 


^ •From the Departments of Physiolo^', Xorth western XJniversitv Medical School 
and the Scientific Berartment, Hofimann-I^ Roche, Inc., Xutley. xl acnooi, Chicago, 


Received for publication. March 30. 1943. 
tSynka>wite, HofTmann-La Roche, Inc. 
♦Hykinonc, Abbott Laboratories, Inc. This 
the “3-Fodlum sulfonate originally reported." 


substance is an addition product rather than 
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powdered Purina Dog Clioclvcrs and 30 per cent Pctrolagar. Significant liypo- 
prothroinbincniia® developed in 2^1 ])or coni of surviving rals in 8 lo 96 days as 
shown b.y the Quick pi-olhroinbin lime jnethod.'"' TJiirty-two of lliese rats died 
in tlie course of an epideinie of infectious middle car disease, whieli swept the 
colony 30 days after beginning llie diet. Thirty-five additioinil rats were then 
placed on the diet for a shorter j)eriod; of these approximately 60 per cent 
showed a prolongation of jn-othrombin time to double or more the orifrinal value 
mtbin 38 days. Biliary ohstfrudion: Forty rats were placed on a diet low in 
vitamin K'‘ for periods ranging from 32 to -ll days. In 32 of these the common 
bile duet Avas doubly ligated and cut under etliei' anesthc-sia. Of 23 rats sur- 
viving repealed cardiac jnincture and biliary obstruction, 9 or 39 per cent 
shoAved a marked hypoprothrombincmia 3 to 10 days folloAving ligation of the 
common bile duct. During the dietary period there Avere no significant changes 
in prothrombin time.s. 

Produdion] of Dcfiricncy (IILB). — Oil inul Oil-Aytir Dirts.- — Petrolagar 
and later Afkol (a similar j)ro])aralion) Avere u.sed. mixing 30 per ceJif in 
poAvdered Purina Dog CIioav. Also, 20 ])cr cent mincrai oil in tiie I’urina food 
was used since it kept better iind did not mold. .Since only a fcAV rats developed 
significant hypoprothrombincmia, the diet method Avas abandoned. Biliary oh- 
sirndion: The bile duct Avas doubly ligated and sectioned. Pats previously 
on the oil or oil-agar and Purina diet for tAvo months oi- longer developed pro- 
thrombin deficiency in 8 or 10 days. Rats placed on the diet only after opera- 
tion required 2 to 3 Aveeks to develo]) the deficiency. All animals Averc con- 
tinued on the diet postoperativcly. ScA-enty-tAvo rats Avere succc.ssfnlly operated. 
Of these, 28 died Avithiu 2 or 3 Aveeks though none Avilhin the fii-st day or so. 
Thirty-one deficient rats died folloAving cardiac juincture. 

Protliromhin Ddermination. — Under ether anc.stliesia 0.46 c.c. of blood Avas 
obtained by cardiac puncture (27 gage needle) and draAvn into 0.05 c.c. of 
sodium oxalate solution (1.34 ]>er cent) ; to this Avas added 0.5 c.c. physiologic 
.saline, and the specimen Avas centrifuged. The coagulation time of the plasma 
AA’as determined by a modified Quic'k method.'’- To 0.1 c.c. of oxalatcd j)iasma at 
38“^ C., 0.1 c.c. of thromboplastint (Quick-) was added and quickly thereafter 
0.1 c.c. of calcium chloride solution (0.27 per cent). Clotting time Av.ns noted 
AA-ith a stopAvatch and at least Iaa-o determinations Avere run on each sample. 

Mdliod of Treatment QVt'Q. — ^IVhcn the prothroml)in lime had increased 
significantlj-- (at least tAviee original A-alue) the animals Averc injected sub- 
cutaneously for tAvo days or more Avith 2 and 4 gamma doses of both compounds. 
Prothrombin time (PT) Avas determined daily. Control animals Avere injected 
AA-ith physiologic saline, and both substances Avere dissoh-ed in saline and in- 
jected in volumes of 0.5 or 1.0 c.c. 

Method of Treatment (HLR). — Depleted animals Avere injected Avith single 
doses ran"ing from % gamma to 2 gamma per rat. Prothrombin times AA-ere 
determined 18 to 20 hours later. Since the IILR. results are reported in terms 
of per cent prothrombin, a curve relating prothrombin time to per cent pro- 

Prothrombin time increased to twice or more tlio original level. 
tATTierican Pharmaceutical Co., Inc. 

ITiTo dried rabbit brain was placed in glass ampoules sealed under vacuum and ap- 
peared^ to keep indeflnltcly. 
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, , , -1 Uv nlnttiii" (liitii obtained from tests on serial dilu- 

thrombin was dctornuned In ]ilolini,_ Onifk''' 

tions of plasmas from five nonmd rats, follow, n,^ the metbod of Quick. 

I!l><ri.TS 

7?f9id/< (\V) Co}}lroh . — Tlie mean eont,-ol reading of protbiombin tim 

in ni O,:,,: nais "“d." ' 

22.9 seconds ±0.16 seeond (S. E. of mean) of ± •• seeom s . ^ n ;; nr 1 e c 
Table I shows the daily PT determinations of PI rats receiving .. 

TAI1I.F. I 

Daii.y lN.ir.cTios or Sacine 


RAT’ 

NO. 

PT** 

BKFOr.K 

DIKT 

ON 

THET 

D.\YR 

rosT* 

or. 

PT 

IlKKOnE 

IK.1. 

I'OI.l'ME 

ISM. 

ce. 

rr 

24 nns. 

AFTKK 

IRT INM. 

PT 

24 m:s. 

AFT EE 

2SD INM. 

PT 

24 IIKS. 
after 
3rd isj. 

PT 

24 HKS. 

AFTER 
4TII IXJ. 

P. 

p. 

20.7 

IS 4 

()1 

2S 


48.6 

41.4 

0.5 

0.5 

47.9 

42.0 

43.9 

54.0 

43.1 


P, 

P, 

p 

22.4 

17.5 
20.2 

IS 4 

38 

42 

42 


41.6 
53.2 

40.7 
42.0 

0.5 

0.5 

0.5 

1.0 

28.6 

47.7 

51.3 

52.0 

28.8 

37.4 

44.8 

47.3 

55.4 

63.9 

1 

2.^.0 

21.8 

20.6 

19.0 

24.3 

34 

4.5 

42 

92 

92 


59.6 

44.6 

39.8 

42.9 
49.2 

1.0 

0.5 

0.5 

1.0 

0.5 

67.8 (Died) 

39.2 

39.3 

33.8 

50.2 

35.7 

38.5 

23.4 

37.2 

40.2 

52.0 

44.6 


17.3 
21.6 

19.3 

44 

36 

43 

9 

24 

11 

48.0 

38.8 

51.6 

0.5 

0.5 

0.5 


90.0 

41.7 (Died) 

36.8 

74,2 

47.1 

\) 1 ,^ 

42.6 

Mean 20.4 

Standard error mear 

1 

45.72 

±1.67 


45.62 

±2.71 

43.03 

±4.82 

±5.06 



•P = Petrolagar rat ; B = Biie uuwa 

Vitamin K diet, not Petrolagar. 

••P = Prothrombin Time in seconds. 

injections of physiologic saline. It is seen that the PT shows rather marked 
variations from dav to day, and in three eases, rats B 3 , P 3 and Po the xnjecbon 
of saline was accompanied by a considerable reduction of the prothrombin time. 
Such remissions are thought to be fortuitous and perhaps explamable on daily 
variations in intestinal absorption. Also, small variations in the vitamin K 
absorbed are likely to produce magnified changes in prothrombin time when the 
blood prothrombin level is low, because of the steep slope of the prothrombin 
time/per cent prothrombin curve in this region. Statistical analysis, however, 
reveals no significant differences between the mean values for succe-ssive days 
in this control series. 

Treated. ^In Table II are listed the responses to daily subcutaneous in- 

jections of 4 gamma of N-123. The critical ratio (“Student’s” “t”) between 
PT before injection and 24 hours after the first injection is 5.0.3 and between 
PT before injection and 24 hours after the second injection is 6.-32, thus being 
in both instances highly significant (P -<0.0002). 

In Table II are shown the responses to subcutaneous injections of 4 gamma 
jMNSS. The critical ratio of the mean PT before injection and after injection 
is very high (over 6 ). The critical ratio between the mean value after the first 
injection and the mean after the second injection is 1.50 (or P = 0.15). so most 
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of the effect of vitamin K vas obtained in the first 21 iioiirs. Also in Talfie ]] 
is shown the response of tiie I’T to 2 jrannna doses of N-12;5 and ^rXfsS. re- 
spectively. 

Storage of YUaniin K in Ihr Jioihj (NU). — In the course of onr study. 35 
PT deteianinations were made on 32 rats at varion.s times after the deficiency 
had already been corrected with a series of injections. 'J'lic results are .shown 
in Table III. 

The results .show that, w.hen the lu'otbrombin time is brouf,dit nearly to 
normal, at 5 day.s after tlie la.st injection it is practically back to the de- 
ficient level. Tho.se animals received doses of the vitamin K jireparations total- 
ing 8 gamma in most eases. 

TAiti.r. ir 


Su.\nfAi:\' or IJk.soot.s (KU) o.v CoMv.\n\ri\T. Tiir.K.wr.irrif: VarrjT or N'-VJ.'l ano MX.SS 


NO . OF U\TS 

J*T 

IIEFOILK 

IT 

uKFom : 

I.VJ. 

I-T 24 UK. 

1 Arrr.K 

[ l.ST INM. 

IT . 24 IIK. 

ACT IT . 

2.'.'ll I . NM . 

IT . 24 UK . 
AiTiai 

3ki> isj. 


IIP,* .".B* 

14 nits 

20.4 

1 

1 45.72 

±1.07 

4 5.0,2 
±2.71 

43.03 
+ 1.82 

40.<i4 

±5.00 

XL', Saline (JontroB 

7P, GB 

13 rat? 

■ 

57.50 

±;:.02 

±0.21 

•» 1 »•»» 

• * 1 

±2.73 


XU, 4 gumma X-123 

8P, IB 

9 nits 

n 

50.73 

±3.9;; 

.•11.38 

±1.00 

2.8.45 

±1.12 

! 

XU, 4 gumma MXSS 

.IP, 2B 

7 rats 

19.4 

122.5S 

.':7.!>S’ 

+3.13 

±2.(V5 

3G.2 

XU, 2 gumma X-12.’l 

3P, 2B 

5 mt-s 

21.4 

mn 

43.42 

+.3.44 

■BSSM 

33.04 

Xl.!, 2 gamma MXSS 


•P = Pelrol.Tfrnr niO? : n = Bllo duct obstructed rrit. 


T.\nt.n It I 


Rr.xuux or HYPorr.oTnr.oMmsr.Mi.t Foi.i.nwiso Coitr. 


UAT NO. 

IT 

UEFOUE 

IiIKT 

IT 

BEFOUE 

INJ. 

IT I lUV* 
AlTKIl 

EAST INJ. 

HAYS 

AITEU EAST 
INJ. 

IT 

P.r 

20.9 

45.1- 

23.0 

o 

20.9 

P„ 

oo o 


20.9 

•> 

23.0 

P.= 

2G.3 


30.5 

3 

24.7 

B, 

2.3.9 


23.8 

»» 

31.3 

B. 

22.0 


28.4 

5 

48.4 

B, 

23.9 

41.9 

20.3 

o 

34.9 

B, 

17.3 

45.S 

20.4 

5 

48.0 

P-5 

21.2 

44.S 

27.3 

(> 

39.1 

Pr, 

17.2 

41.3 

31.5 

0 

59.1 

B, 

23.9 

5*'. 4 

23.8 

7 


B, 

23.9 

54.0 

29.2 

10 

40.2 

B, 

23.9 

41.9 

20.3 

10 

53.4 

B« 

22.0 

48.4 

35.7 

11 

42.5 

P-, 

17.2 

48.2 

27.1 

20 

34.2 

Mean 

• 21.9 

48.3 

27.3 




Results (HLB ). — ^The mean of 39 PT determinations on normal rats was 
218 seconds ±0.4 second (S.E. of mean). The standard deviation of a single 
observation was +2.5 seconds. These values check well with the NU values. 

Injections of N-123 and MNSS were made subcutaneously in deficient rats 
weighing 150 to 200 grams and PT tests made 18 to 20 hours later. The doses 
ranged from % to 2 gamma per rat. All deficient rats were markedly jaundiced 
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ami their jilasmas were yellow. The resnlls in terms of per cent prothrombin 
are shown in Table IV. With doses or *2 framma there Avas a tendency for the 
PT to return to a level below 21. S seconds; that is. the calrulatc/I per cent 
prothrombin beeaine hiirher than normal. This phenomenon docs not occur in 
ntamin Iv-treated normal animals, however. 

When the data are "rajihcd ( l*'i,'r. 1). it may be noted that Avith higher 
doses the tAvo curves ajiiiroaeh each other, but that in the loAver range there is 
greater diA-ergence. Doses have been estimated from the cuiwes AA'liich give 
specific effects and these are tabulated in Tabic V. In addition the relatiA-e 
potencies by Aveight and molecular Aveight arc given in the latter table. The 
data in this table demonstrate that on a molecular basis N-123 is 41 per cent 
more potent than ^IXSS although on a AA-cight basis it is 26 per cent less potent. 
The,se data indicate by indirect comparison that iMXSS and 2-methyl-l,4- 
naphthoquinone (INIeXQ) have about equal molecular poteneie.s, since Lee et ah,® 
2nd Almqnist and Klosc,’® respcctiA-cly, reported X’-123 to be 48 per cent and 
51 per cent more potent on a molecular basis than MeXQ. 


Table IV 

Effect of Varying Doses of N-12.> and MNSS on Vitamin K-DEnaENx Rats 


DOSE 


N-123 


MNSS 

g.\sima/rat 

X 

PER CENT rROTIir.OMBIN 

X 

PER CENT PROTHROMBIN 



BEFORE 

AFTER 


BEFORE 

AETEK 


5 



(1 

3S 



3 



2 

41 



5 



5 

39 



2 



3 

37 



T.able V 


Eelatiate Potencies op K-123 and AiEsSS in Correcting Vitamin K-Deficiency in Eats 


increase in 
prothrombin 
per cent level 


15 

20 

30 

40 

50 


COKRESPOXDIXG DOSES 

POTKXCY 

OF n-123 

(ESTIMaVTED FROJI FIG. 2) 

RELATIVE 

TO irxss 

IX GAAIMA 

c= 

1) 

n-123 

MXSS 

bt wt. 

BY MOL. AVT. 

0.33 

0.25 

0.77 

1.46 

0.39 

0.28 

0.69 

1.33 

0.55 

0.39 

0.71 

1.36 

0.85 

0.59 

0.70 

1.33 

1.34 

1.10 

0.82 

1.58 

1 Average 

0.74 

1.41 


On the Mechamsin of Vitamin K Action . — While it is now accepted that 
Yitamin K acts by stimulating the production of prothrombin in the liver the 
possibility suggested itself, especially earlier, that there might be a direct action 
m the blood. Particularly because of the greater molecular potency of X-19.3 

over all known Autamin K-like snbstances, it was deemed advisable to nerfm^ 
some tests in Autro. i->cixorm 

Deficient rats whose prothrombin times varied from +rv t 

used. Osalated ,vhol= blood aid o.aalated plas^r,™ ™ b^d ° f 
at 37- C. for % 6 hoars rdth amounts „t h^Jr'a “^fro 

to JO eamma per O.J c.c. Then the regular prothrombin “ V 

made. There ,vere no significant changes in the Prothrombin 
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plasma oi' avJidIc blood. Tin's ob.scrvafioii was coiifirnit'd, iisiny blood ji'Oin 
2 patienls with liypoprollirombiiicmia and jaundico. 


discussion 

These results indicate tliat both water-solnhle substances arc capable of 
eorrceting’ pi-othrombin deficiencies in rats at dose levels of 2 to 4 "■ainina per 
day. At these dose levels the results in the Noi'fhwestcrn University laboratory 
indicated no sifrnificant difference between the two coinj)ounds (Table 11). 
Since the ratio of their molecular weifrlits is .");10:27(), this would indicate that 
N-12.3 is about twice as potent as MNSS on a molecular basis; however, the 
data from the IIoffmann-La Roche laboratory indicated only 50 per cent greater 
potency by molecular weight. 

Since it has been c.stablishcd"' that the molecidar ratio of potency, 
N-123;]MeNQ is about 1.50, it follows from Table V that the molecular ratio of 
potency, I\INSS:NeNQ is 1.50:1.41 or 1.06. While this indirect eompartson 
is onlj’ an appro.ximation, it .sug-gc.sts that ilLYSS and illcXQ are probably of 
about equal potency on a Tiiolecular weight basi.s. 



pip. 1 . Do.fle-effcct curve.s for N-123 <•) .-ind AIKSS (X). Onlinnto roi)ic.‘ient.‘J tlie rl.«e In 

per cent prothrombin, not the actual per cent protlirombin. 

The above ratio, N-12.3 :MeNQ = 1.50, is ba.sed on chick assays (both oral 
feeding and subcutaneous injection). The activity of i\IeNQ on rats was studied 
by Flynn and Warner® who gave 2 gannna JIcNQ daily for two days to bile 
duct obstructed rats atid raised the prothrombin level from 10 to 82 per cent. 
While the indirect comparison.s of parallel results in different laboratories is 
perhaps equivocal, the Flynn and Warner result is roughly comparable to that 
of the 2 gamma dose of the two water-soluble substances in Table IV or to the 
4 gamma dose in Table II. Taking the latter as the least favorable of the two 
comparisons, the potency ratio for rats, N-123 :MeNQ, is still 1:2 by weight or 
about 1.54 by molecular weight. This remains to be verified by direct com- 
parison. 
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II. TOXK’OI.OfiY ANI> I'lIAUMACOr-OnV 

-Iri/^f Toj-inhj (\r).—Ai'\\W lethal doses Avcrc deteniiiticd by single donsal 
subcutaneous inject inns in albino rats. The animals weighed from 155 to 310 
Gill, aiul there were a few more female than male rats. The results are shown 
in Table VI. By plotting these data on logarithmic probability paper the 
LDoO’sAverc found to be 610 mg. /kg. for X'123 and 175 for !JIX.SS. The ratio, 
X-123 i^IXSS. of doses by weight is 3.48. but on a molecular basis (X'123 = 530 
and iIXSS = 276) the ratio of lethal doses is 1.82. 

In a previous communication by one of US'" the LDSO for X-123 Avas re- 
ported to be 450 mg./kg. in mice by subcutaneous administration and 675 
nig./kg. in chicks by the same route. 


Tabi.e VI 


To.kicity by SeiirrTAsr.oi's Inmection i.s TI.vts (XU) 


SUBSTAXCE 

IKISF. 

MO./KG. 

x 

PER CEN'T 

MORTALITY 

X-123 

1 450 

10 

20 

X-123 

550 

10 

30 

X-123 

fioO 

10 

60 

MXSS 

100 

10 

0 

MXSS 

150 

10 

40 

MXSS 

200 

10 

60 

lIXSS 

.300 

5 

100 


Sj-Jnptonis appearing in the rat Avere .similar for both drugs and con.si.sted 
ebiefiy in a depre.ssion of spontaneous actiA-ity and some increase in respiration. 
The depres-sion of activity was noted principally with doses of 550 and 650 
mg-Ag. for X-123, and Avith 150, 200 and 300 mg./kg. doses of IMXSS. SAunp- 
toms appeared 15 to 30 minutes after injection and continued for several hours 
after which there was a gradual recoA-exy or a progression to death. No con- 
ATilsions or hyperactiA’ity Avere seen at any time. Occasionally there was a 
femporarj' pare.sis of the muscles of one forefoot, e-specially when the injected 
material extended to the region of the pectoral girdle. These SA-mptoms were 
of the general order preA'iou-sly described by one of us® for other species, except 
that, particularly in rabbits, the depressive phase was preceded by some move- 
ment and agitation and apparent apprehension. These injections AA-ere intra- 
A'enous, howeA'er, and in one ease (rabbit 324) a couAruLsion ocenrred after 30 
minutes, the animal dying 5 minutes later. It is of interest that the conAuilsion 
occuired during prostration. 

With X-123, death occurred in rats in 12 to 70 houi's (aA'erage = 30 hours) 
and AA-ith ilMXSS, in 18 to 140 hours (average = 48 hours). The autopsy find- 
ings AA-ere essentially the same for both drugs. The most constant finding were 
a bloody nasal discharge, bloody urine, smaU petechial hemorrhages '"in the 
Juixgs, and moderate enlargement and congestion of the .spleen. With SIXSS 
the heart was frequently stopped in systole, and in these cases there was marked 
dilatation of both auricles and of the great A-eins '\Iiernseoni-f> 

the lining cells of coiiA-oluted and collecting tubules of the ‘+1 
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one animal with N-123, the tlegcncrntiou had progressed to a scattered necrosis 
of the tubular walls. Glomeruli and hlood vessels appeared normal, and there 
were no significant changes in the liver or adrenals. At the site ol in.ieetion 
there was usually moderate congestion of the hlood vessels of the siihcutaueous 
tissue hut no necrosis. 

Chronic ToxicUy . — Kats were in,icctcd daily suhciutaueoiisly with varying 
doses of the two substances. These data (NU) are given in Table VII. 
Throiighout the injection period. Groups VI, VII, VI 11, and IX seemed some- 
what more listlc.ss than normal. The animals of tliese groups all showed a loss 
of weight which was probably significant, esimcfally when contrasted to the 
Control Group IV which gained in weight. On the contrary, the animals of 
Groups II and 111, receiving only 5 nig./kg. of the two drugs, gained in weight 
to a greater extent than their control, Gronj) I. While their gain in weight is 
significant, it is obviously not significantly greater than the gain in the control’ 
group, even though the gain of the control grouj) is it.self not .statistically sig- 
nificant with certainty. 

t.mii.k yii 

Erm-T or Cnaoxic Al>^^.^•^.STl:.mo.\• o.v JJoav Wkioiit or n.\TS 




DAILV 

MUHI 


.MK.AX Iionv AVKIOIIT 


GROL'P 

sun.sTAxee 

POSE 





ITAl ('f:ST 

P 



MO./KO. 

■miH 

i>osns 

ur.roiit; 

AtTSU 

cirAXoi: 


I 

Controls 

- 

10 

* 

21 7.0 

237.0 


0.0S5 

II 

N- 12 r, 

5 

10 

20 

lOO.O 



0.037 

in 

MNSS 

5 

10 

20 

212.1 

230.3. 

■tl2.S 


IV 

Controls 


9 

- 

202.7 

21 -1.0 

+ 0.0 


V 

N-123 

25 

•1 

18 

221.3 

220.7 

- 0.3 


VI 

N-12.1 

50 

•1 

18 

218.5 

101.7 

-10.0 


vir 

N-12.'! 

100 

•1 

IS 

2;!0.0 


-IS.S, 


vni 

AINSS 


2 

l(i* 

200.0 

101.5 

- 7.0 


IX 

JtNSS 


o 

10* 

20,8.0 

lS(i.5 

-10.3 



•intections not piven on 6th and 7th days because oC temporary lack ot material. 


In Table VIII the data (HLR) from a different series of experiments arc 
given. These animals (mice, rats, and rabbits) were in.iected for pigmentation 
studies (see section entitled “Pigmentation”). Injections of N-123 only were 
made 5 days a week for 4 weeks. The results differed from the preceding in 
that the animals tolerated much higher dailj' doses; the 2 days’ rest per week 
from the chemical maj^ explain the difference. None of the jnice or rats shoAved 
loss of weight up to 300 and 200 mg./kg. daily, re.spccthmly. Rabbits dcA-eloped 
loss of AA^eight at 200 mg./Jeg. In this table are also givei\data on three rabbits 
injected with methylnaphthoquinone. The loss of weight at a dose of 65 mg./kg. 
daily Avas not great, but the question of absorption is present since the material 
AA’as suspended in poIyA’inyl alcohol. The dose of 65 mg. is equivalent on a 
molecular basis to 200 mg. of N-123. In another series of rats injected AA-ith 
N-123 for histopathologic studies all animals Avithout exception gained in AA^eight, 
the highest dose being 100 mg./lcg. for ten doses. 

In the sei’ies of rabbits injected for hematologic studies there Avas no sig- 
nificant loss of Aveight unless the dose Avas high enough to produce anemia, and 
even then the results were irregular. In rabbit 357, Avliich received N-123 in 
100 mjr/kg. daily for 20 doses (5 doses Aveekly), there was no loss of weight 
and only a minor slowing up of the rate of gi-owth, even though a moderate 
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anemia (IoycIoikhI. In rnlil.it ••MO. which soi-vcd as a control for 9 weeks and 
then reecivetl four 160 nr^./ktr. doses, there was a slight loss o w nc i 

(lovolopcd mostly after cessation of injections, and tail iccoaci\ lom anem a, 
the loss ami recovery ]mrallelintr the chaniies in the icd cell count. ic ancima 
in this animal was severe, the red blood cells lallinji to 1.31 niillion. 


TAiii.r vni 


PlOMKNTATIp.V TC.STS W ITU >*-112. > ANO Mt.XQ 
Five siiven per week for -t weetes. Doses were suhcatanecas except those starred* whwh 


wore oral. 


n per wei's lor ■> - v- to'* 

All hut tlie la.st three ruhhits w>re treated witli 


SPECIES 
AX'D XO. 

i>osi: 

M(;./Kr,. 

INITIAI. 

WKinllT 

r.UAMS 

fix u. 
WF.ir.lJT 

gUams 

I'Ei: rK.XT 
CffA.VGf: 

Mouse 1 

100 


24.7 

-f 7 

Mouse 2 

100 

21 

on 


Mouse 3 

100 

10 

21 . S 

-^15 

Mouse 4 

200 

17..3 

25.C 

-HlO 

Mouse 5 

200 

17 

19.4 

-rl4 

Mouse 6 

200 

2 1 . .3 

2.31 

-rl7 

Mouse 7 

300 

17 

21 

-{•24 

Mouse S 

300 

20 

24.7 

■r24 

ilouso 9 

300 

21.5 

23.21 

-{- 8 


Rat 1 

Rat 2 

Rat 3 

100 

100 

100 

170 

169 

192 

199 

190 

205 

-rl3 
■{-12 
■{• 7 

Rat 4 

200 

183 

219 

-{-20 

Eat 5 

200 

195 

226 

4-16 

Rat 6 

200 

103 

195 

4-20 


ricifEXT.vrioN' 


Xone. 

JCone. died .3 week? iater. 

One faint spot on hack. 

2s one. 

Jsonc 

Around eyes, back of neck; killed 
after last injection. 

Xone. 

Scalp and forehead, forelegs, breast 
slightly spotted; color gone in 5 
months. 

Xumerous spots especially on abdo- 
men; accidentally killed after 
las t injection. 

Moderate: sides, head, forelegs. 

•Slight: face, neck, sides. 

Slight: face, sides, head, perineal re- 
gion. 

Strong: face, sides, sacrum, head, 
forelegs, perineal region. 

Strong: face, neck, abdomen, saemm, 
head, all -i legs, 

.Strong: head, saemm, perineal re- 
gion, trace on sides. 


Rabbit 407 

100 

kg- 

2,20 

n^i 

Rabbit 408 

100 

2.27 

2.S2 

Rabbit 409 

50 

2,20 

2.67 

Rabbit 410 

50 

2,12 

2.90 

Rabbit 368 

100* 

3.50 

3.451 

Rabbit 369 

200* 

4.02 

3.091 

Rabbit 412 

300* 

2.03 

1.77 

The following tests were with MeXQ : 

Rabbit 411 

32.5 

2.14 

2.67 

Rabbit 370 

32.5* 

4.20 

4.221 

Rabbit 371 

65* 

3.93 

3.7.34 


fAVeight at 3 weeks. 


4-19 

Slight after 1 week: sides, back and 
head. 

4-24 

Slight after 1 week: sides. 

4-21 

Slight after 1 week: sides and over 
eves. 

-f37 

Slight after 1 week: dorsnm, trace 
on forehead. 

- 1 

Xone. 

- 8 

Xone. 

-13 

Xone e.xcept margin of lips (contain- 
ination?^. 

-rlG 

Trace after 1 week over haunches 

0 

Xone. 

- 0 

Xone. 


Pigmenitaiion . — The rats in groups VI, VII, VIII, and IV of Table VII 
developed a peculiar yellowish-brown pigmentation of the hair, which became 
evident toward the end of the injection period and deepened in the nest one to 
three weeks after the injections were terminated. From then on there was no 
apparent change in intensity during 10 weeks of ob.servation. The piomenta- 
tion. present chiefly in the hair over the face, back, and thorax, was scattered. 
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but sharply defined, and (ended to bo syinnietrical. Tills pifrnienfation has 
previously been reported by us.' This phenomenon was observed in all i-ats on 
the higher doses of the two substances in both the Xordiwestern University and 
HolTniann-La Eoche laboratories. ]n addition, rabbits and mice in the latter 
laboratory were observed to develop the pigmentation (see I'able VIII). All 
rats and nearly all rabbits with sufficient, dosage developed it. but mice were le.ss 
prone to show the color. The color was similar in the three sjiecies and always 
in discrete patches and nearly .symmetrical. In all animals the color persisted 
for months, but finally di.sajjjieared. In one rabbit there was only slight fading 
after six months. 



94 —Effect of repeated low doses of N-123 on the red cell count. Arrows Indicate the 
iiig. dally Injcctlon.s. D = died. 

When N-123 was given orall 3 ’' to rabbits, pigmentation did not occur. 
Methjdnaphthoquinone administered subcutaneouslj' in 3 per cent po^winyl 
alcohol solution caused slight pigmentation in one of two rabbits which received 
32 5 mg./kg. daily for 20 doses (during 4 Aveeks). This dose is equivalent to 
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100 K-it- «f NM2:l. Al I'vii-o th- <l.w mimil.isfcrcvl f. raio rabWl piwwnt"- 
JfcXQ may ,,«aiW.v ],avo l,ro„ l.nsrly 

MeXQ is irritatin-r tlu’rc nccurn'd. at t1,o sHp ' 

duration vl.ich persislo.l has 

fact that colorin" did develop in one lahbit 1 t • • ntirmnii-ite 

its ori^n in the inetliylnaphtlioquiuone unclens itsc . am ^ i.-miuy The 
or s„H„„ate gives grca.or ntTcds m.ly booausc of v^rVoMon 

meeknnism ot 11, c color proiliictiou .mu only be “<• , L a “ t” 

.! y-I23 applied daily to tbe bair bad no elTeel. The eo or '"»> ^ 

melaaiu foramtion directly or indii celly Ibrongl, metabolic changes ™ ' 

Hair cells. Possibly yitamius are a factor, Tbe symnictneal and ^ 

tribution siigge.sbs relationship to the color patterns 0 pie la c n ii 

ner\-e and vascular supply. , . , „ , . 

All rats rvcrc colorless after five inontbs. The p.tmeuted rabbits oE ta 
series cleared up somcivliat taster tlian previous rabbits m the hematology es- 

periment series. , ^ ^ 

AficroiwHioloap.— Sections from tlie livers, kidneys, and adrenal glands o 
the rats in Groups I. II. and III .(Table VII) revealed no changes. Tbe doses 

Of aX- 123 and iMNSS Avere small, a mg.A?- . . . 

In another experiment on rats (HLR). series of one, five, and ten i^ctions 
of N-123 were given in 20 and 100 rag-Ag- Aninials were killed the day 

after the single dose and three days after the last dose m the other two senes. 
There were no significant changes in the livers or kidneys of any of these 


animals. 

Some of the rabbits under hematologic study were e^mined Two rabbits 
showed no significant gross or microscopic changes after ^‘123, given su - 
cntaneonslv in 4 dailv doses, 150 mg-Ag- One of these animals (Iso 349) was 
lulled and autopsied when the red cell count was l,o/0,000. The other rabbit 
(iXo. 364) was autopsied immediately after death foUowing a commlsion. The 
commision was two davs after the last injection, and the red cell count was 
1,160,000 on the day of death. Two other rabbits died following similar doses, 
and delayed autopsj^ revealed little not attributable to post-mortem changes. 

Remat ologij .—Eighteen rabbits were started, five serving as con- 

trols. Three of tbe latter were placed in tbe treated group after several weeks. 
Goccidiosis appeared in the colony, and one treated (No. 356) and one control 
animal (No. 358) died. Another control .(No. 348) was killed because of severe 
diarrhea. Aside from these aiiiraais, coccidiosis was either mild or did not 
attack the other animals. N-123 was given daily in doses rangbig from 10 to 
200 mg./kg. Pronounced effects appeared with closes higlier than 100 mg.Ag-, 
rabbits recemng the highest doses developing a severe aplastic anemia. Some 
died, and others recovered following withdrawal of the drug. One animal, 
No. 350, recovered even though the red blood cells dropped to 1.31 million on 
the third clay after the 4th injection of 150 mg./kg. Following recoverj' the 
animals regained normal levels. The red cell counts taken weekly are illus- 
trated in Pigs. 2a and 2b. Rabbit 361 showed a drop in red blood cells to 
2.90 million after ten 100 mg.,/hg. doses, but promptly recovered when injections 
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were stopped. Rabbit 357 actually showed a rise duriii" the first, three Aveeks 
of injections. Rabbit 300 Avas injected Avitb 130 nig./kfr. a avcoIc after the last 
of four 150 mg./kg. do.ses. As seeti in b^ig. 2b tliere Ava.s a tcinjiorary rclajise 
after AA’hieb recoA’ciy continued. 

Obsei'A'ations Avere made also on AA-hite blond cells and heninglobin. Tliere 
Avere no significant changes except A\-ith the highest doses acconijianied by 
seA-ere anemia. In these animals there A\-ns usually a polymorphonuclear leu- 
cocytosis, but little effect AA-as noted on the eosinophils, basojihiis, or mono- 
cytes. The Avhite cell picture became normal Avith recoA'cry from the anemia. 

Effect oil Blood Brcssiurc and Itc.tpiraiion (EU). — FiA’c dogs Avere used 
and AA’ere anesthetized Avith sodium ]»entobai’bital. The carotid blood pres- 
sure AA-as recorded on a kymograph ti-aeing. and a simultaneous record of res- 
piration AA-as made by moans of a pneumograph and tambour. All injections 
AA-ere juade intraA-enously at a rate of 1 c.c. per 3 seconds. 



Flsr. 2B. — Effect of repeated high doses of K-123 on the red cell count. Arrows Indicate 
daily injections. Half-lengtli arrow.s indicate a linlf-sizc do.so in two of tlie rabl)lts. Total 
dose = 600 mg.As:. in all case.s, except rabbit 360, wlilcb received nn ndditlonni dose of 130 
mg./l5g.. Indicated by tbe vertical line at second week. 

With doses of 20 mg., deg. of either substance, no significant alteration 
in blood pressure occiu-red. With 30 mg./ltg. of N-123 nn elcA-ation in blood 
pressure began 1 to 2 minutes after the start of the injection, reaching a peak 
in about 4 minutes and declining gradually to normal, in 5 to 10 minutes. No 
significant secondai-j- increase or decrease occurred. The maximum elcA-ation 
of arterial pressure AA-as 40 mm. Ilg. During this period there AVfis a some- 
AA-hat decreased respiratory rate. With SINSS 30 mg./kg. rc.sulted in some 
cases in a transitory slight fall A\’ith increased depth of respiration and in 
other cases no significant changes in either arterial pressure or respiration. 

Forty mg.Ag- of N-123 caused in one dog a rise in blood pressure of 70 
mm. Hg and a greatly increased respiratory rate Avhich Avas accompanied by 
a Auolent stirring about of the animal and an aAA-akening from anesthesia. 
After 15 seconds, during Avhich time tliere AA-as no abatement of symptoms, a 
deeper anesthesia Avas induced and recoA-ery folloAved. Similar effects Avere 
obtained in eats” AA-ith 10 mg./kg. doses of N-123 under ether or alurate anes- 
thesia but the blood pressure reaction Avas somcAvhat less under ether. N-123 
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had little ofi’eet on respiration in inorpliiniml rabliits until Jiigh doses Avere 
given, in wliieli case resjiiration was depressed. 


St;.MMAI5Y 


1. Two oonipnunds. tetrasodinin 2-inetliyl-], 4-naphtlioliydroquinoiie diplios- 
phoric acid o-stcr -GIljO ,(N-12d) and ‘2-niethyl-l, 4-naplitholiydrorjinnone 
sodium bisulpliito eomplox (^IXSS) were studied for vitamin K activity and 
pharmacologic cfTects. 

2. In bile dnct obstructed rats or rat.s made deficient in prothrombin by 
dietarj- means (.‘10 per cent jictrobijrar in powdered Purina dog chow) 2 to 4 
gamma per rat caused a significant shortening of the prothrombin clotting 
time .(Quick method). In one series. 2 gamma of either substance caused the 
protbrombin time to return to nonnal and ^/i gamma appeared to be the 
threshold dose. 

3. After the prothrombin time is brought back to normal by the admin- 
istration of the therapy (about S gamma) and then the therapy is stopped, 
the prothrombin time returns practically to the deficiency level in '5 days. 

4. It was shoAvn that vitamin K does not affect prothrombin time on being 
9dded to the blood of patients or rats with a prothrombin deficiency. 

0 . Weight for weight appeared to be slightly more active, hut on 

a molecular basis X-12.3 was about 40 per cent more potent. 

6. The higher molecular activity of the diphosphate than either IMNSS 
or metliylnaphthoquinone is not due to any direct action on the blood in vitro. 

The LD.50 in rats for X'123 is 610 mg./kg. and for j\IXSS is 175 
oig-Ag. by subcutaneous in.iection. 

8. In rats receiving high doses of either drug, there was a lowering of 
spontaneous actiAitj- and an increase in i-espiration. 

9- In dogs under pentobarbital anesthesia doses of 30 to 40 mg./kg. 
caused a marked rise in pressure and respiratory stimnlation. IIN.SS did not 
eilnbit these effects. 

10. Lethal doses with both drugs administered to rats re-s-ulted in "toss 
and microscopic changes, especially general petechial hemorrhages and renal 
degeneration. 


11. The chronic administration of 100 mg./kg. of X-123 in rats resulted 
in no pathologic changes. 

12. In rabbits, doses of X-123 above 100 mg./kg. caused an “apla.stic” 
anemia from which complete reeoverj' occurred in some animals; others died 

Pose djnng showed no significant microscopic changes direetlv attributable 
0 «ie substance. Except for a transient poh-morphonuclear Jeneoevtosis 

-significant changes in animals 


13. lliee, rabbits, and rats all developed a vellow to oi-aiirr« 
mentation of the fur in from one to three weeks foUowing a seri^ of 

0 large doses of either substance. This pigmentation remain/^/i f 
^;.th but sloAv fading. Mice were the least .smscep^Me n^ .i 
phenomenon. ^ ^ pigmentation 

14. Tlie margin of safety betiveen the tlieraDPTiHr-;.]),- 
dose of the two preparations is relatively enormous. ' 
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THE EFFECT.S 


OF VITAHIIN B DEPRIVATION ON SPONTANEOU.S 
ACTIVITY OF THE RAT* 


A. Ij. Bi.oojii’iiii.i). j\[.D.. AND 51. 1j. Tainteu, M.D. 
San Francisco, Cai.ii'. 


T he effect of vitamin defieicncy on activity is not only of liiologic interest, 
but in time of tvar, when food supplies are sliort, it is also a matter of great 
practical moment. There is a general impre.ssion among clinicians that de- 
ficiency of the A’itamin B complex results in fatigue and sluggishness both 
mental and physical; this impression has recently been .su])i)ortcd by certain 
purposeful studies. AVilliams and his associates in 1940 found that. Avomeu 
placed on a diet extremely low in thiamine developed inaetivity and apathy in 
addition to loss of weight and prostration. In a later study (1942), in which 
the thiamine deprivation Avas less extreme, they also found ‘'physical in- 
efficiency ” There Avere no quantitath'e measurements. O’SIica, Elsom, and 
Hi"be (1942), hoAvcver, detected no deterioration in the speed of hand muscle 
cooi'dination -^vhen sulyiects were deficient in the B vitamins and no improve- 
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monl »nc.' lhcn„,y will, Viliimii, H. WilHains ,n„l M»so„ (1042) p,o.l„c,c<I m 
iioticoaWft svniplonis in I'ooplo ]ilaml for six inonllis on ^ 
l)c doficiont' in ribollavin. Siinonsnn. Barr, anti 1‘lnzov (1042) made the 
intcfcstimr observation ibat oxeessivo intake of the ^ itamin comp ex i 
not affect ability to perform five different tyiies of muscular \vork, but h . 
treated subjects felt a subjective improvement of Avovking capacity. Fma 
Keys and Ilcnsebol (1042) slunved tliat additions of vitamins to the standar 
ration did not improve tbc pliysieal jierformance of men in ^ 

From the labovatorv standpoint fiuerrant and Duteber (lOW) foun 
flint yoiinir rats (23 to 2(i days old) ].laecd on a diet deficient in the B comp ex 
but supplemented with riboflavin and a rice polish concentrate, so that the 
food was presumably deficient only in thiamine, ■were moie aetne oi a peno 
of three to four weeks than controls which received thiamine supplements. As 
the ca’ects of vitamin depletion became severe, activity fell off but increased 
again when Vitamin Bx was added to the diet. 

Because of tbc indefinite, and indeed contradietoiy, character of some of 
the results in the above reports, it seemed useful to attempt further measure- 
uients of the spontaneous activity of rats on deficient diets. The piesent paper 
deals with this problem. 

MF.THOD.S 


There is a huge literature on measurement of the activity of the rat under 
various conditions. Briefly, for our present purpose, it may be said that 
female white rats, -when placed in suitable “running ’ or revoBing cage.s, displaj 
a variable amount of spontaneous activity. This depends upon manj condi- 
tions : the stage of the estrus cycle, season, temperature, noise, diet, and other 
factore. Some rats may not run at all; othci^ cover surprising distances in 
24 hours, in .some cases as many as twenty to thirty kilometers. j\Iost rats when 
placed in the revolving cases arc sluggi-sh at first and then gradually increase 
their activity until a more or less constant level of dailj running is achieved. 
All these matters have received detailed attention on the part of previous 
investigators (Slonaker, 1912; Shirley, 1928). 

The type of cage used in our experiments (Slonaker, 1908) is a wire mesh 
ej'linder 114111 a eireumferenee of 1.5 meters, which rotates about an axle with- 
veri' little friction. Each revolution is recorded by a cyclometer on which the 
total can he read at any time. Within the revolifing cage is a smaller stationaiy 
ho.v, with food compartment, in which the animal reposes when not running. 
A battery' of twenty such cages were set up in a large room, which for the mast 
part was quiet and had a fairly uniform temperature. The animals were 
weiglied daily, and during the experiments the quantity of food eaten was 
measured or controlled. 

kxpkkiments 


Experiment 1 . — Twenty young female rats, iveighing from 80 to 100 grams, 
ivere separated into a group of 10 test animals and 10 litter mate eontroLs. 
Each rat was placed in one of the running cages and was allowed to eat as 
much of the stock diet‘d of the laboratory as it desired. The animals and the 
food w ere weighed each day and the number of revolutions run was recorded. 

•Ca.«ein Ifi. cornstarch H, yenst 10, .salt mixture 4. cod liver oil 10, alfalfa 2 and lard 14 . 
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After a control period of three weeks, when the level of activity seemed 
stabilized, the ten test rat-s M-cre chanjrcd to a diet deficient, in Vitamin B 
complex. Tlii.s consisted of waslied ‘'vilamin-free” casein J7, cornstarcli Gl, 
cod liver oil 10, Criseo 5 , and salt mixture 4. On tliis diet, even though un- 
restricted in amount, rats soon begin to lose weight; Avhetlicr because of lack of 
appetite or because of some specific cfi'cct of vitamin deficiency is not certain. 
The ten control annuals continued to receive the stock diet, but the (luantity 
was limited so that they lost weight at about the same rate as the rats on ll>e 
deficient diet. Thus they served to control any nonspecific effects of inanition. 
iVside from loss of weight all of the animals appeared well throughout the 
experiment. 



Fig. 1. — Sinninarj' ot Expcrinicnl 1. Tlie nr.>;t portion ot tiic control period Is not .shown. 

KcsuJts of Exi^crimcni J . — The finst point to be noted is the great individual 
variations in activity. These seem important and will be discussed below, but 
we will present first a composite picture of the test and control animals. Fig. 1 
gives the results. The average number of I'ovolutions run daily bj* the rats in 
the two groups is shown along willi the average Aveights. Tlie test animals, 
during the last ten days of the control period, had reached an approximate 
level of activity in the vicinity of 3000 revolutions. Prom the start of the test 
peidod there is an increase in activity of both sets of rats. This increase, how- 
GA^er, is much more marked Avilh the animals on the deficient diet, and A\-ithin 
a fcAV daj^s activity is double the control level. The difference in the tAvo 
groups is statistically significant. After reaching a peak at the fifth day, 
activity of the test animals falls off rapidly, and Avithin 10 days is back to tlie 
control level. A fcAv days later there is again an increase in activity, Avhich 
coincides Avith rapid Aveight loss to a point Avherc the animals’ lives are in 
danger. 

In contrast to the test animals, the controls shoAv an entirely different, 
pattern. There is to be sure a slight initial gain in activity, but there is never 
any drop ; from the 15th day on, coincident Avith rapid Avcight loss from food 
resti-iction, there is a great increase in activity Avhich surpasses that shoAvn by 
the test animals. 
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The wifilit etirves rofiuire ii sejiiinitc M'orfl. Duriiif^ llie control period 
tlioro is tlie iisnnl brisk jiJiin. Jilinosi in a slraifclil line, which occurs with rats 
of this !i"e on the stock did of the laboratory. Cliangc to the Vitamin B 
deficient diet is followed by an iininediatc slackening in the rate of gain and 
wifliin a day or two by weight, loss, gradual at fiisf, hut after approximately 
two weeks moi-e rapid. The sharp spurt of activity and the suhsequent fall are 
not related to any change in type of the curve of weight lo.ss. 

Discusxion . — Statistical analysis of the curves of Experiment 1 indicates 
tliat tlie following conclusions may he reliably drawn: (1) Vitamin B depriva- 
tion and/or limitation of food intake incrca.se activity initially; (2) limitation 
of the amount of the normal ration eaascs i)rogre.ssive rise in activity; (3) 
vitamin B defieieney after tlie initial phase of stimulation results in a progres- 
sive depre.ssion relative to tlie activity seen in the controls, so that the final 
(premortal?) stimulation is much Ic-ss than is to he expected from compari.son 
with the eontrols in the same .state of inanition. 

The cau.se of the increased activity of the rats on the Vitamin B deficient 
diet is not clear. Guerrant and Dutcher (1940) .sugge.st neiTOU.sne.s.s from vitamin 
deprivation as one explanation. However, their young rats which had not 
reached a .steady level of activity before the experiment was .started .showed 
increased activity for a period of weeks, an entirely different situation from our 
e.xperiment in which older rat.s at a level of activity show only a brief .spurt 
after vitamin deprivation. In other words, a fall in activity in our animals 
long before serious signs of deficienej’ are pre.sent cannot he well explained on 
this theory. Another possibility is that change to an inadequate diet which 
oiay be di.stasteful stimulates increased activity in the search for more palatable 
food. 


One can hardly draw any practical applications for man from these 
e.xperiments, but they suggest that a brief deprivation of Vitamin B may not 
lessen spontaneous actiA-ity, but rather the contrary'. It also appears that in 
rats, at least, restriction of the total amount of food, as in our controls, 
provided additional A'itamins are not fed, tends to increase .spontaneous actmty 
slowly over a period of at least three weeks. The final ansAver to the cause 
of this phenomenon is not at hand. It is suggestive, hoAvcA'er, that in the con- 
trols of Experiment 2, to he presented beloAv, where an adequate Vitamin B 
intake Avas a.ssured by feeding it to each rat, the same limitation of food did 
not result in a progressive rise in actiA-ity. Hence it is possible that the .sIoav 
increase in running in the control group in Experiment 1 Avas the expression of 
a sloAA-ly developing B deficiency brought about by the limitation of food 
intake and AA-ith it of aA'ailable Vitamin B. 


The Results in Individual Ratx . — As indicated above, there Avere striking 
variations in the aetiA’ity of indiA-idual rats both in the test and in the control 
senes. Among the test animals, for example. No. 6 did not run at all durin" 
le entire experiment (.see Fig. 2A). The cyclometer .stood at zero not onlv 
iirmg the control period on stock diet hut after the Vitamin B deficient 
let Avas instituted. There Avas no “premortal” increase of actiA-itA' in suite 
0 veiw rapid weight loss. The theories discussed above in connection AAOth tPe 
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behavior. Eat.s d. 4. 2. and S of the te.sl .series failed to run dnriiifr the control 
period and during tlie early days of the defieieney period, but finally showed 
slight activity bejiinninii respectively on the seventh, ninth, thirteenth and 
fifteenth days. There was no correlation, however, between the deirree of such 
activity and the fall in the weiirht curve (see Kius. 2]i and 2C). Five animals 
of the test .scries (Nos. 1. o. 7. t), and 10) bc'ran to run after the start of the 
experiment, and by the end of the control period were very active, although the 
pattern varied in difi'erent rats. In No. 7 for example (sec Fig. 2D) activity 
was .still rapidly increasing at the end of the control period. This rise con- 
tinued sharply for 6 days; there was then a .slight fall with a secondary marked 
rise even though the animal was not losing rveight rapidly at that time. No. 3 
(see Fig. 2K) failed to show any definite terminal rise in activity ex’en though 
it was losing weight rapidly. 



Fig. 2C. 

-"Vmong the control series there were also various tx-pes of reaction. One 
animal failed to nin throughout the whole experiment. But whether or not the 
animals ran during the control period, actixdty during the test period always 
increased, even if only slightly, and never showed the invariable spurt of 
increased activity followed by decline exhibited by the test animals. 

Experiment 2. — Because of the possibility that in Experiment 1 the factor 
lesponsible for the changes was the alteration in food, rather than the lack 
itamin B, a second experiment was run in which the food remained un- 
c anged throughout for both groups of rats, and Vitamin B xvas administered 
eparately. During the control period both te.st and control animals were 
000 ^*^ Vitamin B deficient ration described above, but in addition 

^ ^ Vitamin B concentrate which contained aceord- 

Biiit” .-1 .statement, in 30 c.e., Vitamin Bi 1500 International 

acid^fn n Paihofbenic acid 12.0 mg., nicotinic 

• mg. It was also said to contain the filtrate factor (Juke.s-Lepkowskv 


(saNVsnoHJi) 
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value of 28 per c.c.).® Tin's vitamin concentrate was feel separately to eaeh 
rat, mixed with a few (lro]>s of water. At the end of the second control period 
of 21 day.s the Vitamin B supplement was withdrawn from the test rats. As 
these rats lost weight, the quantity of food allowed to the controls was re- 
stricted so that they too lost at ai)])roximatcly the same rate, but they continued 
to receive the full dose of B concentrate. During the control period of 21 days 
the average gain in weight of the rats in Experiment 2 was 18 Gm. This is 
definitely less than the gain made by the rats in Experiment 1, which averaged 
23 Gm. during the comparable period. We interpret this to mean that the B 
deficient diet plus B concentrate was not as adequate a ration as the stock diet 
used in Experiment 1. 



3. Summarj' of Experiment 2. The first portion of the control period is not shorvn. 


The results (see Fig. 3) are, however, in essential agreement with the 
St experiment. The animals deprived of the vitamin supplement promptly 
increased their activity to approximately double the control level; in this case 
high level was maintained for a longer period than in Experiment 1. How- 
i^'er, there was subsequently a fall to the control level. At this point the 
^xperiment was modified by re.storing the B concentrate to the test group; 
® results of this procedure wilt be discussed later. The control group of 
although showing considerable irregularity from day to day, did not 
of consistent deviation from their control level. A statistical analysis 

e eun-es demonstrated that the following conclusions were justified: 

. ^^fumin B deprivation was followed by a sbghtly greater increase of 
c inty than deprivation of food alone. The mathematical chances are 18 to 
^ aior of this being a true difference. 

pj. “■ the initial phase of stimulation. Vitamin B deprivation produces a 
_^o^essive depression of activity as compared to the controls whose food 
— limited without mtamin restriction. 

U«rt5elej^*^7if,* specially fortified product supplied for this studj- by the Galen Co Inc 
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After three iveeks hoth sets of animals were restored to the original diet, 
that is, they all received the B-free diet as desired plus the 1 e.c. of Vitamin B 
concentrate .iust as during the control period. The efTeet on activity is 
illustrated in Fig. 4. Tiic six days preceding restoration to the original diet 
arc sho'ttni, and it is seen that the activity of the test rats was practically 
.stationary, whereas that of the controls was increasing. On the change to the 
original diet both sets show an immediate drop in activity to a veiy low level, 
which dui’ing the cn.suing days incrca.scs gradually and slightly. Tlic meaning 
of this interesting finding is not clear. Sudden restoration of vitamins which 
had been lacking does not .suflicc as an cxjilanation, because the control group, 
although restricted in quantity of food, had been receiving the full amount 
of Vitamin B throughout the experiment. It appeai-s that the coiTcction of 
either lack of Vitamin B or lack of total calorics leads to a decrease of activity, 
which may ho duo to release of nervous tension or cessation of need for seeking 
food. It may simply he that the rats, whose food intake approximately doubled 
during the first few days of unrc.stricled diet, wore hu.sy eating and therefore 
ran less, or that the unu.sual distention of their gastrointestinal tracts cau.sed 
a disinclination to exercise. 



4 Efrect on activity of restoration of diet to tlie conditions obtaining during tl\o control 

■ period of Experiment 2. 

DISCUSSION AND SU.MMAKY 

To summarize briefly, the object of these experiments was to discover the 
effect of Vitamin B deficiency on spontaneous activity of the rat. Two experi- 
ments along somewhat different lines were done so as to be sure of adequate 
controls. It was found, in agreement Avith previous observere, that rats placed 
in revolving cages do not run at fii'st; they seem to have to learn. In our 
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obsemtions there Avas an increase of activity during approximately the first 
two 'vrecks of Die control period; thereafter activity remained more or less on a 
level. There were great variations, however, in individual animals; .some did 
not nm at all during the entire experiment; othei’S became active promptlj , 
some were still increa.sing their activity at the cud of the three weeks control 
period. 

In any event witlulrawal of Vitamin B from the diet was followed by a 
prompt spurt of activity la.stiiig from five to ten days and tlien followed bv a 
decline to approximately tlic control level. This phenomenon occurred with 
great regularity and was .strikingly different from the behavior of the control 
animals whose food intake was curtailed. These rats showed a slower but 
continued increase of activity, wliieli went on, with no drop, throughout the 
course of the e.xperiment, unlcs-S a special supplement of Vitamin B was 
administered. 

The explanation of the sharp spurt of activity shortly after vitamin 
deprivation is not clear. The suggestion of Guerrant and Butcher that B 
deficiency causes "nem'ousness’'" does not seem adequate to us: first, because 
tbe effect is so very prompt, and, second, because there is no evidence that 
nervousness in the usual sense of the word gives rise to increased running 
in this type of experiment. During the period of Vitamin B deprivation 
our rats were vezy restless, excitable, and difficult to handle. However, this 
variety of "nervousness” does not necessarily result in increased running, as 
has been amply demonstrated by one of us (T.) in studies to be reported 
later. The running response probably requires a conscious purposeful co- 
ordinated "drive,” which is quite different from the lack of nenromuscular 
poise or restlessness which is usually called "nervousness.” The simplest view 
’vould seem to be that shortage of either vitamin or food stimulated the 
animals into a reaction pattern which would be helpful in the search for a 
more desirable diet. The drop in activity of the vitamin deficient rats following 
fbe initial stimulation seems on the other hand specifically related to Vitamin 

lack since it does not occur in the controls. It should he noted that this 
slowing of activity occurred in oiir animals long before they showed am' visible 
evidence of deficiency disease ; it cannot he regarded at aU as an agonal phe- 
nomenon. 

The sudden drop of activity of rats when either Vitamin B or unlimited 
calories is restored after a previous period of limitation is also of great interest 
(see Fig. 4). The only satisfactory explanation is that the fulfillment of a 
metarj' need of any sort is followed by greater food intake, more time spent in 
ceding, and subsequently in sleeping, and the cessation of the m-ge to run 
Associated with unsatisfied cravings. This is probably similar to the satiation 
Aad tendency to inactivity commonly experienced after an unusually large meal. 

Finally, one is tempted to speculate on the bearing of these findings on 
hvoblems of human nutrition. The suggestion comes forth that in situations 
''v ere only a small bulk of food can be availahle, such as in the case of 
Psvaehnte troops or in castaway rations, the supplying of Vitamin B might he 
rist as important over periods of a few days as adequate calories. Our 
c-vperhnents also suggest that Vitamin B deficient diets can cause alterations in 
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])eluivior which may precede by many days any other clinical evidence of the 
vitamin dcfieioncy and may in fact he the only symploin of such deficiency in 
the suhelinical stages. 

COXChUSlOX.S 

1. Limitation of Vitamin B in the diet of the white rat is jiromptl.v followed 
by increase in activitj'. 

2. After a period of a few days to two weeks there is a sharp decrease 
in activity. 

3. This decrea,se is not to be explained by inanition, .since control fasted 
rats who.se Vitamin B intake i.s maintained at a con.stant level continue to show 
normal activity. 

4. ^Yhen rats whose diet has been deficient in either Vitamin B or in total 
calories are furnished unlimited food and adeepmte vitamins, there follow.s, 
not an increase, but a sudden siiarp fall in activity, which jicrsists during the 
period of increased food intake. 

5. Some possible exjilanafions of these phenomena are diseimscd. 
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THE REACTION OF LEUCEI^IIC PATIENTS TO THE SULFONA]\riDES 


E. L. Amidon, BunLiNGTox, Vt. 


^UR knowledge of the cfrcctivcne.s.s of the sulfonamides on certain infee- 
tioiis diseases is rai)idly becoming definite and accurate. Our knowledge 
of the pharmacologic action of the several forms is still accumulating. The 
earliest report’ indicated that tlie drugs produced a bacteriostasis. The sug- 
gestion of the neutralization of the bacterial toxins- could only be a partial ex- 
planation. Very early it was learned that the temperature greatly affected the 
activity of the drug. The fact was still left unexplained why certain bacteria 
were either prevented from multiplying or were killed outnght, while other bac- 
teria were seemingly unaffected. Observations of later date .suggest the impor- 
tance played by the medium.^’ ’ It would seem rather certain at the present 
time that the sulfonamides may destroy certain substances nece.s.sary for bac- 
terial multiplication,’’-' and it is with this theoiy we are chiefly concerned. 

^luch experimental evidence has accumulated concerning the toxic effects 
of the drug. For our purposes only that effect on the white blood cells will be 
considered. Young® apparently was one of the first to report complete agranu- 
locj-tosis. ^Jfany other's have demonstrated this change and have offered several 
explanations. The conclusion of Bliss and Long,’ that with the exception of 
fo.xic changes associated with malignant neutropenia there was no direct effect 
opon the white cells of the patient, seems adequate. It should be noted that 
file severe cases of neutropenia usually occur only after the drug has been ad- 
ministered for some time, generally from tAvo to four Aveeks. Goodman and 
nman° .suggest that this reaction is dependent upon the factor of pei'sonal 
idiosA-nerasy, adding that the reaction is rare. Attention should be called to 
the fact that AA-hen an infection is accompanied by a leucopenia, the administra- 
tion of the di-ug maA' result in a rapid rise in the number of sranular white 
cells. 


It remained for LiA-ingston and Moore’® to demomstrate the effect of soilfa- 
Pjwidine on the AA'hite blood cells of patients A\ith leucemia. They administered 
sulfapyridine to six cases of lATuphatic leucemia and reported a definite and 
maiked change in the total number of hunphocA-tes in the peripheral blood. The 
patient AAith chronic h-mphatic leucemia Avas treated on four separate occa- 
sions. The drop in white cells was: from 256,000 to 6,500; from 33,000 to 
, ’ 47,000 to less than 20,000; and from 94,000 to slightly oA-er 20,000. 

- t ough this patient AA-as treated late in 1939, the outcome AA'as not .stated 
^ eir second patient Avho apparently developed .signs and SA-mptoms of acute 
.'■mphatic leucemia showed a drop in the total white count from 212,000 in sue 
wssive stages of: 183,000 to 100,000 to 60,000 to 40,000 and finally to 20,OOo' 
— rte Avas no stated eA-idence of any clinical improA-ement, and they .state that 

‘hc’teersUy^o? Ve'^onC^ Chairman of Department of Wedicine. The College of Medicine 
Received for publication, April 9, 1943. 


1691 


1692 


THK JOURNAL Or LABOUATOIiy AND CLINICAL MKDICINK 


the drug was discontinued on the 19tli day because “in spile of llic change in 
blood picture there was clinical evidence of Avidespread Icucemie infiltration.” 

Following the lead suggested by Livingston and Moore four cases of 
lymphatic leucemia were studied, and the results tend to agree with those found 
by the previous investigators. 

Case 3. — Mr.s O. B., SO-yoar-old, white, «•«.« lulmitted May 4, BMI, coniplnining of 
general wcakne.s.';, edema of the legs, and sore Ihroul of one-woeU duration. Several small 
lympli node.s were found in the ncek and 'tl'C spleen was only slightly enlarged. Her 

blood count showed: hemoglobin, 55 per cent; red cells, 2,520,000; and white count ns given 
below. Several small macular areas and sm:ill ccehyniotic areas were noted on her legs. In 
Table 1 are listed her blood eounts with her therapy and progress: 


Taiu.k I 


P\TE 

\VmTK CKI.T.S 

LYMPHOCYTES 

i:emai:kk 

4/ 7 

89,000 

98 

Transfused with 400 c.e. eitrated blood. 

4/ 9 

74, .000 

98 


4/10 


StilfaniUimidc started, 1 Gm. every four hours. 

4/12 

8,:i50 

99 

4/12 

5,000 

98 


4/13 

0,200 

95 

Sulfanilamide stopped. Transfused 000 c.c. eitrated 




blood. 

4/14 

13,000 

98 


4/15 

29,200 



4/10 

22,000 



4/17 

41,800 


Sulfathiazolc .started 1 Gm. everv four hours. Patient 




irrational. 

4/16 

20,700 



4/19 

5,500 

97 


4/21 

4,200 


Sulfathiazolc stopped. Patient very confused. 

4/22 

2,900 


4/23 

1,450 



4/24 

2,700 

SO 

Putient irrational. 

4/25 

2,150 



4/20 

2,100 



4/27 

1,000 

82 


4/2S 

2,700 



4/29 

2,300 

69 

Contlition improved. Temperature normal for ilrs^t 
time in hospital. 

4/30 

3,200 


5/ 1 

3,100 



5/ 2 

4,200 

06 


5/ 5 

5,500 

30 

Ncutrophiles, 04 per cent. 

5/ 7 



Patient up on rcclincr. 

5/ 8 

5,400 

43 

Ncutrophiles, 57 per cent. 

5/11 

7,200 

50 

Ncutrophiles, 44 per cent. Discharged from hospital. 


The patient left the hospital with a blood picture of: hemoglobin, 5S per cent; rod cells, 
2,860,000; and a white count as given above. She received no more of the sulfonamides. 

Twenty-.»even days after her discharge she was admitted to another hospital. On ad- 
mission her white count W'as 32,000 with 97 per cent Ijmphocytos. On Juno 14, ten days after 
admission, with her white count 16,900, she was given sulfathiazolc in 1 Gm. doses every four 
hours. The following day her white count dropped to 3,600, and four days later it was 400, 
dropping to 300 on the following day. Eight days after sulfathiazolc was begun the patient 
died. Post-mortem examination revealed atrophic bono marrow and splenomegaly. The 
anatomic diagnosis was acute lymphatic leucemia. 

Case 2. — J. D-, a 76-ycar-old white male, was admitted Sept. 24, 1941, complaining of 
fatigue, dyspnea, palpitation, and precordial discomfort. His blood count on admission was : 
hemoglobin, 26 per cent; red cells, 904,000; white count, 300,000; 96 per cent Ij-mphoeytes. 
In Table U are listed his blood counts with his therapy and progress. 
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TAJII,K IV 


Ti:Mr. 

DATK 

WHITE 

CErjT.S 

IIEMO- TA’MPHO- 
OWniK CYTKS 

Vr.K CKST PEI! CE.VT 

ItEI) 

CEELS 

r.E.MAIlKS 

102 

:v 8 

201,000 

42 

99 

1,920 

Patient very drowsv 


9/ 8 

271,000 


100 



102.0 

.1/ 9 

303,000 

49 

99 

2,287 


102.8 

.1/10 

213,000 

49 

99 

2,130 

Sulfanilamide started, 1 Gm. 







cverv 4 hr. 

101 

3/11 

220,000 

49 

99 

2.200 

IlcCuse.s to eat. 

100.0 

3/12 

170,000 

49 

99 

2,349 

Sulfanilamide stopped. 

100 

3/13 

102,400 

42 

97 

1,907 

Xeck glands doc. markediv. 

lOO.G 

3/14 

154,000 

42 

99 

2,175 

Transfused 500 e.c. whole 







blood. 

98 

3/10 

204,000 

45 

97 

2,400 

Hiopsv of node in neck. 

100 

3/18 

240,000 

39 

98 

2,580 

Sulfndinzino started, 135 grains 







in fir.'it 24 hour.“, tlien 2 Gm. 







overv 4 hr. 

99.0 

3/20 

311,200 

49 

99 
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.1/23. 
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.Snlfndiazine stopped, sulfntlii- 







av.olo started, 135 grains in 







first 24 hours, total 225 Gm. 
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30 
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0/ 1 
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0/ 3 
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1.450 

Sulfanilamide stopped. 
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0/ 4 
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99 
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0/ 0 
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Sulfanilamide started, 1 Gm. 







cverv 4 iir. 
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102 

0/ 8 
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0/ 9 
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101 

0/10 
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100 

0/11 

192,000 




Patient savs ho feels much 

100 

0/12 

159,000 




stronger. 

Up on reelinor. 

100.8 

101.8 

0/13 

0/15 

119,000 

104,500 

32 

98 

1,055 

Sulfanilnmido stopped. 

100 

0/10 





Discharged. 


tlirougliout body as well as cnlarsed liver and spleen. The mass on the Icr became definitely 
fluctuant and ivas incised and drained five days after ndnii.s.sion. In Tabic V are listed liis 
blood counts with bis treatment and progress. 

The patient ran a septic temperature ranging from 100.-J° to 102° for the first four days, 
after which it ranged between 97° and 101.° The glands in the neck decreased in size during 
Ids stay in the hospital. 

After the patient’s discharge from the hospital, the lymph nodes again enlarged and he 
grew progressively worse, dying in .Tuly of the same year. He did not receive any of the 
sulfonamides after leaving the hospital. 


DISCUSSION 

The first patient, suffering from acute lymphatic lencemia, reacted promptly 
to the administration of sulfanilamide and sulfathiazole by a drop in the total 
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while eells, followed hy elinieal iiuiirovcindnl from a moril)und stale to that of 
comparative health. (Jontrary to i)r(‘vaih'iifr tcaeiiin^s, tiie lymphocytes were 
decreased while the number of ncutro})hilc.s remained nearly constant. Because 
of tlie prolonged leiicoin'ina, it was thoujrlit best to discontinue tlic sulfonamides. 

Patient 2 showed the smallest hematologic change after the administration 
of sulfathiazole. He received only six Gm. over a foui-day period. The .sudden 
va.scular collapse after the administration of sulfathiazole is difficult to explain. 

The third patient lilco the first had the acute form of the di.sea.se and rallied 
from a nearly moribund state after sulfathiazole was given. The elinieal im- 
provement was marked. It is quite apparent that the drug should have been 
continued. 

The fourth patient, .suffering from acute lymphatic leucemia, was in ex- 
tremes on admission. He responded .so well to sulfanilamide that he was able 
to be diseharged from the hospital and w'as able to return to his .fob as janitor. 
On this admi.ssion he responded well to sulfathiazole but failed to show' any 
change when sulfadiazine was given. 


C0XCLUS10X.S 


It appears that certain of the sulfonamides may produce a rather sudden 
drop in the circulating lymphocytes in lymphatic leucemia. This does not oc- 
cur in myelogenousleueemia.’'’ That this reaction is not of a toxic nature is be.st 
indicated by the suddenness of the reponse and by the fact that there is usually 
an improvement in the patient’s condition. 

The suggestion of Stamps and Woods’’' that sulfanilamide may interfere 
'nth some ’’growth factor" inhibiting the development of bacteria is worthy 
of consideration. Is it possible that the drug acting in a similar manner in- 
hibits the multiplication of lA-mphoc-j-tes? If this is so, it is peculiar that .similar 
results do not occur in myelogenous leucemia, and that sulfadiazine failed to 
produce similar results. 

STJMJIARY 


Pour eases of leucemia are presented, all of which showed a drop in the total 
circulating h'mphoej'te.s, and in all but one, clinical improvement, after the ad- 
luinistration of sulfanilamide and sulfathiazole. 

nn n ^ acknowltage with thanks the klndne-sa of Dr. R. E. Ifiller for the- fo!Iow-un 

O'* Case I. and Dr. W'. D. Lind.say in allowing^ Ca.se Z to he pre.sented. ' ^ 
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THE EPFECT.S OF VATUOU.S INTEN.SITIES OF lAGIfT ON CICRTAIN 

LABOEATORV ANTJIALS® 


i\L\itK E. ]Mau.n, and 1a:\t:uni: If. ])omi;m;i!, Jl.I). 
DreritoiT, ilicn. 


I. 1 NTHODI.’CTION 

I T IS a coininoii belief llial, .suiiligh). and well-liglitod rooms arc lieallliful. 

Physicians and lay people assume that .sunlight and artificial light are not 
only hcncficial in the treatment and prevention of many diseases hut that they 
promote growth as well. But sunny dtiys and well-illumintited rooms create 
a desirable environment for most individuals so that the cFect of increased 
light on their well-being is difficult to measure. An obvious lack of control 
of one’s environment makes it yet more diftieuH to measure the efleet of light 
on the physical, as differentiated from the mental, liealth of a given group of 
individuals. 

Numerous studies have been made to show the value of ultraviolet therajiy, 
hut only a few studies have been made of the etfcci of visible light on the 
health and the growth of man and of c.\perimental animals."’ In our exiteri- 
ment we have attemjited to study the intlucnec of various quantities of visible 
light on the health, the growth, and the behavior of certain laboratory animals. 

II. KXI’EinMF.NTAI> ROO.M.S 

A. Room Constniciion . — Three animal rooms were constructed so that no 
exti’insic light entered them. The rooms measured appimimatcly 16 feet in 
length, 10 feet in width, and 9 feet in height. Animal cages were jilaced along 
one wall of each room, and over them lighting equijnnent consi.sting of hanks 
of fluorescent tubes attached to aluminum-covered rcticctors was sirspended ap- 
proximately 36 inches above the floors of the cages. The tluoresccnt tubes were 
intended to produce approximately 3 foot-candles in one room, 100 foot-candles 
in the second room, and 1000 foot-candles in the third room. The amount of 
illumination Avas measured on the floors of the animal cages. The rooms Avill 
he referred to as the 3, the 100, and the 1000 foot-candle rooms, although the 
levels of illumination did not ahvays reach or remain at the 3, the 100, and the 
1000 foot-candle levels (See Chart I). 

" ^rom tlie Department of Patlioloprj’. AVaync University Collcpe of Medicine. Detroit. 
Michigan. ^ Detroit Edison Company. 

Received for publication. April 21. 1343. 
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B. UyhiitKj . — "Wliito lluomsconl lamps were used in all tliree rooms to pro- 
duce the rc(iuircd illumination. The spectral quality of the light is .shown in 
Chart II. Three In-watt lamps wore .sufTicient to j)roduec 3 foot-eandle.s, while 
twelve 30-watt lamjis })roduced more than 90 foot-eandles in the second room. 
Sixty-four of the 40-watt lamps plus sixteen of the 30-watl lamps woj’C needed 
to produce more than 900 foot-candles iu the so-called 1000 foot-eandle room. 
The intensity of illumination was i7ic<isui’(m1 j)eriodieally with ii ^lacBefli illumi- 
uonicter. Weekly cleaning of the tluorcsccnt tiihcs to remove dust films was 
found to jirevent a reduction of light output. Some loss of light intensity was 
noted, however, as the tubes :igcd, and liihc rc[)lac(!i7icnts wc7-e 7icee.ssa7-y. 
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Nov. Dec. Jan. Feb, March April May June July 
Chart I. — Intensitj' of ll^ht on the floor of the animal cages. 

C. Animal Cages . — Animal cages were eonslraeted of thin wire (0.4 mm.) 
nie.sli (1 cm. sq.) Avhich permitted a maximum expos-ure to light; in .spite of 
this precaution, however, there was a loss of approximately 20 per cent as the 
light passed through the wi7’e me.sh. Mca.surements of light were made in.side 
the animal cages. Glass shields were placed as covers for the cages in the 1000 
foot-candle room after removal of the wire tops in an attempt to equalize the 
radiant energy in the 100- and the 1000 foot-candle rooms. The gla.ss shields 
Were used to absorb and di.s.sipate by convection a con.siderahle poTrtion of the 
long-wave radiant energv' given off by the lamps. The gla.ss covers reduced 
he radiant energj- intensity from 172 Briti.sh themal units pei- square foot 
per hour to 157 Briti.sh thermal units per .square foot per hour, which finiuYi was 
eon.S7dered comparable U, 144 British thermal units per .square foot per hour 
found in the 3 and the 100 foot-candle rooms. 

D Temperature anti //i/.wuVA'///.— Ventilation of the three rooms was main 
a7ned by a 3o00 c77bic-foot-a-mini7te fan pulling the warm air of the huildina- 
into the rooms through light-prrx.f ventilators and e.xhaustinr. it throu'-h 'o 
ourth outer room. The air inlets and exhausts were arranged to minimize drafts 
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on the animals and at the same lime to mainttiin a constant change of air in 
the rooms. The air velocity in the capres was aiiproximately 15 feet per minute. 
No attempt was made to control the air temperature or the humidity of the 
rooms except to avoid extremes. The tcm])cralure and the humidity arc re- 
corded in Chart III, the peaks seen in the humidity record hciiiji due to the 
washinp: of the floors and of the fluorescent tubes. 

In addition to continuous recording's of the temperature, fre(iuent tcm])ei“i- 
ture readings were taken fron» thermometers placed in the animal ca^es. In 
the early days of the experiment the temperature in the 1000 foot-eandle room 
ranpied from two to three dcfirecs eenlijjrade hifjhcr than in the other rooms, hut 
this elevation suhseciuently varied less than 1° (’. with imi)roved ventilation. 
Those tem])erature ditforenees wore noted after live to six hours of li<ihtinp:. 

E. Time of Espomirr . — The animals were exposed to the lip:ht in <iroups 
varying in size according to the available animal s])ace. The lights were turned 
on by a lime clock at G a.m. aiul turned off at G f.m. Tliis period was followed 
by total darkness. An effort was made to ex]>ose the animals from the youngest 
age at which they could be isolated to young adult life. Although most of 
the animals were placed in the experimental rooms at 4 to ,8 weeks of age, 
cockerels were placed in the rooms at 48 hours of age. The ])eriod of exposure 
of each animal varied with its health: infection often reduced tlie duration of 
the period, for animals were sacrificed if it np]wared that infection would be 
fatal. Healthy animals were sacrificed at the termination of an arbitrarily 
chosen growth period. 

F. Anvoal Care . — All animals were given suj>ej'ior care and attention. The 
cages were kept scrui)ulously clean, and .sick animals were promi)tly j>laced in 
isolation cages, where they contimied to receive, nevei-thele.ss, llie same exposure 
to light. A large Toledo scale was ]>rovided for weighing the ajiimals at four- 
to-five-day intervals. 

lU. AXIMAUS 

Guinea pigs, rabbits, rats, and leghorn cockerels were used in the study. 
The.se animals were used hecause of our familiarity with them and because of 
the case with which they can he handled. Since some of this group might be 
con.sidered nocturnal, there is some doubt as to the wisdom of the selection. 
]\Iany of the guinea pigs and rabbits were albinos, but there wore some mixtures 
of color. The rats Avere all albinos, and the chickens were all white leghorns. 

Animals of both sexes were used, and an attempt was made to obtain 
litter mates. There Avas difficulty, hoAvcA'er, in obtaining them, and even aa’Iicu 
the.A' Avere obtained, the destruction of a litter by loss of one or more animals 
made the consideration of litter mates of doubtful value in the final analysis. 
The cockerels Avere chosen indiscriminately. 

The animals received unlimited quantities of food from shielded hoppers 
Avhich Avere so constructed as to alloAv a minimum amount of food to be exposed 
to the light. The rats Avere given ground dog choAV, Avhile the rabbits and the 
guinea pigs received rabbit choAv. The chickens Avei’c given a varied diet con- 
sisting of chicken mash, cracked corn, sour milk, oyster shells, and occasionally 
some ground dog food. Water in unlimited amount Avas furnished to all ani- 
mals by means of continuous feed bottles. The Avater in the cages of the rabbits, 
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1700 


THE JOUKNAL. OF LAHOKATORV AND CIANICAE MEDICINE 


the guinea pigs, and the cliickcns was ncccssavily exposed to liglit, imt the water 
drunk by the rats was protected in J’eed bottles. Accurate ineasui-oments of tlic 
quantity of food and water eonsnmed wore not made, ])ut we iielievc tliat the 
amount of food consumed was apiiroximately the same in all rooms. More 
water was apparently consumed in the 1000 foot-caudle room. 

IV. KK.SUI/r.S 

A. General Behavior of Animals 

1. AciivUtj and Comforl . — The expeilmental animals were observed closely 
to determine whether there were any differences in their reactions to exi)osure 
to the vaiying quantities of light. In general tliere were only slight differences, 
and these were most evident in conqiaring the animals in the 1000 fool-candle 
room with those in the other two rooms. Hats exposed in the 1000 foot-candle 
room seemed at times to be apathetic, and it was noted tliat tlicy did not huddle, 
but tended to lie apart and niion their hacks. The rats were most aimthetic 
when the temperature in the 1000 foot-candle room exceeded that of the other 
rooms, so we attributed some of the differences in activity to the differences in 
temperature. Rabbits and guinea ])igs .seemed to be eijually active in all rooms. 
The cockerels in the 1000 foot -candle room had a tendency to pant more readily 
than the birds in the 3 and the 100 foot-eandle rooms. All experimental animals 
in the 100 foot-candle room were as comfortable and active as animals in the 
3 foot-candle room. Apparently the inten.sity of light docs not prove uncom- 
fortable to animals if the temperature is not elevated. 

2. Health . — The health of the animals was as good as could be expected in 
view of the fact that animal ciuartcrs were limited. In all I'ooms some of the 
rabbits developed numerous attaeks of .severe diarrhea a.ssociated with anorexia 
and marked loss of weight. Those infections proved to he highly contagious 
so that prompt isolation was nocc.s.saiy. Tliough a few of the animals succumbed 
to infection, the majority of them recovered without specific thcrafiy. The con- 
siderable weight loss by the rabbits during infection was promptly regained 
with improved health. 

The rats remained in excellent health throughout the cx])crimenl, and lo.ssos 
Avere negligible. Respiratoiy infections and snuffles Averc at a minimum AA'liile 
the groAvth and the gain in Avcight A\-erc constant . 

The guinea pigs remained in good health in all experimental rooms during 
the first ten to fifteen days of the experiment, but after this period they de- 
veloped shaggy hair, anorexia, diarrhea, muscle Avealvuess, and marked loss of 
AA'cight, and AA^ere sacrificed. We bclicA’c that the picture Avas similar to experi- 
mentally produced vitamin C deficiency. 

The cockerels Avere in excellent health throughout the entire cxjAorimont. A 
few of the unfeathered birds succumbed in the early days of the experiment 
because of Ioav temperature for chicks. Subsequently the chickens Avcrc 
vigorous and very active. Those in the 1000 foot-candle room panted Avith an 
elevation of temperature. 

3. Sensitivity to Light. — The experiment provided an opportunity for 
observing the reactions of the animals to high levels of illumination, Our 
daily observations should be of some practical value, for animals may be more 
sensitive to light than man. We paid particular attention to behavior, to at- 
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tempts to liidc, and to tho njijicaranco of the feathers or of the animals' skin. 
As far as we could determine, all animals apiiearcd to bo unaffected by the 
higli levels of illumination in the 100 and the 1000 foot-candle I’ooms. No 
attempts to hide from the light were noted. 1‘lxamination of the .skin of the 
animals revealed the eolor, tlie texture, and the vessels to be comparable in all 
rooms, and no evidence of abnormal ))ie:mcntation was present. The feather's 
of the chickens were normal to gross examination; the combs of the chickens 
in all rooms appeared to be iialer and larger than normal. This latter change 
was attributed to the minimal amount of ultraviolet rays present in the light. 
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Chart rv. — Record o£ the srowth of female rabbits. 

4- Growth. — Chai-ts lY through X fui-nish et-idence of the grorvth of the 
e-xpenmental animals. The rate of growth per day was considered a fair inde.v 
of the effect of the varying quantities of light upon the animals, and compari- 
son of the growth of aU animals in the 3, the 100, and the 1000 foot-candle 
rooms has been made. Only the animals that survived the experimental period 
• ncl those Imng sufficiently long to he significant are compared in the charts. 

f?a66iVs.— Examination of Chart lY reveals the groArth record of 9;? 
emale rabbits, an obviously small number. The m-owth period of 
'vn, v„-.n,„o bcc»„se ot the loss of soo.o of 
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average daily weight gain was i^vaetically the same; tl>e average gain of the 
animals in the 1000 foot-eandlc room, 27.04 grams, was only sliglilly greater 
than that of the animals in tlio 100 and the 0 foot-eandlc rooms, 25.62 and 22.63 
grams respeetively. The comparison of litter mates, as suggested before, did 
not prove to be useful. Only a few male rabbits survived the ex))erimental 
period so that any study of their relative growth would be of little value. In 
the course of the experiment it became evident that, the maintenance of health 
in rabbits in small (piarters is difficult. 



Chart V. — Reconl of the Krowth ot Biilnea pips. 


h. Guinea Pi{]s . — The 36 guinea pigs placed in the experimental rooms ap- 
parently developed scurvy so that for the ptirpose of this experiment the group 
was unsatisfactory. The healthy guinea pigs placed in the experimental rooms 
were given dog chow and were not allowed lettuce or similar food because of the 
desii’e to avoid an exposure of the food to light. As previously stated, the 
animals remained healthy for a period of ten to fifteen days, after which time 
they developed shaggy hair, some muscular weakness, and subsequently a marked 
fra"ilitv of the bones. Litter mates in all three rooms became sick at approxi- 
marelj' the same time. Since the pigs received no other food than the dog chow, 
we were of the opinion that they developed vitamin C deficiency. Analysis of 
Chart V shows that the guinea pigs were in the experimental rooms approxi- 
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matcly two M'ccks. Tho. l)rioC cx])osure period and the vitamin C deficiency 
present make comparison of tlicse animals unsatisfactory. Tlie average daily 
weight gain during their growth period M-as 3.08 grams for the male pigs in the 
3 foot-candle room and 3.3!) and 3.15 grams respectively for the male pigs in 
the 100 and the 1000 foot-candle rooms. Similar small differences were noted 
in the female ]>igs. hut the gain was greatest in the 3 foot-candle room and 
smallest in the 1000 foot -candle room. A comparison of the litter mates showed 
mcle variations in the average weight gain (Chart V). 



Cliart A’l. — Record of the growth of albino rat.<!. 


Tha^ The 56 rats proved to be satisfactory animals in this experiment 

ancl remained in good health throughout the experimental period’ 

"^ost of them were sacrificed after being in the e.xperimental rooms aS- 
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mately fifty days. Chart VI gives a comparison of tlie growth of the 41 mule 
rats. It reveals that the average daily weight, gain of the male rats in the 
3 foot-candle room (2.61 grain.s ])«* day) c.xeecded that of the male rat.s in the 
100 foot-candle room (2.33 grams) and that of the male i-ats in liie 1000 foot- 
candle room (2.12 grams). A similar trend is noted in the small group of 
female I’als. Tlie average daily weight gain in the 100 and the 1000 foot-candle 
rooms was less than that in tlie 3 foot-candle room. A comparison of litter 
mates likewise reveals a tendency for litter mates in the 3 foot-candle room to 
gain more per day than litter mates in the 100 and the 1000 foot-candle rooms. 
The avei’age daily weight gain of eacli rat is shown graphically in Chart VII. 
From a study of this chart it is evident that few animals Jn the 1000 foot-candle 
room gained as much as the animals in the 100 and tiie 3 foot-candle rooms. A 
study of the growth curves in Chart VIII .shows the growth of animals was 
relatively uniform throughout, the experimental iieriod. From this chart one 
would as.sume that the henefieial or harmful effect of varying quantities of light 
was not evident in any particular period of the experiment. 

(1. Chicl-ois . — A few chicks died in the early days of the experiment, ])roh- 
ably because of relatively low temperatures for nnfcatliercd birds, and the hens 
were discarded from the experiment when they were identified. The remain- 
ing 56 cockerels were exposed for apju’oximatcly eighty-throe days and thcJi 
sacrificed. The health of all birds was good throughout the experiment. 

A comparison of the growth of the chickens is tabulated in Chart IX. The 
cockerels in the 3 fool-candle room gained lc.ss (T.Sfl grams) than those in the 
100 foot-candle room (S.07 grams) and more than those in the 1000 foot-candle 
room (7.47 grams). Chart IX indicates that the difi’erent levels of illumination 
in the experimental rooms did not produce significant variation in the rate of 
growth of cockerels. Chart X reveals the growth curves of the cockerels to be 
similar. 

B. Specific Ohservadons of Animals 

1. Fi/cs.— The eyes of the animals were frequently okserved to study the 
effect of various quantities of light on the conjunclivae, the uink reflex, and 
the fundi. Examination of tiic eyes was done carefully because any possible 
damage due to light could be more readily defected in the eye than elsewlierc. 

The conjunctivae of the animals in all rooms were normal to gross exam- 
ination, There was no tendency of any of the animals to blink frequently or to 
close their eyes in an attempt to avoid llic light. 

Fundoscopic examinations were done on a number of rabbits, and several 
were found to have increased pigmentation resembling chorioretinitis. Tiicse 
animals, however’, were not examined until after they had been exposed to the 
light, and the pigment may have been present prior to tlieir exposure to light 
in the experimental rooms. In two rabbits a clouding developed in the media, 
making a clear view of the fundi impossible. Slit-lamp examination of one 
localized the difficulty in the lens; the other animal died of infectious diarrhea 
before examination. The fundi of two litters of rabbits, six animals, were 
studied before their exposure to light in the experimental rooms. Although all 
six rabbits rvere albinos, a few pigmented hairs were found on the tips of their 
tails and on their ears, and some of the group were found to have partially 
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pigmented fundi. Tlie amount of iiigmcnt in the fundi flid not increase in any 
of those rabbits after tl]cir exiiosurc to light in the 3, the. 300, or the 1000 
foot -candle room. It, was noted that normal black j’abbits hav(; a large amount 
of pigment in their fundi; hence the presence of pigment after c.xiiosnrc to 
light need not lie considered abnormal. 

The examining ophthalmologist, Dr. Frances ^lacC'raken, could find no 
evidence tliat tlie eyes of tlic rabbit.s were injured liy higli levels of illumina- 
tion, but further study on this subject should be done. The eyes wei-e removed 
for hi.stologie examination. 


Averaqe v/t'iolil qain per day »n 
3.0 ^.0 5.0 6.0 7.0 80 9.0 » 0.0 



2 Hair and Featli-crs . — The hair and the feathers of the experimental ani- 
mals in the various rooms were compared. No differences could be detected in 
the texture the length, the thickness, and the coloi- of llic hair or the foathei's. 
The hair of the shorn rabbits and guinea pigs, however, was found to grow 
most rapidly in the 1000 foot-candle room and least rapidly in the 3 foot-candle 
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room (Fifis. 1, 2). ^l:uiy riibliits won; repealodly shorn to f;lu3c;k this ohscrwi- 
tion. Tlie variation was constant in litter mates. Numerous biopsies of the 
shorn areas were taken for liistolofiiic stiuly. 

3. lAihoraioryj Pi'ocrrhirrs . — Only a few laboratory studies were made. 
Ilcmoglohin determinations and blood smears wei-e made from a few rats, a 
few rabbits, and some chickens. Both hemojrlobin levels and blood smears Avere 
found to be normal and comparable in animals from all the o.xpcrimental rooms. 

C. Anfopay Stndicx . — Antoirsies were done on all animals. The ma.iority 
were sacrificed at the end of the experimental period, but a few died in the 
coiu’se of the experiment. 

1. Gross SiiuJics . — Babljits and rats showed no significant gross variations; 
occasionally a few small areas of bronchopneumonia were noted. Examination 
of guinea pigs revealed extensive hemorrhages into the muscles of the hind legs 
and e.xtreme fragility of the bones. The remainder of the organs were essen- 
tially normal to gross inspection. The chickens were found to be normal on 
gross examination. 



2. Microgcopnc Htudies . — Sections from all organs Avere placed in 10 per 
cent formalin, sectioned, and stained Avdth hematoxylin and eosin. Pieces of 
one (the femurs Avere usually selected) Avere decalcified for microscopic .studv 
and skin sections and skin biopsies Acere prepared from all animals. Examin'a- 
lon of the prepared slides did not reveal any .si,gnificant changes in the orrmn.s 

ts and the muscles of guinea pigs revealed findings similar to fhocr 
-usly described in experimental scurvy.^-^- Skin bionic. Tat'n from 
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in the experimental rooms revealed a lew lymphocytes around some of the vessels 
of the corinm. The number and the distribution of the lymphocytes did not 
vary according to the exposure of the animals to different intensities of light. 


V. niscu.ssiON 

A. ITcaJfh . — Physicians frequently advise increased exposure to artificial 
light and sunlight, but the evidence supporting the benefieial effects of light 
has been questioned (Clausen).'’ Altbough many clinical and some laboratory 
experiments call attention to the value of light, by which are most often meant 
rays of less than 3300 angstroms, most clinical and laboratory studies have 
.shown that man and animals arc able to continue in good health under restricted 
amounts of light if they are provided adequate diets. 

Pearce and Van AllciP'’ found evidence that tlic health of rabbits was not 
impaired by darkness, but that the rabbits cxjiosed to constant light gained 
more weight than the unexposed group. From ])ost-mortem observations they 
found no evidence that spontaneous lesions occurring in the exjierimental ani- 
mals were related to the amount of light to which they bad been exiioscd. 
Mackay"’ could tind little evidence that infants exiioscd to mercury vapor 
quartz lamps grew faster or were in belter healtli than a control group of chil- 
dren. 

The anemic appearance of those living and working in poorly lighted homes 
and factories docs not always indicate poor health. Little anemia has been 
found in animals working in miuos."'. Pats placed in dark rooms were found 
to have a decreased number of blood platelets, but, their general health remained 
good." Laboratory studies on animals subjected to long periods of darkness 
have shovm very little variation in the hemoglobin percentage or in the red 
cell count if the diet was adequate. Dogs placed in darknc.ss for brief periods 
have shown an initial decrease in red blood corjuiscle counts but a subsequent 
quick return to normal. Clinicians, on the other hand, have observed a rapid 
increase in hemoglobin and in I'cd blood cells in anemic individuals exposed to 
solar and quartz merciny lamp radiations. Jliles and Lauren.s”'’ have shown 
that irradiations of anemic animals with ultraviolet rays are followed by an 
increase in the cellular elements and in hemoglobin; in this study, liowever, 
the changes were pi’obably minimal and insignificant. 

The general belief that inerea.sed quantities of light ])crhaps produce better 
health has led to the use of artificial light in the treatment of wounds and in 
the prevention of infections. Sunlight has been found to retard the growth of 
bacteria," and ultraviolet radiation is advocated to reduce the frequency of 
infections in hospital operating rooms.’"- =” Hill and Clark," however, were 
unable to show that ultraviolet rays arc beneficial to rats infected with pneu- 
mococci. In recent .studies Buchbindcr, Solowey, and Phelps^ report the effect of 
various types and quantities of light on the growth of several strains of strepto- 
cocci. They found bright sunlight to be a more powerful lethal agent on growing 
bacteria than daylight or artificial light. Their experiment indicates that the 
lethal action of light on bacteria is somewhat proportionate to the quantity of 
light and is related to the spectral quality of the light. The authors suggest 
that the suppression of the growth of bacteria by light may play an important 
role in the control of upper respiratory tract infections. 
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Fie. 1 — Litter mates from the 3. the 100, and the 1000 foot-candle room» 
Photograph taken five days following shaving. 
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Observers disagree concerning Ihe ofi'cct ol’ liglit on tlie liealing of ex- 
perimental wonnds. Cobnrn and Oowles' found that ox])erimcnlal wounds of 
rats heal as well in darkness as in sunlight. On the otlicr hand, Leo and 
Vaucher-'’ and other experimenters as well Imvc shown that wounds expo.sed 
to sun heal better than tliose covered, t’rile'’ found arlifieia! liglit from Maxda 
lamps a helpful ad.iunet in the treatment of wounds, but tlie beneficial effects 
in this instance could be due to the increased lieat. Clausen.'' after carefully 
considering controlled clinical studies and laboratory experiments, expressed 
doubt that light favors growth ;uid promotes resistance to infections. 

B. Gron'th. — ^To.st investigators have found evid<‘nee that sunlight and 
artificial light .stimulate the rate of growth of man and of experimental animals. 
This observation lias jiroved of ]>raetieal value in that chicks are often exposed 
to artificial light during their growth period.-*’ In reviewing the re])orted ex- 
periments on the com])arative rate of growth, one finds that inv&stigatoi-s have, 
usually compared the growth of animals in darkness or in minimal light devoid 
of ultraviolet rays to the growth of animals exposed to sunlight or to artificially 
produced ultraviolet rays. 

Wade Brown^ jilaccd groups of normal rabbits in an experimental room 
in which noon tubes were added to ])roduce 20 to .'>0 foot-candles of light. The 
rabbits in this room gained more weight than other rabbits grown in a dark 
room and more than rabbits grown in sunlight. In this experiment two groups 
of animals were expo.sed to ultraviolet rays while the f|uantity of light in the 
group oxjio.sed to .sunlight is unknown. In comparable studies albino rats grown 
in darknc.ss were found to grow more sbnvly than rats grown in sunlightr'’’ 
and rabbits exposed to 42o foot-candle illumination were found to gain more 
than rabbit.s grown in dark rooms and in control rooms.*" Bovio*' noted that 
chickens that were raised in .sunlight i)a.s.sed through a glass roof (probably 
devoid of ultraviolet rays) grew poorly com])ared to chickens raised in uninter- 
rupted sunlight, and Borissow- found that dogs and rabbit.s grew better in ade- 
quate than in dim light. 

Degkwitz’^ found that juipiiies raised in darknc.s.s ajipeared to be as healthy 
as control animals, but they showed a measured im])ovcri.shmcnt in total a.sh, 
calcium, phosphorus, and magnesium. In a study of the growth of rats on 
deficient diets, Ooklblatt and Soames’' found that the rats irradiated with 
quartz mercun- lamps grew more than the nonirradiated animals. 

Northrop^" calls attention to the fact that most reported exi)erimcnts fail to 
show the effect of various quantities of light on the rate of growth of experi- 
mental animals. He exposed imagoes to varying intensities of light and di.seov- 
cred that there was no change in the rate of growth in intensities up to 600 
meter candles, but he found that above that level the length of life of the 
imagoes decreased rapidly. After exposing Hies to 10.000 meter candles, North- 
rop found their life span to be only 3.9 days com])ared to an average of 13.5 
days for Hies kept in the dark. He was unable to find evidence, however, that 
the absence of light in 230 generations had any effect on the duration of life or 
on the ability of the flies to resist infections. Higgins and Slicard”^ noted that 
fro"s exposed to quartz mercury lamps were stimulated in the first twenty-four 
hoin-s Intt that subsequently they showed a retardation of growth. 
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111 a Study of 100 hcallliy cliildrcn Frank"’’ was unable to correlate the 
growth periods with teniperaturo, precipitation, or tlic amount of sunlight to 
which the children were exiiosed. Clinical studies arc unsatisfactory because of 
the many factors beyond the control of the observei-. 

In our study we could find no evidence that an increased amount of light 
devoid of ultraviolet rays lU’omotcs growth. High levels of illumination, 
however, aiiparently in-oduce no unfavorable influence on the health of experi- 
mental animals. 


-ItfJ 





• m. 2. Litter mate.s from the 100 and the 1000 foot-candle room."! four day.*! after shavin? 

C. Eyes . — Artificial light rarely produces clinical .sj-mptoms or pathologic 
s, but light improperly directed may be uncomfortable to the eye and in 
CM Instances produce severe damage. Overstimulation produced by a eon- 
s ant bright light is thought to resmlt generally in only physiologic fatigue and 
the' seldom in any detectable ti.s.sue damage.'" The action of light upon 
10 eie has been shown to be dependent on its wave length and on its inten.sitv.’^ 
co^ radiations, 31.50 angstroms or lc.ss, are largely absorbed by the 

the lens while the radiations of the visible spectrum are more likelv 
noted to the retina. ConjunctiA-al and coiueal lesions have been 

Mhen the eye was exposed to strong radiations from artificial illuminants 
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as mercury quartz lainjis, or •vvlien tlie eye mus exposed to rettcctcd suidigtit. 
Very long wave lengliis may produce damage to all layci's of the eye, the damage 
varying in degree -with the intensity of the incident, illumination and with the 
boundaries of transmission and absorption found to be differont in different 
individuals. It is believed that the human eye is more transjiarenl in the 
visible range than that of most noeturnal animals. 

D. Sexual Maturity . — It i.s a eommon belief that nalive.s in llio tropics 
mature earlier than individuals living in temjierate zones. In a careful clinical 
study Sundstroem^- found that Anglo-Saxon girls in the tropics reached maturity 
at approximately the same age as girls in Kngland; hence he believes that early 
maturity is a racial characteristic. Exiierimental studies, however, indicate 
that exposure to increased (luantitics of light jiroduecs early maturity and an 
increased size of the endocrine glands. 

Fiskc’l^ raised groups of immature female rats in darkne.ss, ordinary light, 
and continuous light. She noted that the immature female rat.s kept in light 
from birth or from the twenty-first day of life came into sexual maturity .some- 
W’hat earlier than rats gromi in ordinaiy laboratory light and much earlier than 
rats gi'own in complete darkne.ss. In her group of males Fiske found at autopsy 
that the pituitaries. the testes, and the seminal vesicles were largest in the rats 
exposed to the maximum ((uantity of light. The difl'erence in size was seen to 
be bo greatest at loO days; after 150 days the weights of the organs became 
comparable to the weights of organs from rats raised in dark rooms. Fi.skc 
points out that her study indicates a stimulating effect by light on the ]>ituitayics 
of both male and female rats. Lack of light, in her ojiinion, favors a decrease 
in follicle-stimulating hormone and an increase in luteal liormonc in the female. 
Similar conclusions were reached by Daw.son”' in a study of eats tind by Benoit;’ 
in the latter's study the testicles of immature ducks sliowed a raj)id increase 
in size proportionate to the amount of illumination to which they were expo.scd. 

In our study no careful obsen-ations were made to determine the relative 
time of development of maturity of animals cxi)osed to different quantities of 
light. At post-mortem careful studios of the organs of the endocrine system 
were not made, but no gross deviations Averc seen in the various rooms. 

E. Hair Growth . — An increased rate and amount of hair growth has been 
noted on the arms of attendants working in solariums. Brown-* found that 
shorn albino rabbits exposed to noon lights showed an active ])roliforation of 
hair follicles, while rabbits living in the dark showed delayed, incomplete, or 
irregular growth. He attributed the effect to ultraviolet radiations. 

Sundsti-oem,^'’ after carefully measuring and weighing his clipped hair and 
nails, found that they grow 10 per cent more slowly in the tropics. He indicated 
that a slower rate of growth Avould be expected in all furry animals in warm 
climates. 

Wo Avere able to confiim the findings of BroAvn-* in that our shaved animals 
shoAved a more rapid hair groAvth AA-hen exposed to increased quantities of light. 
We did not, hoAvever, find a proliferation of hair follicles in the sections of skin 
taken by biopsy or obtained at autopsj'. We believe the stimulus for increased 
hair groAVtb may be central rather than peripheral. 

F. Post mortems . — Careful post-mortem studios Avere reported by Pearce 
and Van Allen®^ of animals exposed to mercury quar'tz vapor lamps. The 
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organs of rabbits in the light rooms weighed less tlian those of rabbits in the 
control rooms. Small lesions noted in the organs were considered in.signifieant. 
Other studies of animals after exposure to light showed no differences in the 
organs of animals exposed to various riuantitics of light. 

At tlie iTUtopsies of tlie animals in onv experiment gross inspection showed 
no differences in the organs of animals from the 3, the 100, and the 1000 foot- 
candle rooms. In a few animals small lesions were found in some organs, 
hut they were irregular in distribution and did not appear to have any relation 
to tlie amount of light to which tlie animals had been expo.sod. Examination 
of slides prepared from the different organs showed them to be no different 
from the organs of control animals. One could conclude that varAung quan- 
tities of light produce no obA'ious tissue damage. 


AT. SUALArARY 

Groups of rats, rabbits, guinea pigs, and chickens AA’cre exposed to different 
intensities of light in three expei-imental rooms. The animals received unlimited 
quantities of similar food in each room, and all Avere exposed to light an equal 
length of time daily. All animals Avcrc obseiwed frequently to note any differ- 
ence in behaA’ior due to exposure to A'arious amounts of light, and each animal 
was Aveighed frequently. 

Animals Avere sacrificed at the end of an arbitrarily chosen experimental 
period if they had not died of an intercurrent illness. Autopsies Avere per- 
formed upon all animals, and tissues Avere obtained for microscopic .study. 

The health of the animals in the 3, the 100, and the 1000 foot-candle rooms 
was approximately the same. No differences in behavior of the animals could be 
detected, and the gain in Aveight of the various animals in the different experi- 
niental rooms was approximately the same. There Avas a noticeably inerea-sed 
rate of hair groAsTh in animals exposed to higher intensities of light. Autopsy 
e.xaminations revealed no unu.sual differences in the organs of animals exposed 
to various quantities of light. 


ficctnun. Boston il. 
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UREASE ACTR’ITV OF IMJOTFUS AND SAOIONELLA ORGANISMS® 


W. "W. Fi-uoi:sox, Pii.D., and A. E. Hook, Pu.D., Lansing, 1\Iicii. 


O NE of the most important details of routine enteric bacteriology is the sep- 
aration of nonpathogens from pathogens in the process of cultural elimi- 
nation. It is usual for bacteriologists to transfer isolated colonies from differ- 
ential plate media to trijile or double sugar .slants and judge from the reaction 
of the slants whether or not the organi.sms should be .studied further. In the elim- 
ination process the greatest trouble to the worker results from those organisms 
ivhich produce an alkaline surface on the slants, an acid butt and gas. 

There are several possibilities as to the identity of such an organism. It 
may belong to the paracolon grouj), eon.sisting of slow lactose- and sucrose- 
fermenting organisms with general coliform characteri.sties. It may belong to 
the protcus group whose members are nonlactose-fermenting, display a variable 
ability to ferment suei'ose, and who.se swarming tendencies are inhibited on dif- 
ferential media. It may belong to the genus Salmonella. 

Among those working with animal fecal pathogens, the problem of separation 
of Proteus bacteria from Salmonella-like organisans is particularly' burdensome 
because of the many Proteus strains encountered. 

A te.st for swarming will prove of eon.siderable value in discovering Proteus 
strains but, unfortunately, such a tc.st is not entirely reliable. A .small percent- 
age of Proteus organisms have no ability to swarm ; .some Proteus strains are 
not highly motile and give an inconclusive reaction on two per cent agar. It 
has been our experience that some Salmonella .strains on moi.st agar simulate 
the swarming actirtty of Proteus. 

It is known that the urease activity of Proteus organi.s-ms and the nonurea.se 
aeth-ity of Salmonella prortdc a method of .separating the commonly encountered 
members of the genus Proteus from organi-s-ms of the Salmonella group. 

Numerous investigators have attc-s-ted to the urea-decomposing ability- of 
Proteus organi.sms. Of particular interest arc the ohseiw-ations of Moltke^ and 
of Rustigian and Stuart^ who have made exfen.sive studies on urea decomposi- 
tion. Moltke examined 194 strains of maltose-fermenting and nonmaltose-fer- 
menting strains of Proteus and found that all attacked urea. In 1941 Rustigian 
and Stuart= reported that all members of the genus c.xcept Profeiis IvjdropMlus. 
Profeu.s ichUiyosmixui, and Profciis bombijcif; were capable of decomposing urea 
wth formation of ammonia and subsequent production of alkali. They agreed 
with St. John-Brooks and Rhodes’- that Prottuf; JujdrophUns and Proleun ich- 
fbtjosinhis: should he excluded from the genus. Ru.stigian and Stuart would 
also exclude Protects bornbyevi from the genus for its inahilitv to decompose- 
nrea. 

The paracolon gi-oup of organisms has apparently- not been studied for 
nrea.se actirtty except by .-t.shworth'' who tfrsted 30 paracolon strains and found 
them n nnhlc to attack urea. 

ihf: iJurr-rtu of I.^nboratorl^^, Mlchliran of 

nfCfWf.(\ for puM lent Ion, Mny lOJrj. 


iTjr, 



Tin: .lorii.v.vn or i.-mioratoky aS'd cuNiCAn J(i:i)rcr.vi: 


ITIC 


According to oriniiiisms <ii' tin: Trilio Sjiliiioncllf.'io do not hydro- 

lyze UlTil. 

In a study <m Sahnoiu'lliasis in ini’ants, Ilonnaoclu! and Pelufi’o'' described 
a simple medium eonsistint!: of isimmon's u!i:ar plus urea which they employed 
for difL’eventialin^ Proteus and Salmonella <ir'rauisms. They stated that, the 
latter exert no action on the. urea. 

In our search of the literature we have been unable to find a comprehensive 
list, of Salmonella strains which Imve been examined for urease aedivily. It is 
the purpose of this pajier to supply such a list in the bo])e that other workers 
will be encouraged to use a test for decomposition of urea as an aid in enteric 
bacteriology. 

MKin.v 

Three media were used in testing the organisms listed in this jaiiier. 

Formula 1 was the synthetic medium of Ilustigian and istuart,* containing 
2 per cent urea (Baker’s. C.P.),* 0.0] per cent yeast extract (I)ifco), and M/15 
primary and secondary jdiosphate buffers (.Sorensen) in distilled water to give 
a final pIT of G.S. Sterilization was obtained by filtration through Seitz, pads. 

Formula 2 was devised in our laboratory. Its ingredients were as follors's; 
2 per cent luoa (Baker’s. C.P,), 0.1 per cent KIL PO.,. 0.1 per cent KJIPO^, 0.5 
per cent NaCl and 1.0 per cent elliyl alcohol (!)5 jier cent). The ]ill was ad- 
justed to 7.0. Sterilization was accomplished by filtration through a Seitz, pad. 

Both media were disjiensed in .3 to 5 e.e. amounts in sterile 5 x % inch 
eullurc tubo.s. 

Formula 3 was the solid medium of Ashworth* disjiensed in the form of 
slopes. Its ingredients were: agar 2.5 ])er cent, distilled water. KJTPO< 0.1 
per cent, CaCL 0.01 per cent. Mg So,. TII./) 0.01 per cent, NaFl 0.01 jier cent, 
FeCl, 0.001 per cent, beef extract (Difeo)! 0.5 per cent, brom thymol blue 
(1.5 jier cent) 1 per cent, and urea 2.0 per cent. All ingredients, except urea, 
were dissolved in distilled water, and the base was sterilized by a temperature 
of 121° C. for twenty minutes. .SufTicient 20 ])er cent urea solution was added 
to make a final concentration of 2 per cent urea. 

Mi',Tnon or tustinu 

Organisms under test for urease activity were inoculated by loo]) from a 24- 
hour growth on veal infusion agar slants to the liipiid media of Formulas 1 and 
2 and to the slanted surface of Formula 3. After incubation for 24 houi-s at 
37° C. the liquid media were tested for formation of (NHJ^L’O, by the addition 
of several drops of brom thymol blue indicator. An intense blue color was 
accepted as evidence of the breakdown of urea with formation of alkali. The 
solid slants of Ashworth's medium (Forimda 3) were observed for change in 
reaction 24 hours after inoeidation of test organisms. 

TEST ORGANISMS 

Thirty strains of Proteus from animal and human sources were tested for 
urease activity. Their reactions in urea media are given in Table I. Seven of 

•RustiBian and Stuart specified Merck s urea. 

■fAshworth speciHed Eetiico beef extract. 
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the culluvcs eainc orifiiiKTlly from the Amci'ic.in Tyjic Culture Collection; 
however, of the.se. Proicus hudrnpliihu^; I and II did not possess the character- 
istics of this species. /’. Inidropliilns I ‘rave the biochemical reactions of Proteus 
vukiaris, with the cxceiition of rapid "clatin liquification ; P. lujelropMlus II re- 
semhlccl Proteus jnirnhilis in its reaction. Both orfrani.sms produced swarming 
on 2 per cent agar. The Proteus strains from animal .sources were obtained from 
the collection of !Mr. C. "W. Darby of ^Michigan State College. 

Taci.e I 

Reaction of I’r.oTF.vs Oeoanism.s in Three Urea Media 


FORMULA 1 

CULTURES SOURCE (RU.STIOIAN FORMULA 2 

AND STUART) 


S (79 P. mir.'ibilis 
S1002 P. mirabili.s 
P. liytlropliihis I* 
P. bydropliilus 11* 
P- ichtliyopmiup* 
SlOOS P. mirabflis 
S 771 P. mirabilis 
S 911 P. mirabilis 
S1149 P. mirabilis 
Slop p. mirabilis 
S 373 P. mirabilis 
S 983 P. mirabilis 
S1021 P. mirabilis 
S1161 P. mirabilis 
P. mirabilis I* 

P- mirabilis II* 

P- ammoniac* 

Sinno “'•■abilis 
SlOOo P. mirabilis 
aniericaniis* 

S po P. mirabilis 
mirabilis 
D in' mirabilis 
s ooc mirabiUs 
^ 926 P. mirabilis 
Protons 0X19 1 
Proteus OX Kt 
Proteus vulgaris ( 
Pro eus ^-ulgaris : 
l!2i!Hlvpgaris (: 


Dog 

Monkey 


Monkey 

Dog' 

Turkey 

Monkey 

Monkey 

Dog' 

Dog 

Monkey 

Monkey 


Pig 

ilonkey 

Dog 

Monkey 

Dog 

Monkey 

Turkey 


Human 

Human 

Human 


Alkaline 

Alkaline 

Alkaline 

Alkaline 

Neutral 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 


Alkaline 

Alkaline 

Alkaline 

Alkaline 

Neutral 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 

Alkaline 


American Type Culture Collection. 

I- ich. Dept. Health Stock Culture Collection. 


FORMUL.U 3 
(.tSHWORTH) 

Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline surface 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
AJkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 
Alkaline throughout 


f ^^ble II are recorded the reactions in urea media of thirty-eight strains 
° > almonella obtained also from Mr. C. W. Darby. All strains came originally 
ha^ ^ ^<i''''ards of the Univei-sity of Kentucky. Since these organisms 

undergone several transfers .since their initial typing, their Salmonella 
aracteristies were checked by us. None of the organisms fermented lactose or 
rose, produced indol or liquefied gelatin. All were gram-negative and motile. 

In Table III are recorded the reactions in urea media of thirty-seven Sal- 
one la strains obtained from the stock culture collection of the Michigan De- 
^ar ment of Health. jMany of the organisms were identified by Dr. P. R. 
^ identity of the others was vouched for by the curator of stock 

hation'^^' Bourn. All of the cultures were tested, however, for femen- 

^on of lactose and sucrose, production of indol and liquefaction of gelatin 
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gram Klainiiig (lualitics and motility. All of tlio organisms Avero Salmonella-like 
in their reactions. 

In Table 1 it will be noted that all Proteus strains show evidence of de- 
composing urea with the exception of rroicns icldhiiosmhis. This organism 
])roduccd a neutral reaction in Formula 1 and 2 and an alkaline slant surface 
in Formula 3. Ashworth's medium. Other Proteus organisms i)roduced a deci) 
blue color throughout Ashworth’s medium. 

T.vm.K U 

IfKACTIOS or TlUliTY-KlOlIT RAl.MOXr.I.t.A JSxilAINS IN UUKA ^^rl>IA 



si'KCir.s (i: 

roUMFI.A 1 
I'.STInlAN AND 
STI’Ain) 

VnilMIM.A 2 

rfif:.Mrr.A 

(ASHWOCTir’.S) 

gS4 

A 

8. jHiriitjiiihi (15) 

Xeutrnl 

Xeutrnl 

.Mknline surfneo 

274 

B 

•S', typhi muriiirn, Vur. 
Copcnlniai'n (19500) 

Xcutrnl 

Xeutrnl 

.Alknliiie stirfiu'c 

278 

B 

S. hri.ihnn/ (lO.'il) 

Xeutrnl 

Neutral 

Alkuliiie “Urfnce 

2S1 

B 

8. schnUmiirllrri 
(A.M.B.) 

Xeut nil 

Xeutrnl 

.Vlknliiic surface 

282 

B 

8. ohnrtivorniuiiui 
(WII,) 

Xeetrnl 

Xeutrnl 

Alknliiie stirfare 

288 

B 

8. derhy (5729) 

Xeutrnl 

Xeutrnl 

Alknliue surface 

285 

B 

.8. lyphi niiiriinn 
(M. 191.871) 

Xeutrnl 

Xeutrnl 

.Mkaline surface 

287 

B 

.8. enlifnrnin (<'!il. 55) 

Xeutrnl 

Xeutrnl 

•Alkaline surface 


B 

8. sriiotl mKcUcri 

Xeutrnl 

Xeutrnl 

.Mkaline surface 

870 

B 

8. schditmuclhri, A'nr. 
Odcniic 

X'eul rnl 

Xeutrnl 

.Mknline surface 

877 

B 

8. typlii jntiriiiiii 

Xeutrnl 

Xeutrnl 

.■Mknlino surface 


B 

8. typlii murium 

Xeutrnl 

Xeutrnl 

Alknline surfaee 

880 

!B 

8. hciilcihrrii 

Xeutrnl 

Xeutrnl 

Alknlino surfaee 

275 

c 

8. m Ilf 11 (die 11 (425) 

Xeutrnl 

Xeutrnl 

Alknline .surfnee 

27(5 

c 

8. chnlcrar suix (1348') 

Xeutrnl 

Xeutrnl 

Alknline surfnee 

279 

c 

8. chnlrroe .sio.v A'nr. 
Kunzendorf (1718) 

X'eutrnl 

Xeutrnl 

Alknline surface 

28G 

c 

8. nvuporl (1!'7) 

Xeutrnl 

Xeutrnl 

Alknline surface 

29(5 

c 

8. harU'Uy (Iv.L.) 

Xeutrnl 

Xeutrnl 

Alknline surfnee 

290 

T> 

8. yaliinarum 

Xeutrnl 

Xeutrnl 

Alknline surfnee 

202 

D 

S. cntcritidix (205) 

Xeutrnl 

Xeutrnl 

Neutral tlirouplioiit 

352 

D 

.8. rostock 

Xeutrnl 

Xeutrnl 

Alkaline surfnee 


D 

8. moscow 

Xculral 

Xeutrnl 

Xeutrnl throughout 

854 

D 

8. hU’gdam 

Xeutrnl 

Xeutrnl 

Alknliue surface 

355 

T) 

8. herta 

Xeutrnl 

Xeutrnl 

Alknlino surfnee 

289 

E 

8. tirnftcuiirrn (5705-1) 

Xeutrnl 

Xeutrnl 

Alknline surface 

293 

E 

8. anatum (M.C.M.l) 

Xeutrnl 

Xeutrnl 

Alknline surfnee 

294 

E 

8. new hrunswick 

Xeutrnl 

Xeutrnl 

Alkaline surfnee 

295 

E 

8, (five (81(1) 

Xeutrnl 

Xeutrnl 

Alknlino surfnee 

872 

E 

E 

.8. melfayriilm 

Xeut rn! 

Xeutrnl 

Alknlino surface 

373 

S. (lire 

Xeutrnl 

Xeutrnl 

Alkaline surface 

28S Additional 

,8. kcntucky (IS) 

Xeutrnl 

Xeutrnl 

Alknline surfneo 

291 

Additional 

8. worthinyton 
(Minn. 89) 

Xeutrnl 

Xeutrnl 

Alkaline surface 

358 

Ailditional 

8. carrau 

Neutral 

Xeutrnl 

Alknline. surface 

298 Additionnl 

8. minnesota (Minn. 2) 

Ncutml 

Xeutrnl 

Alknlino surfnee 

359 

Additional 

8. ovdrrstrpoort 

Neutral 

X^cutrnl 

Alkaline surface 

350 

Additional 

,8. aherdeen 

Xeutrnl 

Xeutrnl 

Alknline surfnee 

357 

Additional 

8. pnona 

Neutral 

Xeutrnl 

Alknlino surfnee 


It Avas conjectured that the reaction of P. ichthijosmins in Ashworth’s 
medium Ava.s due to tlie breakdown of nitrogenous substances in the meat ex- 
tract component. All of the Proteus strains were therefore inoenlated onto Ash- 
Avorth’s medium minus urea and Avere found Avith no exceptions to produce 
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alkaline slant surfaces but 110 reaction in the butt. Uninocnlated controls Avere 
unchanged by incubator temperature. 

The possibility of misinterpretation of reactions on this medium was un- 
doubtedly realized by Ashworth* who cautioned that only the full range of 
brom thymol blue (on the alkaline side) denotes a positive result. 

T.U!i.e hi 


RnAmoN' or Thii’.tv-Skvf.n Sai,moneu,.v Stkaiks in Urea AIedi-v 


c\ji.TURr, 

KO. 

GKorr 

SPECirS 

ronifVl.A } 

(r.USTIOIAN .VND 
STCAr.T) 

KOP.Mt’LA 

0 

FORitunv .3 
(ASHWORTH -S) 

501 

.\ 

S. iximluyhi 

Xoutml 

Neutral 


Neutral throughout 

502 

A 

.S', itaratvphi 

Neutral 

Neutral 


Neutral throughout 

sot 

A 

S. parniuphi 

Neutral 

Neutral 


Neutral throughout 

503 

A 

S. paratyphi 

Neutral 

Neutral 


Neutral throughout 

5G4 

B 

S. tlcrhy 

Neutral 

Neutral 


Alkaline .surface 

554 

B 

S. san dirr/O 

Neutral 

Neutral 


Alkaline surface 

0(1 

B 

S. typhi murium 

Neutral 

Neutral 


Alkaline surface 

560 

B 

.S’, typhi murium 

Neutral 

Neutral 


Alkaline surface 

557 

B 

S. Schott mucUrri 

Neutral 

Neutral 


Alkaline luirface 

356 

B 

S. san diego 

Neutral 

Neutral 


Alkaline surface 

000 

B 

.S’, typhi murium 

Neutral 

Neutral 


Alkaline surface 

560 

B 

S. schottmueUeri 

Neutral 

Neutral 


Alkaline surface 

obs 

B 

S. typhi murium 

Neutral 

Neutral 


Alkaline surface 

562 

B 

. 8 . schottmueUeri 

Neutral 

Neutral 


-Alkaline surface 

561 

B 

S. schottmueUeri 

Neutral 

Neutral 


Alkaline surface 

544 

B 

S, typhi murium 

Neutral 

Neutral 


-Alkaline surface 

558 

B 

S. schottmueUeri 

Neutral 

Neutral 


Alkaline surface 

559 

B 

S. schottmueUeri 

Neutral 

Neutral 


Neutral throughout 

o43 

B 

S. typhi murium 

Neutral 

Neutral 


Alkaline surface 

509 

B 

S. schottmueUeri 

Neutral 

Neutral 


-Alkaline surface 

507 

B 

S. schottmueUeri 

Neutral 

Neutral 


-Alkaline surface 

506 

B 

S. schottmueUeri 

Neutral 

Neutral 


Alkaline surface 

508 

B 

S. schottmueUeri 

Neutral 

Neutral 


Alkaline surface 

568 

C 

S. neicport 

Neutral 

Neutral 


Alkaline surface 

060 

C 

S. oranienburg 

Neutral 

Neutral 


Alkaline surface 

570 

C 

S. new port 

Neutral 

Neutral 


Alkaline surface 

572 

C 

S. oranienburg 

Neutral 

Neutral 


Alkaline surface 

549 

C 

>8. newport 

Neutral 

Neutral 


Alkaline surface 

o46 

C 

S. choleraesuis 

Neutral 

Neutral 


-Alkaline surface 

045 

C 

< 8 . choleraesuis 

Neutral 

Neutral 


Neutral throughout 

ooO 

C 

. 8 . choleraesuis 

Neutral 

Neutral 


Alkaline surface 

5o3 

C 

S. bareilly 

Neutral 

Neutral 


Alkaline surface 


C 

S. newport 

Neutral 

Neutral 


-Alkaline surface 

Ot)/ 

D 

tS. panama. 

Neutral 

Neutral 


-Alkaline surface 

04/ 

D 

>8. enteritidis 

Neutral 

Neutral 


Alkaline surface 


D 

<8. enteritidis 

Neutral 

Neutral 


Alkaline surfar'c 


E 

.8. new brunswich 

Neutral 

Neutral 


-Alkaline surface 


In the media of Formulae 1 and 2 none of the seventy-five Salmonella cnl- 
Qres listed in Tables II and III gave any e\-idence of attacking urea. In Ash- 
''orth s medium none of the Salmonella cultures gave the deep blue coloration 
roughout the slant which characterized the growth of Proteius strain.s on this 
that'^”^ 67 strains produced an alkaline surface. It was considered 

^>a these organisms, like Proteus ichthyosmius, Avere incapable of decomposing 
produce an alkaline reaction from the breakdoAATi of the meat ex- 
duced°^ -Ishworth’s medium. AYhen the same Salmonella strains Avhich pro- 
uied'^ alkaline surface on the urea medium were grown on Ashworth 
uim minus urea, they again produced alkali on the surface of the slope 
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Rustigian and Stuavl" tested the miction of Proteus strains in tlieir medium 
with and witlioul urea and estalilislied that allcalinity resulted only when urea 
was present. Formula 2, with and without urea, was tested hy us witii Proteus 
and Salmonella cultures. An alkaline reaetion resulted from the growth of 
Proteus only when urea was present; no change in the iill of the medium was 
produced by growth of Salmonella cultures whether or not urea was present. 

niscu.'^.siox 

The reactions of thirty Proteus and seventy-rivc Salmonella strains in urea 
media were unusually clear-cut. Only Vroicus ichtlnjnxmius of the thirty Pro- 
teus strains failed to decompose urea. None of the Salmonella cultures showed 
evidence of decomposing urea. 

It is true that all of the organisms tested hy ns were stock cultures or had 
lived for .several generations on artificial media. In addition to these, approxi- 
mately fifty newly isolated Salmonella strains have been tested for urea decom- 
position in the laboratories of the Jlichigan Dejmrtment of Health during the 
last eight months. None of the Salmonella cultures attacked urea. 

It will not be suriirising if one or more Salmonella of the 107 species listed 
by Kauffmann" arc found capable of attacking urea. Some strains of .S'. Eaai- 
bourne, it will be remembered, vary from the Salmonella characteristics by pro- 
ducing indol; three species of Salmonella lirpiefy gelatin and a variant of S. 
aiinium has been described which ferments lactose. However, the results in this 
paper indicate that urea-decomposing strains of Salmonella will rarely, if ever, 
be encountered. 

Of the three urea media used our inclination is in favor of the liquid 
medium of Rustigian and Stuart, or Formula 2. Ashworth's solid medium, 
while convenient to use, may very avcU give mi.sleading results to one who is 
unfamiliar u-ith its reactions with and without \irca, 

SUMMARY 

Of thirty strains of Proteus, Proicus ichilnjosmius only failed to decompose 
urea. 

None of seventy-five strains of Sabnonella showed evidence of attacking 
urea. 

A test for urease activity is recommended as a routine procedure for sep- 
aration of Proteus and Salmonella organisms. 
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THE CEPHALIN FLOCCULATION TEST IN JAUNDICE‘S 


Paul A. Kirschnuh, j\LD., and Stanlky I. Gltckman, jM.D., New \ okk, N. T. 

IN 1938 and 1939 IlangcF- = reported a new laboratory test employed as a 
* cliagnostie measure in jaundiee of various tj*pes. It was an empirical reac- 
tion, of incompletely understood mechanism, which depended on the flocculation 
of a eephalin-cholcsterol emulsion in the presence of the serum of patients with 
active parenchjnnal disease of the liver. In a series of over 900 normal indi- 
viduals there was only one weaklj* positive reaction, while in catarrhal jaundice 
and acute hepatitis it was found to be positive at the height of the disease. 
The reaction in obstructive jaundice was negative or only very weakly positive, 
the latter occurring in eases of prolonged obstruction and/or acute associated 
hepatitis. The test was found to parallel the activity of the pathologic process 
ia cirrhosis. Hemolytic jaundice gave negative results. However, Hanger^ 
listed a number of miscellaneous conditions with or without jaundice, including 
such diseases as subacute bacterial endocarditis, various types of pneumonia, 
nephritis, and other infections in which the test was positive in a goodly pro- 
portion of instances. Neverthele.ss, if the clinical picture, corroborative labora- 
tory data, and pathologic findings were-carefuUy studied, and particularly if 
the test was confined to jaiuidiced individuals, there was a good indication that 
the eephalin flocculation reaction was a reliable index of the degree and type 
of active parenchymal disease of the liver. 

In 1940 Hanger and Gutman^" published the clinical, chemical, and path- 
ologic findings in cases of icterus followng arsphenamine therapy. These 
observers had previously noted that in a minority of patients vith postars- 
Phenamine jaundice the eephalin flocculation test gave negative results and 
that the serum phosphatase activity was elevated, indicating an obstructive 
intrahepatic type of icterus rather than the usual parenchymatous type. This 
■"'as confirmed by pathologic examination. It was on the basis of these studies 
that the eephalin flocculation test was found to have selective value in differ- 
entiating obstructive from nonobstractive jaundice. 

Since then, several observers have reported their results udth the floccula- 
tion test, and although their findings occasionally vary from those of Hanger, 
ley all accept the test as a dependable aid in the differential diagnosis of 
•launclieed conditions. Pohle and Stewart^ found in a series of 141 patients 
''' ^ hepatic or biliary tract disease that the reaction was positive in varying 
egrees in most instances. However, they regarded a one- or two-plus reaction 
os Positive. They were impressed with the sensitivity of the reaction in de- 
— degrees of liver damage rather than its selectivity in distinguishing 

the Medical and Surgical Sendees of the Mount Sinai Hospital, 
received for publication. September 6. 1943. 
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obstructive from iionobslnictivo .inuiulice. In tlioir liaiuls false positive reac- 
tions wore rare. Kosonlmr!'" also enii>linsize(l the delieney of the test, for he 
considered any positive reaction (even ns slifrht as plns-minus) as indicative 
of liver disease. In employing: the procedure as a means of seimratiiifr obstruc- 
tive from parenebymatons .iaundice. he based his eonelnsion on the dcfriTc of 
flocculation, rather than on its pre.senee or ab.senee. Xadler and Butler” agreed 
in general with the observations of Hanger. Of particular interest is their 
finding that four eases of jaundice following ar.sphenamine therapy all gave 
negative reaetion.s, thereby confirming the ob.servntions of Hanger and Gut- 
man. They employed a cei)haiin which was obtained from the same source 
as that used in the present study and suggested that the reagent used by 
Pohio and Stevart was loo sensitive. 

IMateer, Baltz, Marion, Hollands, and Yagle* i-ejvjiicd an extensive eompara- 
tive laboratory evaluation of hepafie and biliary trai-t disease which included the 
eephalin cholesterol flocculation reaction, 'fhey noted that the test was at once 
specific and sen.sitive and recommended it without reservation. However, .since 
their cases are not grouped from the stamlpoiTil of "medical" ver.sus ".sur- 
gical" jaundice, their results are not .strictly comparable to those included 
in this paper. Xeverthele.ss, they pointed out that although Hanger held that 
"unripened” eephalin (i.e., that which is not allowed to oxidize by lengthy 
exposure to air) is more sensitive and more liable to give false positive reac- 
tions, the reverse held true in their experiences. Specifically, in 40 normal 
controls there were 5 one-plus reactions after forty-eight hours with the "un- 
ripened” material, while the.u.se of the "ripened” .substance gave several 
time.s ns many positive result.s, .some even fwo-})lu.s reactions. A more recent 
reporf relates the relative value of the commercial .substance made by the 
Difeo Company of Detroit (that used in this work), namely, that a one-plus 
reaction per se had no positive significance. 

The present study includes cases of jaundice observed on the wards 
of the jMount Sinai Hospital from October, 1941 to April, 1948. They have been 
grouped under the headings of ob.structive and hepatocellular jaundice, with 
particular reference to the difTerentiation of medical and .surgical condition.s. 
The sensitivity of the eephalin used (Difeo product) coincided with that in Dr. 
Hanger’s laboratory, and the methods employed in the performance of the test 
were in accord with his directions. The results of the reaction have been desig- 
nated as 0. 1 plus, 2 plus, 3 plu.s, and 4 plus, and readings were made after 
twenty-four and forty-eight houivs. Although the 24-hour reading was consid- 
ered more sensitive, the interpretation of the test was based upon the 4S-hour 
reading, because this was found more clear-cut and reliable. For the sake of 
reliability and in view of other clinical, chemical, and pathologic findings, the 
eases giving a 1-plus reaction were interpreted as negative. Dr. Hanger had 
sugge.sted that a 1-plus reaction had no definite significance in relation to 
parenchymatous disease, unless this was noted during recovery or in cirrhosis. 
In a large number of cases the test wms done several times in the eoui-sc of the 
disease and some of the repeated determinations indicate the variation correlated 
with the dynamics of the pathologic process. The proved eases were confirmed 
by post-mortem examination or surgical exploration. 
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The rosulls !ire summarized in Tallies 1 and II. 

Taiii.k I 


(InSTIUTTIVK .Iai'.vkick 




XKOATIVK 


POSITIVE 


I'.u.cn.ors onsTi:ruTio.\ 

(Common Dnrt .'>tonc) 


0 

T 

-f— 

-r-H- -r-r 

-f-r 

Xunibcr Casc.« 


22 

8 

O 

0 

0 

Proved 

23 

IG 

6 

3 

0 

0 

CAF.CIXOMATOUS OIlSTRCCTION' 

(Common Duct or Panercu?) 







Xumher Caso.s 

19 

15 

1 

2 

1 

0 
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IG 

1.8 

0 

2 

1 

0 

CICATF.ICIAI, OBSTRUCTION 







Xumber Cases 

11 

5 

1 

0 

o 

2 
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S 

3 

1 

0 

2 

2 

lA'MPH NODE OBSTRUCTION 







Xumher Cases 

5 

2 

O 

•J 

0 

0 

0 

Proved 

o 

1 

1 

0 

0 

0 

.\CrrE CnOI.ECY.STITIS and jau.ndice 
(Xo Obstructive Factor Demonstrated) 







Number Cases 

.5 

.3 

1 

1 

0 

0 

Proved 

5 

3 

1 

1 

0 

0 

CHRONIC ClIOI.ECySTITIS AND .lAUNDICE 







(No Obstructive Factor Demonstrated) 
Number Cases 

2 

1 

n 

1 

0 

0 
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2 

1 

0 

1 

0 

0 

TOT.VL CASES 

75 

4.8 

14 

7 

4 

2 
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.58 

.37 

P 

7 

.3 

2 

T.vble II 


Hepatoceluxar Jaundice 





XEGATI\"E 


POSITn-E 


paRe.vchyjiatous 


0 

- 

•f-f 

r • A. 


( oxic Hepatitis, Catarrhal Jaundice) 

■dumber Cases 

5'^ 

17 

.3 

9 

10 

26 

Proved 

8 

.3 

1 

i 

0 

o 

neo.vrsphen.vjiine 

Xumher Cases 

4 

.3 

1 

0 

0 

0 

Proved 

ft 

0 

0 

0 

0 

n 

CIRRHOSIS 

Number Cases 

17 

4 

1 

5 

o 

o 

Proved 

8 

2 

0 

2 

1 

.3 

totai, cases 

7!) 

24 

5 

7 

12 

.31 

proved 

IG 

5 

1 

.3 

1 

G 


DISCUS.SIOX 

In the cases of obsti-uctive jaundice, the cephalin flocculation te.st showed 
an accuracy of 83 per cent. It Avould appear that the problem of differential 
^I'agnosis of “medical” vs. “surgical” jaundice was nearer a solution by this 
aacfion. Unfortunately, as will be shown later, a fairly large number of in- 
stances of parenelnmiatous jaundice gave negative reactions. At any rate, our 
aipretation of the 1-plus reaction as negative appeared to be well grounded. 
IP of “infectious” hepatitis the reaction was positive in about two- 

renr eases. Although the semsitivity of the test does not appear to be 

^eniarkahle, its reliability when positive is great, for whenever a 3-plu.s or 4-plus 
eaction occiuTed, the diagnosis of parenchj-matous liver disease was confirmed 
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by chemical or pathologic data. Only rarely did a ease of ohstnictivc jaundice 
give a positive reaction, and tlion only weakly ))osi1ivc .such as 2 pins. 

The type of toxic reaction to organic, ansenical theraj)y described by Hanger 
and Gutman, “ i.e., an intrahci)atie oh.sfruetive icterus, was encounlered in 4 ca.se.s. 
All were in individuals who received only two or three doses of tlie arsenical (in 
these instances, ncoarephcnaminc). The onset of ietcnis was .sudden and in 2 
cases the jaundice Avas prolonged. It .shoAild be noted that in Nadlcr and 
Butler’s” cases as well, the flocculation tost was negative in all instances. 

In cirrhosis, the eases exhibiting evidence of active liver disease as evidenced 
by jaundice, as avoH as other .stigmata of hepatic insuHieiency yielded positive 
reactions in only half of the eases. In an additional three cases not tabulated 
because jaundice was ab.sent, two Avei-e 0. and one Avas ! plus. 


SU.AtMAUV AND CONCt.USIO.NS 

1. By means of the eephalin floceulalioji lest IG4 a.ssorted cases of jaundice 
Averc studied over a 22-nionth period, Avith interest directed toAS-ard difi'crentiat- 
ing obstructive from nonobslructiA-e icterus. 

2. Of 75 cases of obstructive jaundice, 62 Averc “negati\o.” 

3. Of 58 cases of hepatitis, 20 Averc negative and 38 avo'c ])Ositive. 

4. Of 4 cases of poslarscnical icterus, all AA-ere negative. 

5. Of 17 ca.ses of cirriiosis Avitii jaiuulice, 12 Averc positive. 

C. In 3 cases of hemolytic jaundice, the reaction Avas ncgoti\‘e in 2, ])ositlvo 

in 1. 

7. In our laboratory, the cejdialin flocculation test reached its highest degree 
of accuracy in the obstructive jaundice group, but paradoxically Avas more reli- 
able in the hepatitis group bccau.so false posit iA'os Avere a rarity. 

8. To our mind the 1-plus reaction is of no significance in distingui.shing 
obstructive from nonobstruclive jaundice. 

9. In general, the eephalin flocculation test may offer a.ssistanco in the dif- 
ferential diagnosis of jaundice. IIoAvcA-or. in our hands its accuracy did not 
concur Avith the results pAiblishcd by Hanger. 

AA'e wish to express our prratltudc to the Dlfco Comp.iny of Detroit for their suppllc.s of 
eephalin and to the Ell Lilly Company of Indianapolis for merthlolnto. 
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OBSERVATIONS ON THE INGESTION OF JIETHYL CELLULOSE AND 
ETHYL CELLULOSE BY RATS^ 


IViLHEUi Deichmann, Pn.D., and Sylvan Witherup, B.S., Cincinnati, Ohio 


DECAUSE of the potential usefulness of methyl and ethyl cellulose as thiek- 
^ ening and binding agents in the pharmaceutic and food industries, the pos- 
sibility that they might have deleterious effects ivas investigated by feeding them 
to rats over a considerable period of time. 

Jlethyl cellulose^ is a ivliite, fibrous, cellulose ether, soluble in cold ivater 
but insoluble in liot ivater and in most organic solvents. Heating causes most 
aqueous solutions of methyl cellulose to coagulate, but cooling and stirring re- 
stores them to their original smoothne.ss and fluidity. Solutions of the compound 
are colorless, odorless, and tasteless. Ethyl cellulose,- also a cellulose ether, is 
insoluble in Avater but soluble in most organic solvents. Its solutions are color- 
less and odorless. 

Acknowledgment is made to the Dow Chemical Company for the financial 
support of the investigation and for the supply of the materials in the form of 
^lethoeel (Lot M-368, Aiscosity 1500 eentipoise) and Ethocel (Lot 2467, vis- 
cosity 20 eentipoise). 


GENERAL EKPERDIENT.AL PROCEDURES 

Young albino rats, male nad female, bred in this laboratory and aU of ap- 
proximately the same age and weight, Avere diirided into 3 groups of 80, to be 
fed the two cellulose ethers and the control diet, respectively. They were caged 
in groups of tAventy. The food was supplied in baskets of Avire screening, and 
fhe drinking water, in bottles fitted Avith glass tubes, the quantities consumed be- 
ing recorded weekly. Experiments were started in July and terminated in the 
foUoAving Llarch, at which time a representative number of animals from each 
group -was knied and examined for gross and microscopic tissue changes. 

PREP.A.R.A,TION OF FOOD .AND AV.ATER 

Eighty grams of methyl cellulose were wet Avith hot water, cooled to room 
i^perature, and stirred until nearly smooth; then one liter of cold water AA-as 
ndded, and after the mixture had been kept about twenty-four hours in the 
Refrigerator, the whole was diluted to 1500 c.c. Avith water, mixed, and added to 
ef Purina Pox Chow pellets. Thus 10 Gm. of the dried food contained 
mg. of methyl cellulose (8,000 parts per million). The drinking water Avas 
prepared so as to contain 10 Gm. of methA'l cellulose in one liter of water 
(10,000 parts per million) . 

Ethyl cellulose (120 Gm.) was dissolved in 3 liters of 95 per cent ethyl alco- 
_^_^d added to 10 kg. of Purina Fox Chow. After the alcoholic solution had 

Laboratory of -AppUed Physiology-. College of Aledicine. University 
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soaked in, the pellets M-erc lie/itorl for two days ;it 70° C. in order to expel the 
solvent. (Analy.ses proved tliat the alcohol had been expelled except ^or in- 
significant trace.s.) Ten gr/nns of this food contained 120 mg. of ctliAl ee u ose 

(12,000 parts per million). 

URSUI.TS 

Groiq) J.— The SO rats in this group were given both food and water con- 
taining nicthvl cellulose. The consumption of food varied from 13 to 19 hrm. 
per daV, and 'the daily intake of water ranged from 25 to 34 c.c. .so that «ie aver- 
age total daily intake of methyl cellulose wa.s about 436 mg. per rat, -o m,,, e 
ing ingested with the food and 311 mg. in the drinking A\ater. 

Group .3.— The SO rats in this group ingc.sted from 14 to 18 Gm. of ^>0^ 
per day, the daily intake of ethyl cellulose being about 182 mg. per rat. These 
animals had free access to unconlaminatcd drinking A\atei. 

Group 3 . — The consumption of food and water by the 80 control animals 
varied Avithin the limits recorded in the ease of Groups 1 and 2 above. 

Fig. 1 portrays the weight changes that occuimed in each group as a vyhole. 
The differences among the three groups in this re.spect were manifestly insig- 
nificant, No other evidences of differences in the behaAior or AA'cli-heing of the 
animals in the several groups aa’Ctc noted. 

.SUiniARY .AND CONCLUSION.S 

EightA' rats were giA'eu methyl cellulose in their food and drinking water 
OA’er a period of eight months, and the same number AAcre giAcn ethv 1 .cellulose in 
their food for a corresponding period. The dail} inge.stion of quantities of 
methA'l cellulose amounting to about 0.44 Gm. per rat or of ethil cellulose 
amounting to about 0.18 Gm. per rat produced no signs of illness. The consump- 
tion of food and Avater as well as the gain in Aveight hj these animaG was normal. 
No evidence Ava.s found of significant gros.s or microscopic abnorinalitie.s in the 
tissues of the animals. It is concluded that the feeding of methv 1 and eth^ 1 
cellulose in these concentrations is hannless to rats. 
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AN INKAYinTlNO FINGER. PliETlIV.SMOGRAPII® 


IL\KOi-n V. Rick. Pit.!).. W’innmi-kc, Canada 


V ARIOUS forms of finsrcr itlcniysinoiiraph art* in list*, employing ]>holo"rai)liic 
methods or usiiifj: photoeleetrie eells. At least one form of inlc-writiii" 
plethysmo>:ra])h lias heen descrihed,' 1iion"h the data coneernintr its eonstnu;- 
tion arc not available. The jiresent method has the advantufie of beiiifr rela- 
tively inexpensive, has jiroved exeeedin'ily sim]de and reliable to use, and can 
be made by anyone ■with a moderate knowledire of elect ronies. The tulvantagc 
of an ink record of volume elianiios is obvious, since it makes jmssililc observa- 
tions over prolonged periods of time and provides a tracing wliieh can be 
examined immediately, without the trouble atnl expense of developing it, as 
with the photographic method. The ajiparatus lierein ileseribod also lias llie 
advantage that, since the iilethysmograph chamber on tlie linger is connected 
to the recording unit only by fine flexible leads, slight movements of the hand 
do not lend to displace the plethysmograjili relative to the finger. The 
plethysmograph is free in other words to mo%'e more or less as the hand moves. 

The metal plethysmograph chamber (Fig. I) is attached to a metal plate 
shaped to fit the palm and loosely bound to the jialm by adhesive or spring 
clips at the edges. The latter method avoids obstruction of the venous return 
fi'om the fingers. The distal end of the plelhysmogra]ih chamber is closed oft' 
with a slack condom rubber dia]ihragm. At the distal end of the chamber a 
bracket extends at right angles. This is made of metal, and being attached to 
the metal chamber is therefore at body or ground potential. Several parallel 
metal plates (4 to 8) arc attached at i-ight angles to this bracket. A moving 
arm is suspended on an insulator at the outer end of this bracket and is fitted 
also with parallel metal plates. Avhich slide between the metal plates of the 
bracket without touching them, thus forming a variable condenser. The mov- 
ing ann and its plates are made of aluminum foil (#35 gauge) for lightness, 
weighing only 4.0 Gm. Strength is obtained by flanging the edges where neces- 
sary. Movement is impailed to the movable arm by the condom diaphragm 
through a connecting pin. A gentle spring holds the pin constantly in contact 
with the diaphragm. 

The finger is inserted into the plethysmograph with the ‘'ad.iustmonl cap- 
sule” removed (cf. Pig. !)• -A-n airtight seal is obtained simply by pressing 
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vasolino between the edj^c oC the ])lotliysmograi)h ajid the slun. The “adjust- 
ment capsule” is then slipi)cd onto tlie “stem.” Tlie adjustment screw is then 
tightened, thus depressing the tluek rubber diaphragm beneath it, until the 
condom diaiihimgin is disjilaeed outwai-d to !)ring it into the mid-zone of its 
movement range. Tlie two lead wires arc then connected and the record may 
betaken. The preparations for a tracing take about a minute. 

A calibrator is built into the plethysmograph. It consi.sts simply of a 
thick rubber diai)lu-agm, which is disidaced by movement of a lever. It per- 
mits cpiick calibration of each tracing to be made. The calibrator must fiist 
be standai’dized against a known standard, the one in use having a displace- 
ment of .06 c.c. 



Fig. 1. — Scale diagram of finger plethysmograph. 

The changes in finger volume are converted into changes of voltage which 
operate the recorder. The electrical circuit consists of a frequency discrimi- 
wl converts changes in frequency in an oscillator to voltage changes, 

are amplified. Two oscillator circuits, A and B (Fig. 2). are tuned to 
tnb^ each other. The resulting beat frequency is fed into two mixer 

tun^T tube A pa.sses its output into a band-pass transformer 

tnY,ef^° kilocycles, and mLxer tube B passes its output into a .band-n-ms 
ormer tuned to 172.5 kilocycles. When the frequency of oscillator a' is 


1730 


THIC .rOURN'AI. or LAHOKATORV AND CIASICXL Mt:t)K;iXi: 


tuned by its condenser Ci to bejil will) oscillator B to produce' a beat of 375 
kilocycles, the niaxinium How of current is ])roduced llirou"h deleshor eireuiit 
A, and a maximum voltajic drop is produced across resistor B-,. At this fre- 
(lueney the band-pass circuit 1> does not resjamd, and no current flows throipili 
detector circuit B. (lonseeiuenlly no potential diflVrcnct' is dcvcloiusl across 


rRtonnecT i^piiniK 



Cj, Cj, ,0005 Yurl-tX*. C^, ,00055 ut6 mit%, C^, ,5 mfi, l to 4 nT«» 

C^, Cy C^, ,000?3 mTA, Cj^, Cj^, 6 •fd. •t*elrelyl.te , €50 wt*. 

Rj, Bj, 2 t« 5 B*e, Bj, 550 500,000 p^X, B^, 5000 oha* «lr* *»uTii 

"v 'Si- "is- "is- J50,000 ohB«, R^, Rjj, 500,0^ enaa. 

?40 on««, Fjj, Bj-J* ?00Q ?Q ««XX«, R^, 50C0 «t«*, 

Tj, yoatr supply xrantf«rB«r». 

Vnd-p*!"* Xr«n*fqr9«r, 115 ke, lAnd-pava tr*n«rBr**r, i7r.5 Ite. 

1 ^, X.JJ, tunXnf and otelll^l''^ ««11», 5<0»1500 Re,, ®n n cbmoh fsra. 

1^, Tunlnr eotl- 3<0-1500 tc. ?0 0«nrl*», lOO an, 10 H*nrlBi, roo m, 

Ly, 1500 6 ha flBld eoU of roeordor, ?0 w«xxo. Movtne toll of rocordtr, JOO «bsa. 
lleXo; Poatr ouppiy of output «X0(« 1 « oil o^ot* tround «nd auaX %* eorofully onXaldBd. 

Fig. 2. — Sclicnuitic diiigrum or frequency dlscrinilnutor imil iiiiipUnor. 

resistor Eo, so that points X and Z ai-e at the same i)olential. Since tliere is a 
voltage drop across resi.stor R.-„ point Y is positive with respect to point X and 
therefore also with respect to point Z. As a resnlt the control grid of driver 
sta'^e A becomes positi%'e with respect to ground. As the potential of the con- 
trol gi-id of driver stage B is not changed, the direct-coupled pnsli-pnll amplifier 
is thrown off balance, and moving coil Lg connecting the two plates of the 6L6G 
output tubes is displaced. If oscillator A is tuned by it.s condenser to produce 
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a beat of IT'!.") kilocyclos, the hand-pass circuit B responds to its maximum, 
and a inaxinmm voltafie drop oeeui-s this time across R.j, making X negative to 
3. Since no response is induced in liand-pass circuit A at this frequency, no 
voltage drop occurs across Br,. and V and X remain at the same potential. Y 
is thus negative with rcspi'ct to Z, in consequence of which the control grid of 
driver A heeonies negative witli respect to ground, while the potential of con- 
trol grid of driver B remains unchanged. The push-pull direct-coupled ampli- 
fier is put off balance in the opiiosite direction, and moving coil Ls is moved in 
the opposite direction. IVheu oscillator A is tuned to give a beat midway be- 
tween 172.b and ITb kilocycles, both band-pass circuits respond equally and an 
eciual voltage droj) occurs across B.-, and Be. Y and Z are then at the same 
potential so that the control grid of driver A remains at ground potential, and 
the amplifier remains balanced. From this position of balance any change of 
frequency of oscillator A will change the beat frequency so that more cuiTent 
is induced in cither hand-pa.ss circuit A or B. 


Colibration 



successive increments of .02 c.c. into the plethysmograph from a pipette, 
‘b me linearity of the re.sponse. Greater sensitivity can be obtained yhen desired. 


When the plethysmograph is connectedjt.p the discriminator-, the fixed plates 
of its variable condenser are connected to ground and the moving plates to the 
of oscillator A. By means of variable condenser Ci the beat frequency is ad- 
justed until the -writing point connected with moving coil Ls is brought to the 
^id-position. Tlie correct setting of the condenser is easily found, for by turn- 
ing It either way from the point of central ad.iustment, the writing lever should 
^ove an equal amount, first to one side, then to the other, as the movement of 
of^ reversed. Any variation of the position of the moving plates 

0 plethysmograph condenser, induced by changes of finger volume, causes 
f c lange in the frequency of oscillator A and therefore of the heat frequency 
' n t lus displaces the recording pointer. 

In order to reduce undesirable interaction between the two oscillators, 
uvei lator A is capaeitatively coupled to the mixers and oscillator B is induc- 
^ c J coupled. The use of two mixers in parallel simplifies alignment of the 
Jan -pass circuits since they are then independent. Each circuit ean he aligned 
■'vitliout upsetting the alignment of the other. A separate high- 
tiin^fb ^*111 discriminator circuit. Condenser C-. is used^to 

one'of Pm r"??! maximum response. The variable grid, bias on onlv 

fijualizo tubes to be 

d- Tins is important, since wnth the direct coupling of the drivers to 
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tlie output tubes, slight inc(iu!ilitics in function of tlic driver tubes might cause 
serious imbalance in tlie output tubes. It must be noted also that the jdate 
supply of tl)c output stage is all above gi'ound and I'crpiires special care in 
wiring and mounting. Since the beatci's of the (ILtifi tubes are also above 
ground, this heater winding is not center taii])ed. Condenser Cp is to elimi- 
nate an A.C. component in the outi)Ul. It should be a i)aper condenser to avoid 
leakage through it from the ])late su])])ly of the drivci’s ^vhich would tend to 
make the grids of the outpiit tubes positive. The recording i)oin1er is activated 
by a moving coil, suspended by springs in a dense magnetic field. The battery 
plate supply of the driver stage may be rcidaced by another junver .source. A 
potentiometer is ustd in the grid of the driver stage to control the gain of the 
amplifier. In order to vary the sensitivity of the variable eondtsiser on the 
plethysmograidi ajid to make it of service whether .small or large changes of 
volume might occur, some of the jilates of the stator can be j-emoved in a mo- 
ment from spring clips that hold them in ])lnee. 




Fig. 4. — Tracings taken wltli tlie finger plelliy.«moprnrh. 

A, Calibration with .OG c.c. displacement, using the calibrator built Into the pletby.sn) 0 - 
graph. 

S, Passive vasoconstriction duo to ob.struction (by pre.s.sure) of the brachial artery. 
Prompt return of volume on release of pre.i.sure. 

C, Blphaslc response with maintained forced e.xplratlon against the clo.sod glottis. Prompt 
return of volume when forced expiration stopped, followed by large pulse waves. 

JO, Active vasoconstriction due to a single deep Inspiration, Subsequent undulations due 
to respiratory movements. 

Vasoconstriction or reduced finger volume causes downward movement of the recorder. 
Vasodilatation or Increased finger volume causes upward movement of the recorder. 


A calibration of the pletliysmogi’apli made by in,iecting successive volumes 
of 0.02 c.c. air into the chamber is shown in Pig. 3, indicating the linearity 
of the response. 

It should be pointed out that the tj^ie of variable condenser on the 
pletbysmograpb does not lend itself to rapid volume changes. Frequency cali- 
bration curves liave not been done, since the apparatus is designed primarily to 
record the slow volume changes of a finger due to changes of vascular control. 
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If is possil)le flint some disforfion woidd occur in the recording of the pulse 
cur\-es, especially in the shariily rising phase. But such distortion, if present, 
would not lessen the reliability of records of the slow volume changes. 

The actual apparatus in use was made from odd materials at hand. iMorc 
recent types of tubes, etc., could jirofitably be .substituted if available. Jlaxi- 
raum voltage variations between Y and 7, (Fig. 2) were about 20 volts. ^laxi- 
mum cxcureion of the iiointer is about 0 cm, with a lever ratio of approxi- 
mately 6 to 1. 

Typical records of finger volume changes arc shown in Pig. 4. 


REFEREKCE 

3. Martin, S. .T., Alnrcclhip, F. .S., an<l Sykovr.ski, P.: Plcthysniotrraphic Studies With .Spe- 
cial Reference to Waves of Respiration, j. L.VB. & Clix. Med. 24; 111, 1938. 


aiachine-rolled stoppers for culture tubes 


ECarold 'W. Batchelor, Ph.D.,* Wooster, Ohio 


lyjUCH of the loss of materials and of the labor required to make stoppers 
for culture tubes maj' be avoided if machine-rolled stoppers that can be 
i^ed repeatedly are made by a lathe such as herein described. 

The tongue of the stopper-spindle (1), two inches long, tapers from one- 
eighth of an inch at the shoulder to one-sixteenth of an inch at the tip. A 
second spindle for making hollow stoppers for use Avith pipettes is eleven 
sixty-fourths and ten sixtj'-fourths of an inch in diameter at the shoulder and 
bp respectively. The spindles, driven by a one-fortieth horsepower motor, are 
mounted on the motor shaft by means of a work arbor and chuck (2), A 20- 
gauge steel channel with flared flanges comprises the stopper forming table (3). 
the right half of the channel web, raised an amoimt equivalent to one thickness 
of the sheet steel, forms the tapered end of the stopper. A slot is eut in the 
left-hand flange to permit the spindle to function. The forming table is secured 
^th two machine screws (4), near the left side, to an inclined forming table 
support (5). Two setscrews (not \Tsible), mounted from below at the ri^ht 
side of the forming table support, bear on the under side of the forming table 
and permit tapering the smaller end of the stopper to any desired taper” 

The stopper’s diameter is controlled by an adjustable mechanism mounted 
on the upper end of the forming table support (5). The mechanism consists 
a short channel (6), two .setscrews (7), two flat springs (8 and 9) and a 
sprmg support (10). The lower setscrew (only partialJv nr 

jamst the lower side of spring (8), one end of which is fixed to the lowL^S 
of the spring support (10). The angle of the latter conforms nfth 7 

of the forming table support. The upper setscrew (7) ncpWA angle 

Inside of a slightly bent flat spring (9), one end of which is free hurwhoS 





!!i;CKMAN' AND SMITH: COlINTIXfi I’l.ASMODlA IN AVIAX MALAHIA 


1735 


Other end is attached to the free end of spring (8). These Uvo springs hold the 
foming table firmly against the sjiindlc or cotton as the stopper is being 
rolled. Passing throngh, and tightly fitting into, the lower end of the forming 
table .support runs a shaft (11), to who.se left end is attached a coiled returner 
spring (12), Brass bearings mounted in walnut pillow blocks (13) support 
the shaft. Two ad,iusting studs (14) control the right and the left positions 
of the forming table support. A ba.se. eight inches by sixteen inches, supports 
the entire mcchani.sm. 

The motor is started by means of the toggle switch (15), the spindle is 
moistened with water from (16), approximately the correct amount of cotton 
or other fibrous material is touched to the spindle, and the stopper is quickly 
rolled. The handle of the stojqicr may be painted or sprayed with a tinted 
plastic in solution (17), and the stopper may then be I'emoved by pushing the 
forming table .support to the right by means of post (18). Small stoppers may 
he made if a small-sized forming table is clamped to the right side of the 
larger forming table. Some stoppers made by the lathe are shown in Pig. 3. 
Stoppers have been made of absorbent and nonabsorbent cotton, fiber glass, and 
even steel wool. The latter two are only curiosities at the present time. The 
most satisfactory material yet used is a combustion-resisting DuPont cellulose 
acetate product knouui as 3-F Continuoas Filament Batting. Being in an ex- 
perimental stage, this material is not yet available commercially. 


A NEW [METHOD OF COUNTING PLASMODIA IN AVIAN ilALARIA 

INFECTIONS^ 


H.\rry Beckjiax, M.D.,f axd Jaxe Smith, j\LT. 
jMii.waukee, Wis. 


^HE be.st knmra and probably most used method of coimting plasmodia in the 
peripheral blood in avian malaria infections is that in which the result of 
the count is i-eeorded in tei-ms of pla.smodia per 10,000 erythroc\-tes. One of 
the forms of this “standard” method con.si.sts in counting the pla.smodia seen in 
1,000 erythrocytes and simply multiplying by 10; one counts ervthrocytes up 
to 1000 “in the head” while simultaneously recording pla.smodia with pencil 
marks on a pad; or one counts the plasmodia on a pad or “in the head” and 
records erj-throcytes on a mechanical counter; or one counts the en-thromdes 
r.st, notes on the verniers of the mechanical stage the limits within 'whieh'thp 
count was made, and then goes back and counts the plasmodia within thl 
mils In any case the resulting plasmodial count is multiplied bv 10 anO 
corded as organi.sms per 10,000. We have not been able io satisfv on ” i 
Jf^r counts are notably accurate when made in any of the above 'ways 

Dopartmont of Pharmacolo,^-. Marnuette Univcr..ity .School of McHHne 
Received for puhUc.allon. March IS V.tiZ. . - i - 
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A variant of llie “standard” method consists in averaging tlie counts of 
5 fields and dividing this numhor into J.flOO to determine the mnnlier of fields 
in v'hieli plasmodia must ho counted in order to record tlie organisms ])er 
10,000 (after imdti])l.ving hy 10, of course) ; or one may divide dii-cetly into 
10,000 and then make an actxuil count of the resultant very large numher of 
fields. Working as vc do, with a 02.': oi)jcctivc and a IO.k fye])ier-(', we find 
fields ideal for counting (i.e., well tilled hut with the eiythrocytes not touching) 
to conlam 90 to 100 cells; this would require ns to .see only 10 or 11 field.s in 
order to obtain our 1,000 colls; wo think this too few, hut on the other hand 
to examine the 100 to 110 fields, which would he reejuired to complete the count 
of 10,000, would certainly not he practicahlo. Another reason for our inability 
to be entirely satisfied with this method is that it a.ssumes an almost perfect 
uniformity of smearing, which we are not certain that we invariably achieve. 

The only other variant of the “standai'd” method with which we arc famil- 
iar is to apply in each sci)arate instance a formula hy which to determine the 
nnmber of erythrocytes to he examined, if the plasmodial count is to have an 
error of no more than 10 per cent. Gingrich’ .states this forintda as follow.s: 

N = 45.494 in which N the inimher of erythrocytes to he counted, 

P — the numher of parasites per sample unit, and I the samjde unit (10,000 
er.vthrocytcs). At the prescjvt time, when a very large number of smcaj-s must 
he examined daily in all laboratories, we feel obliged to think of this method as 
having only academic interest. 

Several years ago the senior author- ofl'ered a method which differed en- 
tirely from the “standard” method or any of its variants: A fixed number of 
plasmodia were counted, and then the count was recorded in terms of the time 
required to make it. This method, which enables one very simply to record 
degrees of infection as +, 2+, 3+, 4+, and 5->-, served us in a pi'actical way for a 
time, but it failed to prove sufficiently delicate to reflect .slight differences in 
the antimalarial activities of the newer comj'oiuuls which are being studied 
nowadays. ^Ye have therefore devised, and have been using with .satisfaction 
for more than a year (i.e., in many Imndrcds of infcctionsl. the method now 
to be described. 

DESCRiraON or OUR NEW METHOD 

Using a 92x oil immersion oh.ieclive and a lOx cyei)icce, we give the slide 
a hasty examination to find an area in which we can range through a good 
many fields without encountering excessively wide variations in the thickness 
of the smear. Then the count is made: 

The method consists in counting the ni;mber of organisms seen in three min- 
utes of a simdardized type of search. One starts the stop watch and then looks 
at every erythrocyte in the field. This is important; the whole field is not .fust 
quickly scanned and the number of plasmodia present noted, but instead every 
ervthrocyte is looked at and the number of plasmodia seen during the course 
of" this examination of the erythrocytes is counted. Then one turns to the next 
field and continues to examine erythrocytes and count plasmodia this -way 
until the three minutes have elapsed. The total number of plasmodia 
counted in the three-minute period is then recorded as the index of the infec- 
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tion on tliat day. Tlie watoli is not stopped as one shifts from field to field, 
Init it is stop]icd M-lion iilanciii!; at it to determine the amount of elapsed time. 

Two variants of the above arc employed to make the method applicable to 
all the situations arising, (a) A negative slide is treated .just as is a positive 
one; i.e., all crythrocytets are looked at in all the fields Avhich are viewed in the 
three-inimite period, hut if a plasmodium is not encountered, the slide is simply 
recorded as negative, (b) If, in the examination of an apparently negative 
slide, a plasmodium is finally encountered before the three minutes have elapsed, 
the watch is stopped and reset at zero, and one starts over on a fresh coimt of 
three minutes beginning with this organism as jilasmodium 1. This latter situa- 
tion arises almost exclusively only on the first day of infections, for practically 
always on the days thereafter there is a sufficient abundance of organisnrs so 
that one is quickly able to find a field containing at least 1 plasmodium with 
M’hich to begin the count. 


Table I 


Cour.sE OF THE P. cathemerium SI12 Ixtectioxs ix Five Caxaeies Dufjxg the First Five 
Days as Cocxted by the “Standard” AIethod and by Our New Method 


d.ktes 

OUR siethod 

‘ ‘ STANDARD ’ ’ METHOD 

COUXT 

TIME 

UEQUIRED 

R.B.C. 

SEEN 

COUXT 

time 

REQUIRED 

R.B.C. 

SEEN' 

^ird 4t975 

12-7 

12-8 

12-9 

12-10 
_ 12-11 

2 

25 

132 

263 

220 

3'43" 

3' 

3^ 

3' 

2,841 

2,290 

2,258 

2,279 

2,187 

1 

6 

91 

195 

125 

4'45'’ 

4'50" 

-4'30'’ 

4'30'’ 

4'30" 

1,000 

1,000 

1,000 

1,000 

1,000 

nircl "971 
12-S 

12-9 

12-10 

12-11 

12-12 

o 

O 

23 

89 

203 

153 

■ 

3'43" 

3' 

rtf 

O 

3' 

rtf 

o 

2,838 

2,283 

2,255 

2,314 

2,243 

1 

7 

40 

135 

120 

4'25" 

4'30" 

4'30" 

4'25" 

4'30'’ 

1,000 

1,000 

1,000 

1,000 

1.000 

Uircl "548 
12-16 

12-17 

12-18 

12-19 

12-20 

6 

23 

88 

196 

154 

3'36'’ 

3' 

3' 

3' 

O' 

O 

2,743 

2,231 

2,187 

2,267 

2,261 

0 

8 

49 

113 

95 

5’ 

4'30" 

ITO” 

4'30’’ 

i’SO" 

1,000 

1,000 

1.000 

1,000 

1,000 

Uird "522 
12-16 ' 

12-17 

12-18 

12-19 ■ 

12-20 

3 

27 

77 

156 

93 

4'10" 

3' 

3' 

Of 

O 

3' 

3,134 

2.265 

2.266 
2,351 
2,257 

1 

10 

33 

74 

01 

5' 

4'oo" 

5' 

o' 

■i'io" 

1,000 

1,000 

1,000 

1,000 

1.000 

Dird "514 
'12-14 

12-15 

12-16 

12-17 

12-18 

3 

32 

131 

203 

95 

3'25" 

3' 

3’ 

3' 

3' 

2,494 

2,231 

2,304 

2,202 

2.124 

2 

16 

75 

142 

122 

4'40'' 

5' 

4'20'’ 

5' 

5' 

1,000 

1,000 

1,000 

1,000 

1,000 


COMPARLSON* OF METHODS 


Table I presents the data from a studv of 5 birds 
strain of PUismodhim cathcmcrinvi, each bird being represented bv 
obtained at 9:30 a.m. on the fii-st five days of its infectfon tl • 
our .as done „„ ,ha dates as shot™ d„ri„, a pen" a 























1738 


THK .lOlj'KNAl- OK KAIiOKATOHY AN'Il CIANK'AI. SIKDICINi; 


were being enii)lo.ve(l ns nniiT/itcd eonirois in a ronline study. 'J'iie counting 
by the “standard” jnetbod was done at a later time, tlins increasing the validity 
of the comparison, since it is biglily unlikely lliat tbe same fields were selected 
for study in both instances. It will be seen that in using our method the count 
on the first day always rciiuired more than three minutes, since some time was 
employed in finding the fii'sl organism; but the counts of the siicweding days 
required only the arbitrary three-minule period. In the “standard” counts 
the time reciuircd varied from four minutes and twenty seconds to five minutes. 



Chiirt I.* — Course of the P. cnthcmci'inm SFiZ Infections In five canaries during: tlie first five 
days ns counted by the ' standard" method and by our new method. 

the average being four minutes and thirty-seven seconds. In tbe “standard” 
method 1,000 erytbrocytes arc examined; in our method more than twice this 
number arc examined on all days after the first day; the extremes are 2,124 
and 2,351, the average being 2,252. On the first day in ocir method we examine 
an average of 2,810 cells, or nearly three times as many as are examined in 
tbe “standard” method. 
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Chari 1 presents liie eounts in j^raphic form, llic nnmlicr of organisms being 
plotted as ordinates and tlic days of tlic infection ns abscissae. The resemblance 
of the curves obtained by tlic tM*o methods of counting seems to ns in the main 
rather striking. 

niscrssioN or ocu aikthod 

We like our method for the following i*easons: (1) No separate counts of 
eiythrocytcs and idasmodia arc necessary; one merely gives the slide a hurried 
preliminary examination to select a suitable portion for study (a maneuver 
which precedes the use of all methods) and then begins examining erythrocytes 
and, almost incidentally, counting the plasmodia encountered, (2) There is 
astonishing uniformity in the number of erytlirocytes examined, as .shown in 
Table I, for the number of fields seen during the three minutes depends entirelj* 
npon the amount of time rvliicli must be devoted to the respective fields, more 
time being required of coui-se to look scpai-ately at each erythrocyte in a crowded 
than in a scattered field. One (luiekly learns to omit fields in which only a few 
erj-throcytes are present for this would obviously lead to error since the eye 
spends too much time in traversing unoccupied spaces, but this is easily accom- 
plished by clicking off the stop M’atch and then clicking it on again when a more 
satisfactory area has been found. Then, too, no assumption of uniformity need 
be made with our method, since within reasonable limits satisfaetoiy counts can 
be made, though the erythrocyte population of various fields differs quite widely. 
Each erythrocyte is looked at for the same length of time; that is the essence of 
the method. (3) By examining erythrocytes a full three minutes before declar- 
ing a smear negative we are reasonably sure it is really negative, for we have 
found upon innumerable occasions that a second study of three minutes and 
6^en,a third practically never turns up a plasmodium. Furthermore, this three- 
mmute study often enables us to find a plasmodium which would have been 
missed had Ave merely searched 1,000 ei-Adhrocytes ; there is one such instance in 
Bird 54S, as shoAA-n in Table I and Chart I. In our P. caihemerium 3H2 infec- 
tions the number of organisms increases sixfold to sevenfold in average instances 
between the first and second days; the necessity for detecting organisms on the 
I'ory first day is therefore imperative if one Avishes to begin treatment at the 
earliest possible moment. 

As AA-ith all methods this has some disadvantages, but the only serious one 
of which Ave are as yet aAvare is that it can be employed only if one uses a stop 
watch having a mechanism to exclude periods of interimption and record onlv 
the actual time spent in examining erythrocytes rather than the total elapsed 
time. Nearly every laboratory, however, possesses one or more such Avatches 
Of coui-se a period of training is required to make one adept in the use of the 
method, but this is true of all precise procedures. We have found that for tA- 
workers to be able to cheek each other ^s counts requires only that thev avot-I- t ° 
.gether for a little Avhile to adjust the amount of time actuallv snent 'in in i-- 
at each erythrocyte and also the speed of shifting from field' to field ° 


SUMMARY 


We have described a new method of counting plasmodin in ., ■ 
infections. Neither arbitrary numbei-s of erAfliroeytes nor plas^oiF^^ 
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counted, but instead tiie slide is examined for an arbitrary jioriod of tlirce min- 
utes, during M'hick each erythrocyte is looked at individually and the jdasinodial 
count is made rather incidentally to this examination of the erythrocytes. De- 
•spite the fact that one .studies fields which vary considerably in density in using 
this method, the total number of erythrocytes examined varies only slightly from 
slide to .slide. This method re(|uires le.ss time for its employment than the 
“standard” method, but enables one to examine more than twice as many ery- 
throcytes. We believe the new method also permits earlier detection of patency 
than does the “standard” method, 

iiei'ehenci-s 

1. Gingrich, W.: Immunity to Superinfcction au'l Cross-Immiinitv in Mtiluriiit Infection.*; of 

Birds, .1. Brev. Med. 6: lt>7, lO.'vS. 

2. Beckman, H. : An Expcrimcntnily Derived Mofiiod for Determining tlie Degree of Infec- 

tion in Avian Malaria, Am. .1. Trop. Med, 21: 1.^1. Ifi-tl. 


STREPTOCOCCAL HEIifOLYSIS IN VAHIOl'S BLOOD MEDIA* 


Eugene F. Tract. M.D., and M.vry S. JonN.«ON. B.S., Chioago, Tee. 


C ULTURES are commonly classified as hemolytic or nonhemolytic on the 
basis of their appearance as surface colonies on blood agar plates or 
slants. This classification becomes of considernhlo importance in view of the 
selective action of sulfanilamide preparations in tiicrapy. 

Most investigators have demanded of hemolytic strains of streptococci 
not only the production of hemoly.sis on an unspecified kind of Itlood plate hut 
also more exacting criteria, usually tlie liemolysis of definite suspensions of red 
blood cells of specified origin. Other workers have encountered strains wliose 
hemolyzing character depended upon the Icind of blood used. This variability 
in hemolysis is often a source of confusion in the exchange of eullnrcs between 
laboratories using blood from ditTerent sources. On moving our laboratory 
from the John McCormick Institute for Infectious Diseases, where sheep's 
blood had been used, to Rush Medical College where wo used human blood, we 
noted that some stock cultures consistently nonhemolytic had become hemolytic. 
We investigated the constancy of this important change in cultural character- 
istics. AVe also applied to our strains the tests for hemolysis advocated' by 
Brown.'^ 

Cummings’ favors inoculating suspensions of red cells to determine hemoly- 
sis. He regards as hemolytic only those streptocoeoi that uniformly lake human, 
o-uinea pig, and mouse blood. Those strains producing hemolysis of only cer- 
tain bloods he calls pseudohemolytie. Neither hemolytic nor “pseuclohemo- 
lytic” strains change chocolate agar. He found “pseudohemolytie” strepto- 
cocci regularly less virulent than the hemolytic. 

^rom the Laboratories of the Presbyterian Hospital ami Ru.sh Medical College. 

Received for publication, March 10, 1013. 
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According to llrown' the grccii-jirodncing strciitococci and pneumococci 
produced less hemolysis in human l)loo<l agar than in horse or rabbit blood 
agar. The amount of hemolysis jirodueed by B streptococci M'as insignificantly 
less on human than on horse or rabbit blood agar. Brown recognizes hemolysis 
only if produced within poured agar plates or in suspensions of red cells. 

To hemolyze is usually regarded as a constant, unvarying characteristic. 
Strains have rarely been reported as losing or aeejuiring this property Avhen 
identical conditions arc reproduced. 

Brown, Irons, and Nadler^ noted a decrease in hemolyzing ability after 
repeated .subculture. Dana and Murray^ describe two strains of streptococcus 
pyogenes as hemolyzing horse blood but as producing green and not causing 
hemolysis in human blood. They found another strain producing green sur- 
rounded by a hemolytic zone in .sheep and rabbit blood but tj’pically hemo- 
l.vzing all other bloods. They conclude that “since there are so few variations 
and since these mav be due to some outside influence such as immune bodies in 
the blood, it would seem safe to assume that the hemolytic property of strepto- 
cocci is fixed and constant.” 

Callow=> says “the fact that a number of strains of nonhemolj-tic strepto- 
cocci from the blood of rheumatic and nonrheumatic patients become hemolytic 
after prolonged cultivation may indicate that the hemolytic function can be 
suppressed. ’ ’ 

SIETHODS 

AH blood plates were made by mixing 10 c.c. of fresh defibrinated blood 
with 100 c.c. of agar that had been melted and cooled to the proper temperature. 
The plates were incubated for 24 hours before being inoculated. Cultures were 
streaked out until indn’idual colonies could be identified. These colonies were 
studied microscopically and macroscopically after 24 and 48 hours of incuba- 
tion at 37.5° C. They were then re-examined after 24 and 48 hours’ refrigera- 
tion. Five-tenths c.c. of broth culture of the same strains grown 24 hours in 
peptone ascitic broth was added to 1 c.c. of a 5 per cent suspension of Avashed 
sheep erythrocytes in normal saline. At the same time, a similar suspension 
of human cells was inoculated with these same strains. The supernatant fluid 
of these suspension cultures Avas examined for hemolysis after one hour in the 
refrigerator. The inoculations of a given strain on human and sheep blood 
were made on the same day, and the effects of colony groAA’th Avere noted at 
identical times. Other obserA'ers concurred in our observations of the bac- 
terial groAvths. 

Because dextrose may inhibit hemolysis, it Avas not used in any of our 
media. 

Of the 17 strains of streptococci studied, 12 Avere isolated from the rectum 
according to a preA'iously described method.® Tavo Avere found in throats one 
in the lAi-ine, one in the blood, and one Avas groAAui from the skin in erysipelas 
Two strains of hemolyzing colon bacilli Avere obtained from the rectums of tAv 

patients. One strain of hemolyzing colon bacilli was obtained from a snecimp! 
of iirmo. 
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RKSni.TS 

One strain of streptococci (Bo) consist(‘ntly hcniolyzcd liuinan blood while 
producing no hemolysis in sheep blood. This strain produced green on sheep 
blood on one subculture, and 2 montbs later was indifFerent on the same me- 
dium. It never produced green on buman bloorl. Two strains of strei)toeocci 
(O.ss, Endo) bemoly/ed sheep blood but not buman blood. Six strains of 
streptococci (Gen, Wym, Hal, !Mil. Mon, ery.si])elas) bemolyzed cnltures of 
both bloods but. bemolyzed sbeej) blood more. One strain (Wynr) i)rodnccd 
more hemolysis in buman blood than in sheep blond. Nine strains, including 
the culture from .scarlet fever and the 3 .strains of hemolyzing colon bacilli, 
bemolyzed human and sheep blood typically and to the .same extent. 

SUM.MAItY 

The ability or inability of several strains of strei)toeoeci to hemolyze de- 
pended partly or wholly upon the origin of the blood used to enrich the cul- 
ture medium. Hemolyzing ability <»r lack of it remained constant at least four 
months for a given type of blood \jsed in culturing, licsides an absolute dif- 
ference between colonies hemolyzing one kind of blood and failing to hemolyze 
another, there were clear-cut (piantitative ditTerences between amounts of 
hemolysis produced in the two kinds of blood. The vai-icty of blood that was 
to make up a medium to test hemolysis might be either .sheep or human but 
was always the same for a given strain. Taken individually, there was a great 
regularity in the reaction of these strains as regards hemolysis in a given kind 
of blood. In the group of bacteria tested, buman blood was as often bemolyzed 
as .sheep’.s blood. 

The hemolyzing or nonbemolyzing character of a given strain remained 
constant for a given tyiie of blood regardless of the method used to test 
hemolysis. 
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OnSBHVATlOXS BASIC!) OX A IjAKOTC SERIES OF COMPEEMEXT 

TITRATIOXS 


:\rj;i,vix E. koons, :m.sc., 3i.p.n." 
OiiAXn Forks, X. I). 


D URIXG tlic past four or five years Il)e successful application of the Kolmer 
complement fixation test in routine testing of l)]ood specimens has been 
due, we believe, to the use of hiph tiler complement. In recent com ersation-s 
with various serolosists who I'cjirescnted many laboratories, howcAer, the au- 
thor was much surprised to liear the many complaiTits regarding complement 
titration. 

In the Public Health Laboratories of the Xorth Dakota State Department 
of Health little trouble has been experienced Avith complement per se, AAhen 
a.sed in the Kolmer complement fixation test. In view of the difficulties ex- 
ercised in the complement titration, it was deemed worthwhile to point out 
the experience in North Dakota. Two points bear out the above .statement: 
(1) the consistent!}' low titer of complement as used in other serologic labora- 
tories, and (2) the available records of high titer complement as used in the 
North Dakota Public Health Laboratories. 

From experience mo.st serologists AA'ill agree that for the efficient perform- 
ance of complement fixation tests, good complement is a decided asset. The 
use of poor complement invariably gives a "sloppy” nin, accompanied by 
slow clearing of the test tubes with the end result of a large number of doubtful 
readings which are eventually proved to be negative. 

Many authors have pointed out the importance of diet upon the quality 
of complement ; hoAvever, no attempt will be made here to cite any specific 
literature. A complete picture of the entire sy.stem used in Xorth Dakota 
should suffice, and it is hoped some benefit may be derived therefrom. 


C.A.KE OF GUIXE.A. PIGS 


The guinea pigs used as a source of complement are full-grown male or 
nonpregnant female animals purchased on the open market. Xo particular 
breed is especially purchased. The pigs are purchased Avhen .small and grown 
to maturity in our laboratories. The animals are quartered in.side the year 
around, with the temperature of the room varying from 60° to 80° F.,' de- 
pending upon outside conditions. They are kept in metal cages of a size two 
by four feet, averaging from 10 to 12 per cage. Males and females are kept 
separately. The cages arc cleaned once a day and animals are fed each 
morning. 


The diet consists chiefly of Purina Rabbit Choiv Checkers (entire ration! 
manufactured by the Ralston Purina Company, .St. Louis. Mo. The ino-redients 
arc gro und oats, corn meal. Avheat germ, soy bean oil meal, corn <^erm meal 


•Director. Division of Labomtorie.s. Xorth Tinkota. .State Dfn-.rtrr,r.,.t 
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alfalfa meal, wheal mi(Ullinjj:s (.uray), molasses, riboflavin su))])lement, 1.5 per 
cent calcium carbonate (limestone), O.f) ]>er cent iodized salt. A portion of 
these checkers is kept in front of the animals at all times. Durin*: the winter 
the pigs arc fed freshly cut cari-ofs at least once a day and during the summer 
freshly cut grass is substituted for the carrots. Ilay is placed in the cages 
twice a week and year around, h're.sh water is ]nit in each cage every morn- 
ing and twice a day in extremely hot weather. 'With this diet our ex])ericncc 
has been that the pigs gain Aveight steadily and always look "avcII.” 

m-KKDINC. or ANI.MATJS 

All feed is removed from guinea pigs at least eighteen ho\irs before they 
are bled, although Avater is allowed in the cages. TIsnally from (i to 10 pigs 
are bled at each period. Aijproximatcly 8 c.c. of blood is collected from each 
animal. The pigs are bled about once every six Aveeks. 

The animals are lightly anesthetized Avith ether and bled from the heart 
Avith a 20 gauge needle and a 10 c.c. .syringe. Tlie blood from each animal is 
placed in a separate test tube and alloAved to remain at room temperature for 
approximately one hour. The tubes are then ]>laeed in the refrigerator o\'er- 
night. 

The folloAving morning the scrum is poured from the clots and centrifuged 
for ten minutes at approximately 1,500 revolutions per minute. The comple- 
ment is pooled and placed in tubes containing about six c.c., then ])laccd in 
the freezing compartment of an electric refrigerator at a temperature of ap- 
proximately -8° C. 

TITRATION OF CO.AIFLKMKNT 

Complement prepared as aboA*e gives a high usable titer for apjiroximately 
three Aveeks. The hemolysin used is of a high titer (generally 1 :S,000) and 
is purchased from a commercial house. The antigen used is purchased directly 
from Dr. John A. Kolmer in Philadelphia. 

The amount of complement needed for the day’s run is thaAved by ])lac- 
ing tube in a small amount of cold Avater about thirty minutes before titration 
is to be set up. A 1:30 dilution of complement is used in the titration. All 
saline used in the titration is kept in the refrigerator in a large flask ; hence 
cold saline is used throughout. 

In a series of ten test tubes the complement titration is set up as shoAvn in 
Protocol I. 

It Avill be noted that after the complement antigen and saline are added 
the tubes are placed in Avater bath at 37° C. for only thirty minutes; after the 
addition of hemolysin and corpuscles, the titration is read Avhen the tubes 
have been in the 37° C. Avater bath for only tAventy minutes. As in all com- 
plement titrations, the smallest amount of complement just giving complete 
sparkling hemolysis is the exact xmit. The next higher tube is the full unit 
Avhich contains 0.05 c.c. more complement. 

Table I shoAvs the results obtained on 612 complement titrations by closely 
adhering to the above procedure. 

Examination of Table I indicates clearly that most of the complement 
titrations shoAV a titer of 0.25 c.c. or over. Of the 612 titrations, 84.S per cent 
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^ave a titer which could l)c used in the complcnicnt fixation tost of 1:50 or 
above. Thi.s moans that only 15.2 jior cent of all complement titiations ga've 
such titer that complement was used below 1:50. Inrther study shous that 
11.0 per cent of those, below 1 :50 wore usable at a dilution of 1 :43. That the 
titers obtained were high is indicated by the fact that in 14.4 per cent of the 
titrations, complement was used at, a dilution of 1 :/5 or higher. The largest 
mnnber of titrations (70.4 per cent) showed that complement could be used 
at a dilution of 1 :50 and 1 :60. 


PP.OTOCOI, I 


tube 

complemext, 
c.c. (1:30) 

axtigex 
i>ose, c.c. 

SALIXE SO- 
LCTIOX, C.C. 


1 

0.1 

0.5 

1.4 


O 

0.13 

0.5 

1.4 


3 

0.2 

0.5 

1.3 


4 

0.25 

0.5 

1..3 


5 

0.3 

0.5 

1.2 


6 

0.33 

0.5 

1.2 


7 

0.4 

0.5 

1.1 


s 

0.45 

0.5 

1.1 


9 

0.5 

0.5 

1.0 


10 

None 

None 

2.5 



IIEirOLYSIX, 

CORPUSCLES, 

c.c. (2 

c.c. (2 PER 

EXITS) 

CEXT) 

0.5 


0.5 

0.5 

0,5 

0.5 

0,5 

0,5 


0.5 

0.3 

0.5 

0,5 

0.5 

0.5 

0.5 


0.5 

None 

0.5 


Table I 


EESCLTS of 012 COStPLEMEXT* TiTPvATIOXS 
Jaxv.\p.t 1, 1939 TO December 31, 1942 


XUUBER OF 
TITPa-TIOXS 

EX^VCT EXIT 

c.c. 

FELL EXIT 

C.C. 

PER CEXT OP 
TOTAL XEMBER 

TWO FULL EXITS 

Dmunox TO use 

17 

0.1 

0.13 

2.8 

1:100 

71 


0.2 

11.6 

1:75 

201 

0.2 

0.25 

32.8 

1:60 

230 


0.3 

37.6 

1:50 

67 


0.35 

11.0 

1:43 

16 

0.35 

0.4 

2.6 

1:37 


0.4 

0.45 

1.1 

1:33 

3 

0.45 

0.5 

0.5 

1:30 


O.o 

0.55 


1:27 

612 



100.0 



‘Frozen gruinea pis serum used in all titrations (1 day to 3 weeks old). 


The complement giving a titer of 0.15 c.c. and 0.1 e.e. were those titrated 
generally Muthin three days after being obtained from guinea pigs. The oppo- 
site was found to be true, in that those titers on the lower end of the scale were 
generally encountered rvhen complement vvas from 17 to 21 days old. 

COXCLUSIOXS 

1. The successful application of the Kolmer complement fixation for syph- 
ilis in North Dakota has been due to a large extent to the use of high titer 
complement. 

2. The care of guinea pigs, especially diet, is essential to the production 
of high titer complement. 

3. Complement kept in a frozen state has proved to be highly satisfactory 
when not over three weeks old. 

4. Scrupulous care as to technique will result in good complement titrations 
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Ax IxsTUUJtKXT roK On.iKCTiYi: MKASi'UKMnxT or Tin: Fm;oi!icsci:x€i: or tiu; 
Skix and Groans and tiii; Oiukctivk GrTruMiXATiox or (;ir<:i:i,atiox 
Tnii; AND Caimm.ary I’kumkaiiimtv 


Kurt Langi:, ano K. Kukwkr, Niav York, N. V. 


S OME time ago Lange and Boyd' showed lhal Ihiorescein, injeeted intra- 
vcnously as a 5 per cent solution and irradtale<l hy long wave ultraviolet 
can be seen in the capillaries of the skin and nineons ineinbranes. Tliis penuits 
the determination of eirenlation time to different iiarts of the body and the 
establishment of adequacy of blood supply to thes(> stnietures."- ^ I’^lnoresocin 
can be watched traveling with the blood stream, jiermeating the eajnllary wall, 
and staining the tissue cells. 

This method can bo used routinely as a simple ])roeedure to locate exactly 
the site of a vascular ocelusioir or to a.scertain how much blood flow to an 
organ or section of .skin is diminished by the difference in depth of .staining 
per unit of time. Exton.sivc studies made it obvious that an awnrenc.s.s of an 
area of diminished blood supply was extremely valuable; quantitative meas- 
urement of the amount of fluorescein ])resent at a given moment in any district 
of the skin or mucous membrane added eonsidei-able ob.jective information. 

Fluorescence of this dye is excited by blue and violet visible light ns well 
as by an ultraviolet light source. This makes it jjos.sible to em])Ioy an incan- 
descent lamp provided certain precautions are taken. While the ultraviolet 
light source equipped with adequate filters is unsurpassed for demonstration 
and visualization of vascular lesions, incandescent blue light is very convenient 
for actual measurements since it is smaller and produces less heat. 

When we adopted the incande-scent lamp for e.xciting fluore-seence, it be- 
came feasible to de.sign a compact unit which combines the light source as well 
as the phototube in rigid relative positions to each other (l-hg. 1). The exciting 
(primary) blue light impinges upon the body while the yellow-green fluores- 
cent (secondary) light (i.e., light of longer wave length than the primar.v 
light), of the blood stream, evoked by the blue light, is registered by the 
phototube; it is necessary to prevent the primary light from reaching the 
phototube by reflection from the .skin or organ surface. This is accomplished 
by a filter (Fig. 2), in the primaiy light beam and filter F„ set in front of 
the phototube. Filter F, transmits blue light only and absorbs practically all 
light of a wave length longer than 5000 Angstrom units. Convei-sely, filter F„ 


• TTroni the Department of Mcflicino. New York Xledicnl College, Flower and Fifth Ave- 
nue Hospitals and Metropolitan Hospital-Servica (Research Unit). 

Aided by a grant from the John .and Mary R. JIarkle Foundation. 
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al)sovl)s all liijlil of a wave UmiszIIi shorter than 5000 Angstrom units and trans- 
mits mainly yellow-groen light chai'acteristic of the fluorescence of fluorescein. 
Since all those filters have a small undc.sirahlc leakage in the infrared, the 
phototube selected for this work is entirely insensitive to infrared radiation. 



Fie. 1.— The dermonuorometer. The search unit comprising the light source and the phototube 

is attached to the leg of a patient. 


Phot of u be 


To Electronic 
Photometer-. 












Skin 

Fig. 2. — Schematic draTving of the search unit. Fi blue filter in front 

filter in front of phototube. 


of ligfht source, F; yellow 


Because of these provisions, the light registered by the phototube before 
Ejection IS negligible and is taken care of by a “background reading ” tvhich 
gives tbc actual degree of deflection of the in.strument before the iniection of 
fluoveseem. The defleetion following the injection of fluorescein therefore ref 


174S 
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resents the efi'cet. of tliis injection riinintitatively, Tiie eurrent output of tlie 
phototube is amiilifietl approximately tlx 10' in tlie eleelronie photometer,® 
Tatile T .shows the delleetions of the instrunn-nt wlien staiuhinl solutions of 
lluorescoin are tested; it ])roves that the ileviee defleels projiortionately to the 
eoneentration of tluoreseein employed. 

Ta.o.k I 

aiiA'Tiox <ir n,r(ir.i:sci:i.\ ina'i.reTio x ok ixsTiieMrST 

n ".00,000 TTiTi “ 

1: 1,000,000 »L’.o 

1 : ."i.ooo.ooo .i.r, 

1 : 10 , 0011.000 •_>’,( 


The instrument is used as follows; In a darl:eneil room, several test spots 
of the body to he examined are touehed with the instrument and the "baek- 
yiround” delleetion is noted, 'i’he instrument is then attaehed M’ith a usual 
rubber strap to the spot at whieh the cdi'eulation time is to be observed. Ten 
cubic centimeters of a 5 ]>er cent (tuoreseein solution are injected intravenou.sly, 
and the lime clapsin;„^ between the be<riimine: of the injection and the initial 
deflection of tiic instrument is measured with a stoj) watch. Tiiis (mnstifutes the 
circulation time to this area. A moulh])iece made from Incite, a translucent 
material, can bo used to determine the circulation to the !i[)s or jjunis if (his is 
px’oforrcd to visual observation. Mubseiiueiitly, all test sjiots an* touched with 
the in.slrument, and the deflections of (he photometer arc read, b’rom the re- 
sults thus obtained, “baclujiround*' readinj's are subtracted in order to obtain 
absolute fluorescein values. Thus a curve is obtained for each area of the body 
surface whieh indicates how much blood and. u-ith it. fluorescein is reaehintr this 
district per time unit. 

To prove that these delleetions are really de])endent upon blood supply, 
a blood pressure cufl was put around one thifrli of a patient and inflated to 
a pressure between systolic and <liastoIic level. Subsequently comparative 
readings were taken on the normal ami on the cnnijiressed leg of the patient, 
and the values were noted. Such a te.st is shown in Fig. 1 ], It indicates clearly 
that the values in the leg witli jiarlial occlusion are considerably lower than 
those in the normal leg. 

To standardize the values found with ililTcrent instruments, the following 
basis was adopted: one skin unit is the deflection caused by an alkaline fluorc.s- 
cein solution of 1:30,000,000 in a cuvette of 5 millimeters depth, the glass of 
which shows no absoiqition for the exciting light. 

The first part of the curve thus obtained depends primarily iqion the 
amount of blood reaching a given area per unit of lime and upon capillary 
permeability. It will be shown in another paper that changes in plasma pro- 
teins within physiologic limits do not influence the amount of fluorescein 
available for diffusion into the tissue fluids. The last part of the curve is 
.strongly influenced by the excretory function of the kidney. 

Fig. 4 shows a typical normal curve recorded at the leg, and the curve of 
a patient with arteriosclerosis of the extremities, and one from a patient suf- 

•The complete instrument was manuCactured for us accordinp to our specifications by 
the riiotovolt Corporation, New York, N. Y 
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Fip. 3. — ^Dermoniioromctor re:idlnKs in a patient Tvho had a blood pressure cuf£ inflated to 
a pressure between systolic and diasloiic blood pressure around one thiuh. 10 c.c. fluorescein 
Were Injected Intravenously. Ten minutes after injection the pressure in the cuff was released. 



Mytedemi 

— Hormat 

IJtitrioitt- 

P-YD- 





Fip. 4 . — Dcmiofluorometer curves of three path-ntc €^T^rt 
<^ 1 * 111120(1 arteriosclerosis, one from mj-xerlema, and ono A ^ufterinf: from cen 

eimulatlon lime in seconds from the arm to the lips .an,] to ^hJ; ripia !?» Cive fhe 

-Y ''P-cti\C'ly for each 
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I’crin^j; from myxedema. In myxedema, llie capillary pcrmeahilily is e.spe- 
cially and this may l)e tlio explanation for the peenliar .skin eondilion 

and the tendency to form transndate.s, ospeeinlly in the pericardium. By ap- 
plyiiifr the instrument to different parts of the extremity of an individual with 
peripheral A-ascular disease, very often the exact jdaee at Avhieh the artery 
narrows decidedly can he foretold. At the eorrespondiiifi skin level, .skin 
tluore.scenee suddenly decreases. At the same time the eiretdafion time to a 
limb with a p:eneralize<l arterioschn-osis is usually markcslly ])rolon.!'ed. In a 
normal person the arm to le;,' eirenlation time should not exceed twice the arm 
to lip time. Formerly this could he seen with lontr wave uHi-aviolet, hut now 
it can he measured exactly with the derinotluoroimdcr. 

SOMMAltY 

The instrument described permits (plant itative measurements of the iluo- 
rcseenec values obtained when ])atienls Avith vascular di.sorders are tested with 
fiuore.sccin. A .skin unit of fluorescein is defined. The exatU location of a vas- 
cular stenosis can he determined with this device. Capillary ]u>rmcahility can 
also he delcvmined. 
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RAPID DlAtiXO.SLS OF iMALARlA BY TUB FSB OF A 
AYRATTBX IdtillT FILTBR 


Ruimx CAitKS. Ma.ior, Al.C., Cami* Cookk, Cai.ik. 


C ONTRAST filters are necessary in iihotograjiiiy of colored or stained ohjcels 
hut can also he utilized in clinical mieroseojiy. 'I’lie visual contrast af- 
forded can shorten the period of search required in a innnher of microscopic 
examinations before a negative report is issued. 

A diagnosis of malaria after a short search for the parasite is not the 
rule. Many oil immersion fields ininst he examined before one intracellular 
organism is seen. 'When the young malarial forms, the “signet-ring” incro- 
zoites, are present, the closest study is required. In an early case or in a 
recurrence, the relative infrequency of infested red cells may cause the issu- 
ance of a false negative report. The paleness of the blue cytoplasm, often 
thinned out to little more than a line, allows an understandable oversight in 
running through hundreds of red cells. This is particularly true if no mature 
and larger forms are encountered, a not unusual condition. 

Received for publication, April 15, ISIS. 
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Tile tliick clroj) iiietliod of erowdiiic; llic red cells into the oil immersion 
field docs not often disclose the intrncelinlar location of the parasite. It is 
difficult to increase the stainin^r intensity of the malarial organism by the rou- 
tine lieinatologie stains. 

A suitahle light filter will produce the maximum contrast between the 
parasite and the red cells without of cour.sc affecting the stain for routine 
study. Blood stains are essentially a combination of methylene blue and eosin. 
It was found that of the various "W ratten light filters® the E light red filter 
(series 23A) has a siiectral transmission range parallel to that of eosin.’ 
iloreover, this filter transmits a higher percentage of incident light in the red 
part of the spectrum than does eosin. Consecpiently the red cells actually 
appear lighter. The ab.sorption of all blue (and green) light by the E filter 
renders the blue-stained elements distinctly darker. This contrasts sharply 
"ith the pale shadow or “ghost” rendition of the red cells. In a specified 
examination period 3 to 4 times as many parasites can be located as with nor- 
mal lighting. 

The simplest and least cxpensiA'c form of the E filter is the dye-stained 
gelatin film supplied in one- or two-inch squares obtainable at photographic 
snpply stores. A two-inch square can be cut up into a number of filters be- 
tween cardboard mounts. These can easily be fitted to cover either the sub- 
stage condenser or the ocular, and likewise can be instantly removed to study 
the located parasite by straight lighting. 

Where analagous problems in microscopic stiidies exist, the enhanced con- 
trast of light filters may similarly be utilized. 

RKFEKEXCE 

1. Lukiesh: Handbook of Chemistrj- and Physics, cd. 26, Cleveland, Ohio, 1942, Chemical 
Bubber Publishing Co., p. 2129. 


r. X. Y. 


•Wratten light nitcr.=. Eastman KoU.ak Co., Rocheste; 
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8. W. SArrJ.vtno.v, M.I).. Pint, U)i:(,rmA, Pa. 


T he mnrro.siMipic iiu'Emd of blood tyjoinr, when compared wilh lln- staiidtird 
mifvo.sfopic inetbod, offor.s advanltiiios of coonoiny in fiiiie .and orjiiipmenl 
and ease of liorformnnee and reatlin". It inabes lyjdni' afit'ld. surdi a.s ont.sidc 
of hospitals and under war eondilions. simjile and practical. If it can he 
sho^\^l to erpial or exceed the inieroscopic niolliod in accuracy, it would seem 
to be the method of choice. A trro.ss method of typin<r lias been dc.scnhcd by 
Thalhimcr and ilyroid for use with the "lobulin fractions of pooled .sera, the 
idea apptircntly bcinij that the scrum concentration thus attained would fur- 
nish agglutinatiiiff titer.s adequate for .such a test. The method ctmsi.st.s c.s.scn- 
tially in putting a large, drop of A and IJ serum concentrate .side by side on a 
card; placing a small drop of the undiluted blood to be tested at the .«ide of 
each drop of .serum; mi.xing the two drops with the adjacent blood: and. after 
a minute’.s rotation, observing the presence or absence of agglutination. 

"We used these concentrated sera and the method with the same .satisf.ac- 
tory re.sults indicated by Thalliimor and Myron, but v/hile <loing so and em- 
ploying unpooled and unconcentr.ntcd .sera for comjiarison. it was noted that 
single sera not infrequently g.avc equally good or siqicrior agglutination. This 
sugge.sted to us the possible value of an apprai.^al of unmodified single sera 
for the purpose. Accordingly, about 1.500 random sera were tested in various 
ways pertaining to the application of this method, controlling all results by the 
microscopic method. Sundry aspects of the results are submitted below. 

Undiluted Versus Diluted Blood . — rndiluted blood taken directly from the 
finger ncce.ssitalc.s .an immediate pei-formance and reading of the test but, on 
the other hand, requires little equipment and lime and ma.v be more desirable 
at the bed.side and outside of hospitals. Blood diluted with an anticoagulant 
m.ay he tested at one’s convenience as to lime and place and perinit.s repetition 
of the test when desired. Our preference for diluted hlood is based on the 
results of typing over 200 donors with both undiluted .and diluted blood ma- 
eroscopically and diluted blood microscopically. Here it was found that typing 
with undiluted blood was more open to error in reading re.sults than with 
diluted blood, as the greater eoiicentnalion in the former does not permit as 
clear a Aueav of the developing agglutination. Likewise, it was noted that 
tvping with anemic undiluted blood gave a clearer picture than normal con- 
centrated blood for the same reason. 

A blood dilution which gave a more readable agglutination than the use 
of pure blood and yet was not so diluted as to weaken tlie picture was one part 
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of blood to two parts of diluont. This dilution, while very satisfactory for 
macroscopic tests, is ton low for mi(*rosoopic work, which requires quite dilute 
suspensions. 



- ^ ' •-♦ V”I 
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r • 




nf D photographs show various dpsrrep<: of - 

• o Ulustrates absence of agglutination; p photo'wanh agglutination 

seen occasionally in dried mounts. pnotograph shows false clumping as 

The Blood Diluent.— Finchs," in a study of the role of colt x - 

in blood sroiipiiur te.st.s, found that hemagglutination with unheated auThTT T 
•serum was hastened and intensified in a hi"h salt eonemtnof 7 ^ 

„.o -«»- 

sodium chloride solution. He stated that .susnendiorr ^ Per cent 

-stronger sodium chloride solution is a safe way of avoidin^fatse^n^'^a^^^ 
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tions such as may occur on cross malclnufj. JIc also found that alllioufili llic 
speed and strength of aufilntinalions arc at tirst nnicl) increased with liinli salt 
concentration, the end titer may ho lower. 

On tliis basis, jrross blood typiiif: tests were done with a susj)ension of one 
part of blood in two ])arts of a 1 ])er cent solution <d’ sodium citrate in 2 per 
cent sodium chloride. Comparison of the results with this solution with those 
attained with a 0.9 per cent, .saline .solution confirmed the claims of Sacli.s. It 
was found that gross agglutination appeared uniformly more ])romptly in the 
2 per cent salt suspension and that the advantage, while not great, was of 
sufficient value to warrant the use of the stronger solution. 

Evaluation of Sera for 'J’]ipin(i . — As a first ])reliminary test, an effort u'as 
made to type 100 unselected sam])les of blood .serum by the gro.ss method, and 
this was successful in all but 2 sera in wliich the titer was too low to give 
conclusive clumping. In a second preliminary test, an attempt was made to 
type 100 red cell suspensions using as typing sera A and B samples of the 
random sera of the first e.vpcriment. In doing this, sera of average or less 
than average agglutinating strength Avere purposely employed instead of the 
stronger sera. The entii-e 300 blood .susj)en.sions were thus typed correctly. 

Having shown that blood may be readily typed by the macro.seopie method 
using either known sera or known red cell suspensions, the problem Avas studied 
more exactly in a series of tests of donors’ .sera by noting carefully the time 
of gross agglutination and the size and eharacter of the clumps and comparing 
these Avith the agglutinating titer of the ros])eelive serum. ’I’liei'e Avere thus 
tested and titrated 100 A and 100 II sera. It Avas found that the isohemag- 
glutinin titer and the agglutinative ability as measured macroseopically did 
not ahvays agree quantitatively, and that in oc(;n.sional indi\-idual eases, there 
Avas a marked discrepancy,® an experience similar to that of I’halhimer and 
iilyron.* On the Avholc, hoAvcver, as these authors point out in their Avork, 
there Avas a general trend toAvard correlation. A sei-um Avith a liter above 1/80 
Avas usually adequate for gross typing. But for the purposes of the test, it 
Avas found better to rely on the gross results as seen in the rapidity and read- 
ability of the reaction than the titer. The rapid ])rodue1ion of coarse clumps 
is the macroscopic evidence of maximum agglutination. Hera producing be- 
ginning agglutination in ten seconds or le.ss and complete agglutination Avithin 

•In the^ titration tests, (Ivc dilutions of scrum in normni .s.-illne were made a.-s follow.s; 
1:20, 1 *.40, 1 ‘.SO, 1 *.100 and l*.,j20. To 1 c.c. tiunntitic.s of .'iucli diiution.s in sniaii tc.st tuhes * 0 * 11 .*. 
added 1 drop of a 1:3 fresh svispensir- * * ,. * * , This mixture wa.s allowed to 

.stand an hour at room temperature. . • ,^nd then placed in the refrlK- 

erator overniBht to be eiven a nnal rc ... ■ j,,,j i,oiow lllu.strato.s aver- 

age comparatWe readinKs of tiler and macroscopic clumplnu. The second llhi.strate.s .selected 
examples of discrepancies in such rc.adlng.s: it Is only fair to sav Hint thc.se are rare. 


TYPK 

TITER 

ouoss 

CLUMriXO 

TYPE 

TITER 

GKOSS 

CLUMPIXG 

A 

1*.*40 

•f + 

A 

1:40 

4* + + -f 

A 

1:320 

+ + + + 

B 

1:40 

4" 4* 4" 

A 

1:80 

+ + 

B 

1:100 

4- + 

A 

1:100 

+ 4- + 

A 

1:20 

4- 4- 

A 

1:40 


B 

1:S0 

4- 4- 

A 

1:20 

+ 




B 

1:80 

•f + + 




B 

1:40 

-f + 




B 

1:320 

+ + 4-4- 




B 

1:20 

+ + 
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one niiiuitc were gradod -i- •!- Sera producing beginning agglutination in 
ten to fifteen seconds and complete agglutination in sixty to seventy seconds 
^verc graded + It is important to note that complete clumping may be 
present within these limits in the form of fine or medium-sized masses, though 
larger clumps may form later on standing. Sera grading 3 or 4 plus were 
serviceable for maei’oscopic tJ^ring. Thus measured, about 20 per cent of the 
A sera and 40 per cent of the B sera met these standards, so that one may 
anticipate that 1 out of 5 A sera and 2 out of 5 B sera will be adequate for 
niacroscopie tests. Tt is c.specially important to use strong B sera on account 
of the subgroups of A bloods, and this is not difficult as strong B sera are 
fiuite common. 


In the same way, fifty 0 sera were grossly tested and titrated against 
suspensions of A and B cells. Again it was foimd that the macroscopic clump- 
ing reaction afforded better indications of the agglutinative ability of the 
serum than titration. Usually 0 sera are stronger in anti-A agglutinins than 
anti-B agglutinins. In 50 sera, the anti-A were stronger than the anti-B 
agglutinins in 34 instances; in 15 instances, the anti-A and anti-B agglutinins 
were approximately equal in strength ; and in one case, anti-B agglutinin was 
stronger. Of fifty 0 sera, 34 gave a 3 or 4 plus cliunping reaction against A 
cells, and 12 gave a 3 plus clumping against B cells. As measured by macro- 
scopic clumping, about 2 out of ten 0 sera may be expected to give a 3 plus 
or greater agglutination with both A and B suspensions. Such sera are ade- 
quate for control tests. 


Cross typing of blood as a preliminary to blood transfusion involves the 
use of sera of unknown and perhaps low agglutinin values whether the tests 
are done by the macroscopic or microscopic method. In a series of 100 routine 
cross typings of donor and donee, in which both methods were applied, the 
gross method agreed with the microscopic test throughout. In our routine 
cross tjq^ing, however, we still employ both the gross and microscopic methods, 
as we v\ish by continued observation to be sure of the accuracy of the gi-oss 
lests before dropping the standard micro.scopic one. Our further experience 
suggests this will be possible. 

Reading of Results . — If the blood typing is done in the usual way, i.e. 
Using A and B + or +-r + tjT)e sera against the donor’s or recipient’s 
red cell suspensions, the gross clumping is so prompt and self-emdent in the 
great majority of instances that the type may be read macroscopically within 
a minute (Pig. 1 A, B, C, D, and B). If, on the other hand, an imknonm serum 
IS to be tjqied with A and B red celt suspensions, the rapidity and degi-ee of 
agglutination are dependent on the unknown agglutinin titer, and mav in a 
serum poor in agglutinins, exhibit slow action and poor cliunping. though it is 
nearly always possible to be certain of the t.vpe. Such result.s'are quite ex 
ceptional, and doubtful cases, when controUed by typing through the blood 
suspensions, usually prove to be the type originally suspected 


_ ith the usual large- and medium-sized clumps, the readiim is nerfeetl.- 
simple. Infrequently, when the clumps are fine and formation slow the re el 
mg IS delayed and sometimes difficult. Here and in other instances’ tb 7v' 
tional use of a high titer O serum may be helpful. For example, if there is 
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clun]])iiiy: willi A oi' B .sorniii .'ind dcfijiilc ('litiiii)iti^' udfli O .scrum, llic rcsiill.s 
are erroneous. Again, when lliere is (ioulill'nl or nnsalisfaclory aggltitiiialion 
with A or B sernm. the ahsenee of clumping Avilh O serum malvos it fairly 
certain the type is 0. If, after tlie tise of 0. A. and B sera, there is still dniiht. 
the test shoxild he reversed by trying the gross agglutinative effects of the 
serum of the blood to he te.sled against known emulsions of A and B cells. 
Under such circumstances, it .should he kept in mind that if the serum to he 
typed is an 0, it will n.sually ehunj) A cells very ])romplly before there is any 
visible clumping in the B cells. It is therefore e.ssential not to cease rotation 
of the card when A c!uni])ing ai)])ear.s. thus mistakiug it for B .serum, hut to 
prolong it to ho sure that the B cells also Avill not clump. 

Final readings for tyi)e .shnuhl he done while the mount is fre.shly wet. 
Card paper of the thickness recommended war)>s nuickly under the inlluence 
of the blood-scrum mixture, and correct reading is more dillicult if the test is 
put aside to be read later. We do not feel it is worth Avhile to jireserve the 
dried individual tests as part of the clinical record, as the .•i])pearanee changes 
somewhat in the dried specimen and in certain e.ascs may give a false impres- 
sion of IjlAC. In drying or dried blood-.serum mixture.s. a fme granulation may 
develop and he mistaken for true clumiiing by tlic inex]>erienced. (Fig. 1 F.) 
Negative bloods, that .is, those like type 0 which show no clumping with A 
or B serum, ai'o of neecs.sity rotated longer in watching for po.ssihlc agglutina- 
tion; but this should not be continued too long, for example, four or five min- 
utes, as a fine false clumping may be apparent. 

One .should not get the impression from the foregoing details, which arc 
given largely as precautionary information, that macro,scoi)ic typing is a matter 
of hazards and difficulties. On the contrary, we found macroscopic ty])ing 
quite as reliable as and more easily performed than the microseo})ic method. 
In the case of a tj'pc 0 patient showing weak in-egular isoagglutinins which 
clumped not only her own cells but all otiier O ty])cs, the !ihei-ration was ))ickcd 
up quite as Avell by the gross as the microscopic method. And in the case of 
a sailor, typed by the Navy and wearing an O tag, the macro.scoj)ic method 
detected the error and shoAved he Avas an A type. 

EqnUMKNT 

A, B, and 0 -}- + + -(- or + -t + typing sera in drop bottle.s. Keep, in inter- 
vals, in refrigerator. 

White card index paper or No. 2 Bristol hoard cut in strips 10 x 4 cm. 

Blood diluent, 1 per cent sodium citrate in 2 per cent sodium chloride. 

Capillary pipettes and nipples. Small test tubes (7.5 x 1.3 cm.). Toothpicks. 

Typing sera are easily obtained by taking an extra test tube of blood 
Avhen bleeding donoi’s. lATicn ten or more of these sera are on hand, appraise 
them by the macroscopic method against A and B blood suspensions. Tavo or 
more out of ten A\dll have a gross clumping value of + + + oj- + -t + + and are 
serviceable for maci-oscopic tests. 

METHOD 

Place 8 drops of diluent, measured Avith a capillary pipette, in the small 
test tube, and add to it, collected Avith the same pipette, 4 drops of blood from 
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the patient’s or donor’s fin^^'r. Tliis makes a 1 to 3 dilution Avliich Avill keep; 
it is of the proper density and sufricicnl in fpiantity for repeated tests. Imme- 
diately or at one’s convenience, place a large drop of each test serum, at least 
7 mm. in diameter, on a labeled card strip, and beside it, a small diop 
diluted blood, one-fourtb to one-tbird of the size of the seium diop. ot 
serum and blood drops will assume and retain an almost globular form on card 
paper. If two typos of sera arc used, the order from left to right should 
always be A aud B; if three arc used, the order should be A, B, and 0. ilix 
each' diluted blood and the respective serum with the flat end of a separate 
toothpick, spreading the mixture to a circle about 3 cm. in diameter. A^oid 
small circles. At once rock the card in various directions for a minute; let 
stand for twenty to thirty seconds; reroek the card for ten to twenty seconds. 
Read results while freshiy wet. In rare instances, when clumping is slow or 
indistinct in one or both mixtures, further rotation may be necessary , but this 
should not be protracted beyond two or three minutes, as a fine false clumping 
may lead to incorrect readings. Dried mixtures not infrequently show this 
fine false granulation. 

.SUilAI.VRY' 

In a study of the macroscopic method of blood typing described by Thal- 
himer and ^lA^ron, the following modifications are recommended : the use of 
diluted blood; a diluent of high salt concentration; the use of single, uneon- 
centvatod typing sera of high gross agglutinative ability. The reasons for 
these changes are discussed. 

In our experience Avith about 1.500 controlled tests, the macroscopic blood 
method of blood tvping here described equaled the microscopic method in 
accuracy and was superior to it in rapidity, simplicity, and economy. It has 
iiow been used as the routine method in our laboratories for four months with 
equally satisfactoiT re.sults. 
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AN INHIBITION PHENO^IENON IN FRIXJIPJTATION TESTS 
POP THE SEPODlAGNdSIS OF SYPHIEIS^ 


KACiiKfi Bkown’, f’n.D.. Am$.\nv. N. Y. 


T he purpose of this eoiuimiiiie.'ition is to ])oiiit out an inliibilion j)lu'noinen()n 
that may be a souree of error in the precipitation test for the serodia^inosis 
of syphilis. The colloidal state of some sera is such that, althoutrh reaction 
beHveen antigen and rcagin apparently takes place, the formation of visible 
aggregates is inhibited. A serum of hitrh activity may thus appear to be of 
only slight activity or to be nonreaetive. Tlic pi-opcrties of the sera that give 
rise to this phenomenon are not understood; but the technique of jirecipitation 
tests should be such that sera of this eharaeter may be recognized and their 
I’cactivity interpreted correctly. 

The inhibition phenomenon has been observed occasionally in an over- 
sensitive procedure,^"’ - and there is reason to suspect that it may occur also 
in other tests. Although inhibition of preeipitation may occur siTnultaneously 
with a prozonc reaction,^-* early recognized ns a .sotirce of error, the two 
phenomena appear to be distinct and should not be confused. The ])ropertie.s 
of serum that inhibit precipitation do not disap])car on dilution with physio- 
logic saline solution. It has been found, however, that centrifugationf of the 
tests of such sera will cause the formation of large ilaky aggregates. Similar 
treatment of typically negative t)r weakly reacting test mixtures docs not 
cause precipitates of this ehai’aeter. 

In Table I are presented the re.sults of preeii)itation tests performed on 
four successive specimens of blood scrum from a ])aticnt undergoing malarial 
therapy for syphilis of the central nervous .system. The sera were tested 
undiluted and in a series of dilution.s in physiologic saline solution with the 
antigen adjusted for oversensitive preliminary tests. \Vith the first three 
specimens, reactions originally of insignificant degree became marked on 
centrifugation for five minutes at about 2.'j00 revolutions per minute. The 
fourth specimen gave typical results. The attending physician knew of noth- 
ing in the patient’s history to account for the change in serum properties.^ 
These same specimens were examined with two other antigens for pre- 
cipitating activity. When tested in a presumptive procedure,'^ the first three 
specimens failed to react, while the fourth specimen reacted as follows: un- 
diluted, 2+; diluted; 1:5,4+; 1:10,4+; 1:20, 4+; 1:30, Ai-; 1:40, 4+; 1:50, 4+; 
1:60, 3+; 1:80, 2+; 1:100, +; and 1:150, They were also examined, for pur- 


^ ^re.";entea before the Ea.stern New York Brandi. Society of Americnn Bacleriologi.'it.o, 

April of Laboratories and Kesearch, New York State Department of Heaitli. 

Sved for publication, April 15. 1013. 

trentrifugation is a routine step m some precipitation procedures. 

JTbe sera from thirty-one other patients siinilariy treated did not show this peeullnr 
property.’ 
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poses of comparison, with a carefully afljuslcd mixture of rclativelj' pure lecithin 
nml cardiolipin® sensilizod with cholesterol. In thi.s instance typical results were 
obtained hy the rcfzular jirocedurc without eentrifutjation (Table I). Thus, al- 
though the colloidal condition of a serum is such as to inhibit the fomiation of 
a precipitate, thi.s irregular behavior is al.so influenced by the antigen. 

Table I 


PKAmxos OF PnKciFiT.\Tiox Kr..\cTioxs With Succe.ssive Specimen's of Blood SEP.Uii 
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Specimens were from a patient who had sj'philis of the central nervous sj-stem and was 
undergoing malarial therapy: all had titers greater than 10 in the quantitative complement 
nxation test."” 


T.able H 

Eepop.t.s of Pp.ecipitation Tests With Two Specimen.s Fp.om the Washington 

Sep.ology Conference 


TEST 


SPECIMEN 

NO. 

OVERSENSITIVE 

PROCEDURE 


B 

O 

D 

830 

3-1- 4. + -^ 

Positive 

Atypical 

Positive 

Negative 

Doubtful 

Negative 

1090 

• 1 . 

±, ±, +, -** 
Doubtful 
Atypical 

Negative 

Positive 

Positive 

Positive 


. 1 ,. , **The first tube containing 0.05 c.a of serum and 0.08 c.c. of antigen and the 
third tubes containing 0.1 c.c. of undiluted .-erum and of serum dUuted l -5 w-ith 0 fp 9 
antigen each, when centrifuged, read 4+. 4+, 4+. ^ '^-''2 c.c. of 

test.'i.’^''®''’® specimens had titer.s greater than 10 in the quantitative complement fixation 

Some of the discrepant results obtained in different te<?t procedures mav 
he due to this phenomenon. Table II records a few of the results obtained with 
t'vo specimens. No. 830 and No. 1090, in the Wa.shington Serologv Conference = 
Both specimens were from patients witli diagnoses of sj-philis of over four vearJ’ 
duration. Based on the results of the overeensitive procedure as nerfr i 
ro^ely, the specimens were reported as “at.vpical positive” and ”auS 

•Tho lecithin and cardlollpln were kindly supplied by Dr. JLarj- C Pangborn « 
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doubtful,” vospoctively. Subsoqiu'Utly llio t<*sls wv.w, (•ontnru"t!(!, iuid evideiipc 
of marked reaetious was obtained. 'I'lie eoullietin'r re])orls sutitiest tliat doubtful 
and negative results may be misinterpreted owing to failure to recognize tlie 
inliibition phenomenon. 

The problem is one that should l)e considered foi- individual i)recij)itati()n jiro- 
eedures; methods should l)e develo])ed where necessary by wliieh spisdmens tliat 
recjuire special treatmenl may l)e detected. Tlie recognition of tlie i)lienomcnon 
in a given instance would require the use of more than one reaction mixture 
to indicate atypical findings. 

coNcnirsmN.s 

The precipitation test for the serodiagnosis of sy))liilis is evidently sul)jcct 
to a phenomenon of in]iii)ition in whieli the reaction i)etween serum and anti- 
gen becomes manifest only under certain eomlilions. This inhibition appears 
to be distinct from the ])rozone iihemnnenon although the two may occur to- 
gether. The phenomenon is of suflieient importance to nspiire further investi- 
gation and careful considerati<in in the standardization of liie technical i)ro- 
cedure of precipitation to avoid the j)ossibilily of a false interpretation of the 
results. 
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CHEMICAL 


modifications in methods for the precipitation and 

ASSAY OF INCREASED A:\IOrNTS OF PITUITARY GONADOTROPIC 
SUBSTANCES IN THE URINE- 


Patricia H. Smith, ^I.D.. FrcucR Alhricht, AI.I).. and Elizabkth Dodge, A.B. 

Boston, ^Iass. 


T he demonstration of those pituitaiy «ronadotropic substances in the nidne 
which ai’e follicle-stimulating has depended upon their precipitation and 
subseciuent assay in a chosen test animal. Zondek (1930) precipitated urine 
'nth alcohol and used the ovanan response of immature rats as the end point 
of assay. Hamburger, in 1933, and Albright, Halsted, and Clony, in 1935, used 
the alcohol precipitation method of Zondek, but ob.served the ovaries of infantile 
niiee. Thomsen and Pedersen -B.iergaard (1936) used tannic acid and studied 
uterine enlargement together with ovarian weights in rats, and CaUow and 
Callow (1937) modified their tannic acid method of precipitation. Levin and 
T^^ldale (1936) also used tannic acid and were the fii-st to use the weight of 
the infantile mouse uterus as the end point of assay. Catchpole, Grenlich, and 
Sollenherger (1938) reported a method in which tiuigstic acid was the precipi- 
tating agent and in which mouse uterine weights were recorded. Heller and 
Heller (1939) used alcohol precipitation together with ovarian and uterine 
weights in immature rats as the test objects. In the experience of this labora- 
tory all of the above procedures have been tided with the exception of the method 
in which tungstic acid was used, and no one procedure has proved entirely 
satisfactoiy. A method has therefore been developed which gives consistent 
and satisfactoiy results; alcohol was chosen as the precipitating asent; the 
volume used was increased, and enlargement of the uteri of infantile mice was 
the criterion of a positive test. Besides its use in the .study of the menopause 
and in the sorting out of the various types of hypogonadism in males and fe- 
males, it has led to the elucidation of two clinical conditions reported bv Al- 
bright, Smith, and Fraser (1942) and Klcinfelter. Reifenstein and Albright 
(1942). - = 

choice of precipitating agent 


Both alcohol and tannic acid as precipitating agents received extensive tri 1 
laboratory. The former has given excellent results; the latter as here 

‘Tho fxpon.=e of 01!.=: study p.Trllv dc-fraverl bv Ibo 

Problems of Sox of the Notion.-il Re.'f.Trch Council.' ' <-ommiUc-o for Roye.-irch in the 
’TriV niolocical Ivibomtory of thr. 

ment of Mo.Iiclno of Harvard Medical .=cliooI. ' General Hospital and the Depart- 

Roceived for publication, .\ucust 1013 . 
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omployed'® was not con.sisloiitly snti.sfa«*tory {si-o Talilo 1). At tin; supgcstioii 
of Fcvold (1939), cifrlil volumes of alcolio! iiislcad of four wore employed, and 
the data sliowiiu^ the effieacy of aleohol as compared with taniii(! acid arc given 
in Table I. Since certain ])alienis after the menopause have so much ]ului(ary 
gonadotropic substances in the urine that an assay can be made by injecting 
sueh urine without precipitation into animals, yields obtained by this ])rocedurc 
(so-called “direct method”) were compared with those obtained by precipitation 
with alcohol or tannic acid followed by redilution. 

Study of the table reveals that positive assays were obtained more freipiently 
with the use of alcohol than with the use of tannic acid. Thus, of the ten cases 
studied, six showed better yields with alcohol than with tannic acid (Cases 
1, 2. 3, 4, 9, and 10); in four cases (5, 6. 7. and 8) the yields were the same; 
in no instance was the yield with tannic acid hotter. The reason for the com- 
plete failure of the tannic acid method in certain instances (e.g.. Cases 1 and 3) 
remains obscure. Since good results were obtained in some instances, it is con- 
ceivable that there is some error in tcehnipue in the method as used. 


cnoici: or .mktiiod or luoi.ocn; assay 

In tlie selection of the method of biologic assay one may clioose tlie rat or 
the mouse as the test animal and the ovary or the uterus as the significant organ 
of respon.so. Hamburger (1933) jminted out that the mouse ovary was a more 
sensitive test object for ])ituitary gonadotropic substaJices than the rat ovary. 
Albright, ct al. (1935) confirmed this. Levin and Tyndalc (1937) reported 
data in the use of the uterine weights in immature mice as the criterion of a 
positive test but used tannic acid as tlie preeijutating agent. This laboratory 
has followed the procedure of Levin aiid Tyndalc in the use of the mouse uterine 
weight but has departed from their dc.scril)ed ]>roccdurc in that (a) alcohol was 
the precipitating agent, (b) different .standards of jiormal uterine weights were 
establi.shed (vidcinfra), and (e) a different method of evaluating a positive 
test was used. Furthermore, it is strongly felt in this l.nboratory that (piantita- 
tions of the active substances ])rc.scnt should depend on re.spojise to various dilu- 
tions rather than on the degree of response of the test organ. 


CRITimiA I’OU NOH.'UAI, AND J’OU K.VI.AROK!) MOUSK rTKIU 


To establish values for normal uterine weights in uninjeeted 21-day-old 
albino female mice weighing hetween 5 and 10 grams, 98 anijiiais were autopsied 
and body and uterine weights recorded (Tabic 11). The eoeilflcient of correla- 
tion was 0.26 ± 0.06. This cocflicient is more tlinn four times its jn-obablc 


•The method used w.-is a modification of Callow and Callow (in.^7) : .v ..solution of nnal.vtlcal 
reaceiit tannic acid is freshly preiiarcd Just bcfoi-e use: .1 c.c. of .a 30 per cent -solution of 
fannlc acid per 100 c.c. of urine are added to a concentrated flrst-morniiifr .specimen which Im.“ 
been flUered through Reeve Angel filter p.apcr. No. 202, and pH adjusted to 4.5-5 before Oio 
addition of the tannic acid. The mixture l.s allowed to stand in the cold room 10 to 24 hours 

ond the precipitate collected into c.c. conical tu'— ' . .. ^lie precipitate is 

wished with 5 c.c. of acetone per 100 c.c. of urine voh ' placed In a .suction 

uesioStor overnight. The dry- powder may be stored ■ ■ ■ ■ ss of potency; .1 c.c. 

of hornx buffer (50 c.c. of 0.2 M boric acid (Ol.S Gm. . ■■ potns.slum cliloride 

fi Gm /L. = 1.0 M) is mixed wUh 29.05 c.c. of 0 2 And diluted to 200 

Added to the amount of dry powder obtained from 100 c.c. of urine, .and 5 e.c. of dl.s- 
riu,;,! wAVr is added. The mixture Is stirred thoroughly, and 9 drops of phenol rod added to 
mivfure arc used as an indicator. Adjustment to pH of S-9 l.s ;nnde by tlie addition of a 
r solution of sodium carbonate, and the entire mixture Is aliowed to .sUand at room 

for no less than one liour : 9 more drops of phenol red are added and the pH now 
*o 7 7 5 usiAg 2 per cent acetic acid. Distilled water is then added to make a final 
,^justea w I ^ves a solution, each 2.5 c.c. of which is egual to 10 mouse units per 

100 c.c. of the original urine. 
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Table I 


RKSIT.TS ok THK.EE JitCTRODS OK ASSAY KOK. PlTLTTAP.Y GON'ADOTP.OITC SUBSTANCES IN URINE 


sorncK. OK 

MAT Kill A I, 

METHOD or ASSAY" 

llIUKCT 

M.r./ino c.r. iivsvhT 

TANNIC ACID 
M.U./lOO C.C. RESULT 

ALCOHOL 

ir.L'./lOO C.C. RESULT 

iikyUUBUiiHi 


20 Negatii'C 

50 Negatii'c 

70 Negative 

20 -9 

50 4- 

70 Negative 

Case 2. G.B. 

MGH 2.U4SI 

40 XogatiA'C 

07 X'egafiA'c 

100 Xcgath'c 

10 4- 

30 Negative 

10 4- 

30 -f- 

Case 3. E. R. 

MGH 3295S 

40 Xegative 

07 Negative 

100 Negative 

10 Negative 

30 Negative 

50 Negative 

10 4- 

30 4- 

50 Negatii'e 

Case 4. A. S. 

MGH 17095 


10 4- 

30 -I- 

50 NegatiA-e 

10 -p 

30 4- 

50 4- 

Case 5. A. S. 

MGH 17995 

40 -r 

67 -K 

100 -r 

150 NcgatiA'C 

10 4- 

30 4- 

50 4- 

70 4- 

100 4- 

10 4- 

30 4- 

oO 4" 

70 4- 

100 4- 

case 6. A.M. 

MGH 

40 

67 + 

100 -r 

150 Negative 

30 4- 

50 . 

70 j^egaUve 

100 Negative 

30 4- 

50 4- 

70 Negative 

100 Negative 

Case 7. H.K. 

MGH 

40 4- 

07 -i- 

100 -i- 

10 4- 

30 Negative 

50 Negative 

70 Negative 

10 -f- 

30 Negative 

50 Negative 

70 Negative 

case 8. A. S. 

MGH 17995 

40 4- 

67 4- 

100 4- 

10 4- 

30 ,-t- 

50 Negative 

10 -P 

30 4- 

50 Negative 

case 9. E.E. 

MGH 32958 

40 4- 

67 4- 

100 Negative 

10 4- 

30 Negative 

50 Negative 

10 -P 

30 4- 

50 -p 

Case 10. Pooled 
spec., patient 
D.R. (MGH 
32958) and pa- 
tient A. S. 

(MGH 17995) 

40 4- 

67 4- 

100 Negative 

10 4- 

30 Negative 

50 Negative 

10 4- 

30 -P 

50 


Table II 

Data Showing Body and Uterine YVeights in 2I-Dat-Old Uejiale Albino Mice 
Weighing Between 5 ant) 10 Gp.ajis 


avt. of 


UTERINE TTEIGHTS 


TOTAL NO. 

AT. 

animal 

Cil. 



MG. 



uterine 

aveight 

mg. 

ANISIALS 

2.0-2.9 

3.0-3.9 

4.0-4.9 

5.0-5 .9 

6.0-6.9 


4 

5 

2 



11 



6 

4 

3 

10 

11 

16 

2 

6 

7 

2 

o 

o 

■1 

1 

20 

22 

31 


9.Q-9.9 

3 

5 

4 

p 


14 


error and is therefore significant, although the significance is of slight deoree 
It the data in the group of animals Aveighing less than 7 srams are excluded 
the correlation between the weight of the animal and the uterine Avei<^ht is in' 
significant, so that if animals within the Aveight range of 7 to 10 "rams 'are l" 
It is unnecessarA- to apply any correction factor to the uterine" weights o/in- 
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jectcd animals. To oslabli.sh the fact that the injection of thud alone had no 
effect on ntevine Aveijjhts, ftniv normal mice received threii times the voUnne of 
fluid used in the te.sl in the form of normal .saline. No uterine enlar^'omcnt 
was noted. 

In the series of normal control animals the averaue uterine weiixht (Table 
II) was 3.7 ± 0.')4 m;r, Tiie uterine weight can fluctuate by chance alone within 
the limits of twice the standard deviatioii, or from 1.7 mj'. to b.-o m". Even 
though the variation just given would cover ‘.If) ]u>r cent of possible normal 
weights in those animals whose body weights He between .b and 1(1 grams, it was 
felt that a higher value, e.g., 6 mg., for the up])er limit of normal would add 
significance to a ])ositiYe re.sult in a routine laboratory procedure. Therefore, 
a uterine weight of 6 mg. has been regarded a.s of beginning significance. The 
exact method of determining a ]>ositivc test is presented. 

i*nocia>EitK'' 

Prccii)it(iliou . — Sixty c.c. of a concentrated lir.st morning specimen of urine 
is filtered into a 1-litrc Erlenmeyiu' tlask. N’o specimen is aecepteil unless the 
specific gravity is at least 1.010. The jdl is adjusted to I.:!-;"), using nitrazene 
paper as the indicator and lb per cent acetic acid as tin' acidifying agent. Eight 
volumes of cold alcohol which has .stood at a temiiorature of not more than 24° 
C. are added. The mixture is rotated thoroughly and allowed to .stand at this 
temperature for twelve to forty-eight hours. The active princii)le. which is 
water-soluble, settles to the bottom as a i>recipitate. The tlask may remain at the 
reduced temperature for as long as a week without altering the results of the 
subsequent assay. The supernatant fluid is removed by suction (or by de<'nnting 
if it has stood for the longer period of lime), leaving a small amount behind in 
order to rinse out the precipitate into a 50 c.c. Pyrex conical centrifuge tube. 
All of the precipitate is collected into the conical centrifuge tube by use of a 
rubber policeman and repeated rinsings of the Erlenmeyer iia.sk with sui)er- 
natant fluid. The precipitate remains in the centrifuge tube throughout the 
subsequent ste])s of the ]n'ocedure. After conqflete collection, it is washed twice 
with absolute alcohol, once with anhydrous ether, and placed in a desiccator 
overnight. There result a dry powder which can be stored indefinitely without 
loss of potency if kept dry. The active principle is i)rcparcd for assay by 
dissolving the powder in 15 c.c. of distilled water and adjusting the pll to 
4.5-5 (as tested with nitrazene paper) using 75 ])er cent acetic acid. The 
water is allowed to stand in contact with the powder four to eight hours, and 
the mixture is stirred well at intervals no less than four times. If an in.solublc 
residue remains, the clear supernatant fluid is used for injection. There is no 
loss of potency if this solution stands for several days, but loss of potency can 
occur, however, if the solution is allowed to stand as long as fifteen days at a 
temperature of 24° C. or less. 

Whether complete x)i'ecipitation is obtained even with alcohol is, of course, 
a debatable point. Comparison of the assays in which alcohol was used with the 
assays in which the direct method was used (Table I) show some discrepancy. 
One explanation may be incomplete precipitation; another may be that there 

•The nroceOure here (riven has been slielitly niotUBea in the hnnas of Klelnfolter. Albrlrrlit. 
and Griswold (1043) in that calculations arc made in mouse units per twenty-four houis ratlier 
than mouse units per 100 c.c. 
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ai'o substances in the unprccipitatcd nrinc \s'liich have a direct effect on the 
mouse uterus causing cnlargeinent and which are removed in the various steps 
of the precipitating ju'occdure. Tlie discrepancy" needs further elucidation. 

A.s.sfly. — The assay is carried out on three 21-day-old mice, weighing be- 
tween 7 and 10 grams. Eaeli animal receives a total of 2.5 e.c. of the test solu- 
tion prepared accoi'ding to tlic procedure just described. Each mouse is injected 
as follows: 0.5 c.c. morning and afternoon of day 1; 0.5 e.c. morning and after- 
noon of day 2; 0.5 c.c. morning of day 3. Autopsy is performed the morning 
of clay 4. llacroscopic enlargement of the utei'i is considered a positive test. 
In doubtful cases the uteri arc carefully dissected, pre.ssed between filter paper 
to remove fluid, and weighed. The test is considered positive when the weight 
of the ntcrus is greater than 6 mg. 

If only two of the three animals have uteri weighing between 6 and 7 mg., 
the test is not positive; hut, if all three animals have uteri weighing between 
6 and 7 mg., the test is considered positive. If one of three animals has a 
uterine weight of more than 7 mg. and the other two animals have uteri weigh- 
ing less than 6 mg., the result of the assay is considered doubtful and is re- 
peated not later than the next day. A conclusive result is usually obtained, 
When, according to this teehniciue, three animals each receive 2.5 e.c. of the 
lest solution and show no uterine enlargement, there is less than 1 mouse unit 
of pituitary gonadotropic substances present in 10 c.c. of the first morning speci- 
men. lYhen the mouse uterus is enlarged in animals which have received 2.5 
c.c. of the test solution, the urine is known to contain a minimum of 1 m.u./lO 
O.C., or 10 m.u./lOO c.c. In order to determine whether the gonadotropic con- 
tent of the test solution is higher than 10 m.u./100 c.c., aliquots of this 15 c.c. 
of test solution are diluted from 2 to 9 times.® The assay is made with 2.5 e.c, 
of the diluted aliquots in the same manner as that described for the assay of the 
test solution. 


DISCUS3IOX 


Since the qualitative pi'esence of pituitary gonadotropic substances can be 
demonstrated in instances where their concentration is high by injecting the 
urine directly into the test animals without preliminary precipitation, the point 
uiay well he raised whether testing for various levels is necessary. The injection 
of unprecipitated urine into the test animal gives a positive result only if the 
level is as high as 40 m.u./lOO c.c. By alcohol precipitation the same volume of 
test solution injected is equivalent to 10 c,c. of the unprecipitated urine and 
therefore, levels as low as 10 m.u./lOO c.c. may be detected. For still lower 
values a modification of the Heller and HeUer method is now used in this labora- 
tory (Kleinfelter, Albright, and Griswold, 1943). 


Using the method of concentration and a.ssay just de.scribed, there was less 
m.u./lOO c.c. in the urine of normal women throughout the menstrual 


*In the use of three test animals a convenient table for maUins? dilutions follows* 


DESrp.ED 

ASSA T, c.c. 

30 
.*><» 

70 

so 


VOL. or TEST SOLUTION' 
SEEPED — C.C. 


VOI.. “?VATER 
TO PE ADDED C.c. 

s 

12 
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cycle with llio exception of one or two days at or near the time of ovulation. In 
menopausal patients any first, mornin" .sjn'cimen of urine Nvns ])Ositive for a 
minimum of 10 m.u./lOO e.e,, and valuc.s as lii;_di as 100 to lot) in.u./lOO c.c. 
were recorded in a few instances. 

While enlargement of the uterus was the criterion of a )iositivc te.st, it 
may he of interest that the ovarian response at the end of the 72-hour test period 
consisted of follicle enlargement only and corjioj’a lutea were never seen. In 
addition, the vagina of test animals was jiatent in instances in which the level 
of the jiituitary gonadotrojiic .suhstaneo was of the order of !10 m.u./lOO c.c. 
and over. 

In the practical consideration of the test dc.scrihed. tlie greatest difllculty 
may he in obtaining animals which meet the .specifications of the test. The 
procedure has merit in that, the precipitate may he stored until sucli time as 
animals are availahle, and since the mortality rate of injected test animals is 
low, a minimum numher of mice is needed. 


SUMMARY AN1> CONei.f.sKlNS 

1. In the method for the a.ssay of increased amounts of iiituitary gonado- 
tropic suhstatrees in the urine the precipitation of tiiose suhstances with alcoliol 
is superior to precipitation with tannic acid. 

2. Eight volumes of alcoliol is prohahly better than four. 

3. As a test animal, the mouse is move sensitive than tiie rat, and as a 
test organ, the uterus is ])rcferab!e to the ovary. 

4. The method u.sed in this laboratory is jircsentcd. 

The .author.'! wl.sh to ttmiik Dr. .Jacob Denmin for hl;t Ih'Ii) In the slnll.slleal ovnluatlon of 
(Ihtu, Dr. Hlrsch \V. Sulkowitch for hl.i .sUKKC-^Uon:! In the drvolopim'ni of the ntethoil, ami Dr. 
Rucker Cleveland for as.<!istanco In prtn'aratlon of the niunupcrlpt. 
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DOUBLE DISTILLATION IN ONE AND THE SAME FLASK* 


P. R.vvrAPOKT, Pn.D., Petaii Tiqva, Palestine 


T he principle o£ the double distillation in one flask was described by tis in 
1934, and was put into practice by the construction of an apparatus for 
tlie preparation of double distilled watcr.t The described apparatus had the 
disadvantage of working only half automatically, as the water supply during 
the process of the distillation bad to be regulated continually. These circum- 
stances have induced us to construct the apparatus, reproduced in Fig. 1, 



which guarantees a fully automatic double distillation. The apparatus consists 
of two distilling vessels (A and B), fitting into each other; A is heated bv sas 
or electricity, B by steam created by A. The outer flask (A) is connected to a 
constant level arrangement (N), which allows a continuous water supplv thus 
veplacing the w^ater, evaporated in A. Wlien the outer flask is heated the 
steam gets into the inner distilling vessel (B) through Tube R, and from there 
via 1 and 2 into condenser K. By condensation in the condenser part of the 
water runs do^^m as singly distilled water. Another part, after condensation 
m Glass tube 1, nms hack into ves.sel B and is condensed there wherein- the 
ot E ,l,c heigl., „t the drainage ti.be (U) ie eenstantK fllled 

■f F. ; Mikrochf'm. ir>: 302. 1934 
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with M-a1er. The eonstiuit hoalinp; l)y Iho slciun, comiim in from K, .'ind the 
heal in Hash A ofi'ocl a renewed distillation. The drainage ttdie (IJ) aids in a 
way as a valve, as llie eondensed water which iloes not reaeli a seeojul dis- 
lillalion ilow.s off. thereby obtainin<r a ennstant pressure and reirnlar boiliji". 
The inner vessel (B) is eonneeted by way of •ironnd .ioint and elastic wire 
spirals will) A, and is directly nndfed to the donhle /'onden.s'er, Jv, and lu. 



Thereby the apparatus becomes very handy and can be fixed on a stand. This 
apparatus supplies, provided appropriate dimensions arc talcen, approximately 
1500 c.c. per hour. The water gained this way has a conductivity of K==1.5 
. 10 — 6 . 

The principle of the one-sided double distillation can also be used for 
the rectification of different organic solvents with the aid of the apparatus. 



KAi’i'AronT: norni4K msTir-r^ATiox ix oxe flask 
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rcproclucorl in Fip:. 2. Tlio .solvent is fli.stilled from the outer round flask A 
into the inner vessel (B). Tlirou'rh continual heating by the steam coming 
through the Y-shaped tube (r), and also through steam present in bulb A, 
a second distillation into the inner vessel is effected. The water vapor gets into 
the distilling column (K) which is supplied with a thermometer and connected 
to a condenser. The column is connected by ground joint to vessel B which, 
according to requirements, can be fitted into flasks of diffei’ent sizes by means 
of suitable .stoppers. At the lower end of tube B a drainage tube (ii) enables 
the condensates to run off during the di.st illation, thus effecting constant pres- 
sure in both vessels. The same principle of inserting two bulbs into one another 



can also be profitably applied to steam distillation. (See Fig. 3.) Through 
tube z steam is led into the liquid that is immiscible with water in flask Y From 
there the steam reaches B over tube r. The condensing steam collects a<^ain 
on the bottom of the inner flask which commmiieates throimh draina^-e tube U 
m’th the outer flask and thereby stands imder constant pressure The'oil loaded 
steam, further produced in B. leaves through lead k into the condehser This 
apparatus too may be furnished with stoppei-s instead of ground ioint’s i 
can thereby be connected with fla.sks of different sizes ’ 
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IX RLOOn*> 


F. Kai’paj’oht, Pii.l)., Axn Ti. Uanki!. 


PlTAII "I'njVA, 


Pam'-stin): 


T he following inetluKl, wliicli is Iwscd on lln; jnotliod of M. lijnngdnlil,! 

allows llie (Ictcnninatioji of acoloin' bodies aeeiinitely and f)uielvly in 0.2 
c.e. blood or .sennn by inean.s of a simple and easily handled a]ii)aratus. The 
distillation appavalns (see Fig. 1) eonsisls of throe i^arts; 

(1) The di.stilling Hash (A), whieh is a of) r,c, Erlenmeyer fla.sk eonneeted 
to the distilling headpiooe by a ground joint. 

(2) The distilling headpiooe. When in use the eonneetion is seeured by a 
pair of elastic springs (/). The headpiece consists of a glass tube, the ends 
of which are bent downwards at an obtuse angle. Tiic shorter side (a) is 
widened at its end to a scinisidierc (h) and is ground on to the distilling flask. 
The second and longer side (b) seiwes as a dro]»ping tube and is surrounded by 
an external condenser tube for eonden.sing the distillate. If there is no nui' 
ning water available, it is sufficient to fdl the condenser with cold water once 
for each determination. The wa.shing of the ni)juiratus is done through the 
.side tube (C), whicli is attached to the middle ])art of the distilling top piece. 
This lube (C) is e.xtondcd to a capillary (D), running parallel to the axis. 
During the distillation, the tube is closed by a cork stoi)]ier. The glass rod, 
which is scaled on to the top of the semispheric ground .-joint and whieh ends 
closely above the water seal of the distilling fla.sk, ]>revents boiling over. 

3. The receiving vessel (B). a iiO e.c. Erlenmeyer lla.sk, which is connected 
to the apparatus by a double clamp (S). One clamp holds the ve.ssel; the 
second one is fixed to the condenser and can be moved so that the end of the 
distilling apparatus, according to rerpurement, is immersed into liie received 
licpiid or ends freely above it. To facilitate work dui-ing the distillation a 
hinge is fixed on the clamp carrier, thereby pntti)ig the flask in an oblique 
position and making it possil)lc to shake if. backwards and forwards as well. 


iu:AonN'T.s 

1. Diluted phosphoric acid solution. Two to three di-o]>s concentrated 
IT3PO., to 100 e.c. distilled water. 

2. Iodine solution. O.T-o e.c. I-.IO N-Iodine solution and b c.e. 20 per cent 
sodium hydroxide are filled up to .bO c.e. with distilled water. (Prepared 
daily.) 

3. Potassium iodide in crystals. 

4. Concentrated hydrochloric acid diluted in ecpial i)arts with water in a 
droppiiig bottle. 

5. 1:1000 n-sodium thiosulfate .solution. 

6. 0.25 per cent starch solution. 

• From The Biophcmical T^'xboratory ot the Beilinson Hospital, Petah Tiqva, Palestine. 

Received for publication, April 8. lOJS. 

fEiPC Miliromethocle zur Bestimmung dcs Total-Acctons ini Blute Bioebem, Ztschr. 9G: 
345. 1919- 
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Before beirinning tlic clcterinination, the distilling apparatus is rinsed 
with distilled water through the side tube (C) and the opening is closed quickly 
with the stop])er, so that a small column of liquid in the capillary (D) closes 
the latter against the inside of the distilling headpiece. The ground neck part 
of the flask (A) is moistened with a bit of water. By means of the elastic 
springs the fla.sk is fixed on the semisphere of the distilling headpiece. On 
the other side of the apjiaratus a flask (B) is clamped. Then water is heated 
in A and distilled into B until cleanness of the apparatus is fully a.ssured. Now 
the analy.sis is started with the determination of the “blank value.” 



Fis. 1. 


As receiving flask, flask B containing exactly 2 c.c. of the iodine solution 
\~) IS fixed to the apparatus so that the distilling tube is immersed in the fluid. 
'1 the other side a distilling fla.sk (A) containing 4 c.c. phosphoric acid is 
xecl in the manner explained above, and is heated by a small flame. The phos- 
Pionc acid is to be measured in a .small, narrow-mea.siiring cylinder in order 
pbetfT^ ^stakes arising from traces of alcohol, ether, or acetone left in the 
^ ^ contents of the fla.sk have boiled for three minutes flask 
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B is pushed down, so llial the distitlin" tidii! is no lonpo'r immersed and jioes on 
boiling for only another minute. Hventually distilled water is rinsed tliroimh 
the opening (C). 

Some ery.stals of potassium iodide, hydroehlorie aeid, and a fev/ drops of 
starch solution arc put into flask B. It is shaken and then titrated with 1 dOOO n- 
sodium thiosulfate, solution. The value ihns found is the “blank value.” .It 
must be equal to the value found when adding potassium iodide, iiyilrociiiorie 
acid, and .starch .solution to 2 e.e. of iodine .solution in the same way in a re- 
ceiving fla.sk and when titration is carried out without any distillation. When 
this is not the ease, the distillation must be repeated. Once the “blank value” 
is found, the actual determinations can be carried out, one after tlu? other. This 
is done by adding, using the i)recautions nee(>ssary in exact analytic determina- 
tions, 0.2 e.e. of the blood or .serum to be examinerl to tin* measured amount of 
phosphoric acid in iiask A, which are attached to tb.e apj)aratus in .succession. 
Distillation is carried out .fust the same as described r(»r the determination of 
the “blank value.” Titration of the iodine soUition in Ihisk B. earriisl out 
subsequently, gives the full values. 


(:Ai.cri,.vnoN- 


“Blank value” minus sainjile value multii)led by -1.82 gives the acetone 
content in mg. i)er KIO e.e. 


Example : 

Blank A’alne 2.72 

Samiile Value 1.24 

Difference l.tlS 

1.38 X 4.83 = (5.6004 mg. jier 100 e.e. acetone. 

The figures given in the aecomi)anying tables jn-ove the utility of the method. 
1. Amount of e.e. n, 1000 thiosulfate solution required with diluted acetone 
solution. 


Without Distillation With 

0.4.", 

0.90 
1.34 
1.79 

2. Blood and .serum to which measured amounts 
always gave values that corresponded to the amount of acetone found in the 
blood plus that added to it. 


Di.st illation 

0.44 

0.91 

1.32 

1.77 

of acetone were added 


Example : 

Blood 

Acetone Solution 
Calculated Amount 
Blood Plus Acetone Solution 
(Value Found) 


0.78 e.e. n.'lOOO of thiosulfate solution 
1.34 e.e. n/lOOO of thiosulfate .solution 
2.12 e.e. n/1000 of thiosulfate solution 
2.10 e.e. n/1000 of thiosulfate solution 


SUMMARY 

A method is described which allows the determination of the content of 
acetone in 0.2 c.c. blood or serum \vith gi-eat accuracy and a simple ai,])aralus. 

n,is work was hegun in Vienna ana completeO in Palestine. 



BOOK NOTICES 


Chemotherapy of Gonococcic Infections^'- 

'^EEATMENT of gonococcic infections with tlie snlfonniniiJe drugs is presented from the 
standpoint of a streamlined program of practical value. Choice of drugs, dosage, and 
toxicity are fully discussed. Special mention is made of the infectious carrier and the sul- 
fonaniidc resistant case. Various methods of treatment such as fever therapy combined with 
a sulfonamide and vaccine combined with a sulfonamide are discussed, as are treatments of 
specific complications. 

Of particular value to the busy jiractitioner is the omission of discussions of history, 
bacteriology, pathologv-, and endoscopic examination and treatment. 

The problem of diagnosis and determination of cure in both male and female are 
stressed. At the end, certain investigative problems are briefly presented, and case outlines 
are given to illustrate points in diagnosis, treatment, and complications. 

The book has a high practical value to the practitioner as well as to the specialist, in 
Its adequate, concise presentation. 


Blood Groups and Transfusionf 

'^HE third edition of Dr. “Wiener’s book Blood G-roups and Transfusion has much new ma- 
terial, necessitated by the many advances in whole blood and plasma transfusion, as de- 
veloped in the last few years. The presentation is very comprehensive. It includes discus- 
sjon of blood groups and technique of grouping, selection of donors, indications for transfn- 
aons, methods of transfusion of whole blood, plasma, and serum, reactions and complications, 
and the organization and use of blood banks. There is a chapter on the history of transfu- 
sion, and sections are devoted to the heredity of blood groups, the newly recognized Eh fac- 
group-specific substances in organs and body fluids other than- the blood, medicolegal 
application of blood tests, and technique for the identification of blood stains. There is a 
verj interesting chapter on anthropologic studies of blood groups and on evolution of the 
Qinan blood groups. 

This volume should have a wide field of usefulness. 


The Physiological Basis of Medical Practice! 

^IKCE its first printing in January, 1937, Best and Taylor’s Physiological Basis of Medical 
^’^^atice has had three American editions, one Spanish, one Portuguese, and has had a 
0 a of twelve printings. ?7umerous recent advances in the application of the phvsiologic 
cipies to clinical medicine, many of which have been occasioned by the exigencies of war, 
^®'^®-^hated many additions throughout the book. As formerly, the volume is pri- 
^ J a work on applied phvsiologv, useful not onlv as a text for medical student® but a® a 
volume for clinicians. ' ’ ' “ 


of Gonococcic Infection.®. By Russell D. Herrold. B.S.. MD -V<==nci!.fo 
Cloth i Surgeiw- (Urolori-). Collegre of Jleilicine. - -'^--pciate 

’ pages. S3. no. r* 


Ciothr IS- Collegre of Medicine. University of Iirinol^**Chica’co* illlnoi«f 
Vtp, P^ses. $3.00. The C. V. Mosbv Company. St. Louis, 1943. '-moago. lllmoi.®. 

oJ^"ce^o?-?,fe“?!S?ef .!adi^a'f’=g5f^'‘inlr 

^ 'Thomas. iTrin;"8^"eldriie& ?'-50. Char?*; 

Hbysiolon- Basis of Medical Practice. .\ Universitv of Toronto Te-vrt ir, i. , 
Profe.s^oPanrt w^??''’’!''^ Herbert Be.®t. M.A.. M.D.. D.Sc. (Bond.), F.P..S. F.R 5 p -'■PPHcd 
toplrtc- . Head of T^en.nrtrnPTlt rtf • \ a/ . Z. 

nai; 
rch 

•). F.R.C.R 


Hy ChSrles Helbert EeSL M.A..' M:B.r ^Sc." (B^nd.t 
toric.s; Re^earS, ? Department of Phy.®iolosj- ; .\ssociate Director of the Conn'auch?^??i?‘^ ’ 
Toronto linJi i^.^sociate m tlie Bantins-Be.®t Department of Medical Research 
'Canada) Hurke Taylor. M.D.. F.P..S. (Canada). F.RC« rPdiVi’''Jl';?vsity 

Third (Eng.). DR.C.P. (Bond.). Profes.sor of Phvsiolog^- Univir^ff-?iv J^-H-C.P. 

Pnses. $10.00. A IVilliam Wood Book. ^The AVimaS> 3 l Wifkm”; 
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Allergy, Anaphylaxis and Immunotherapy " 

T HK I'lmtonl;; of Katnor's iuiok. Allcriiii. Aitnj>h}ihiTif^ «n<l Imiiiuri<ith< rttin/ in tiotlor ()e- 
Pi'ribi'il in tlic Milititlo, ‘‘A Troatino I’rosouliuK tlio .I'limlamontul I’riiii'ijilos and I’rurtii’c 
Governin}! tho Upp of Aafisora, Vaffiiu“:, Toxoiits. Ulooii 'i'ran!<ftipiotm, Ulood .Stib^GfatPs 
and Sulfoaamidos, in tlie rrovoution uad I'H-atuioat of lafi'ctiouH Tdi-oasrs and of IIip Allorj^ic 
Phcnomoaa KcsuliiaR Froai 'I’ludr I’m?.'" 

l( aiav lip dpscrilipd as a liook on itnaniaottiorajiy with lumiolocoii*; and li(‘(<‘r«lo(i(iiis 
spra, vappiap;-, and solfonainidos. witli tlio diM-as-;ioa of allprjrii' and otlo'r rpspoascs. 'flip 
analysis of oxjiprinipnlal work in llu* fiold naili>r disi'iissioa, iaidtidiag the natlior’s own con- 
tviVnitions, is sjdpailidly arraajipd and POin|dpUdy uii-lo'dati*. 

The hook will ho of Kieat value to allergists, iianiunolonists, si'rolot;ists, and is esjie- 
eially opiiorliiae heeaiise of its usefulness to all jdiysieians who liave oerasioa to aive whole 
blood or plasma transfusions. 

There is a seetion dealing with spisdtie imnuiaotheiapy in the various infeetious dis- 
eases. 


CORRESPONDENCE 


In view of the need for jiathidope material in imder-;:i!iduate and ”r!idi!:ite edueation. 
the CoaunittPO on I>athid<i<ry of the Xational lleseareh ('miaeil tiroes that till wlio liave suitable 
anatomic specimens forward them to the ('urator of tlie Army Mt'ilii-.-d Museum, Wjishinjzton, 
I). C., for correlation and distribution to otlier eentral tiftimeies iiml to tesieliino institutions. 
Material from tho following; is particularly wanted: the malari.al diseases, haeillary dysentery, 
endamehiasis, the schistosomiases, filariasis, the trypanosomiases, the relapsinc fiwers, the leish- 
inaniases, tho rickettsial diseases, yellow fever, eholerji, phiciie, and yaws. On application 
to the Curator, arrany;ements for tninsportiition will be made. 


‘Allerfrv, Annnliyla.xi.s and Iiiiiminotlioran.v. Ujmle Principle.s and rracllce, A Tieatl.se 
Presentlns tho Fundamental Principles and rnictlce Governing tlie ll.se of Antisera. Vacclnc.s, 
Toxoids lilood Tinn.sfu.sion.s. Blood Sub.stllutos arrd Sultonamldcs, In tlio Prevention and Treat- 
ment of Infectloms Diseases and of the AIIoi-kIc Phenomena Re.sultinp From Their U.se. B.v 
Rret Tiatner. M.D., Clinical Professor of Pediatrics, New York Dnlverslty ■ ' • 

VMsitlmr Pediatrician and Director of Pediatrics, Sett View Hospital; Assoc ■ 
di-en’s Aledical Service, Bellevue Hospital ; Consultant Pediatrician, French ' ' ■ 

cloth, $8.50. The Wllilams & tVilkins Company. B.altimorc. ints. 
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CLINICAL AND EXPERIMENTAL 

THE PRODUCTION OF STAPHYLOCOCCUS ANTITOXIN* 


J.-urES B. ■WR,v^•ER, ]M.D., ]\L\ry IYhelax Tyler, M.D., .\xd 
Doris K. Schijerjiax, A.B., Kaxsas City, ICvx.', 


^HE tis.sTie, or tissues, responsible for the production of staphTlococcu-s anti- 
toxin are not kno\vn, but it is generally assumed that such production takes 
place somewhere in the hemopoietic sj'stem. In an effort to throw some light on 
this problem, the authoi-s have done two tj^pes of experiments. First, various 
components of the hemopoietic system were “blocked out” in experimental an- 
imals and the immune reaction of these animals to staphylococcus toxoid as anti- 
gen -was obseiwed. Second, extracts from various tissues of immunized animals 
■'■vere examined for the presence of antitoxin as indicated by the titer of anti- 
hemolysin. 


JEETHODS 


White rabbits of five to six pounds each were used in aU experiments, 
imulation of antibody production was produced by subcutaneous injection of 
^eclerle’s staphylococcus toxoid three times a week, the initial injection being 
•1 C.C., and the dosage increased by 0.1 c.c. at each injection until a total of 1 c.e. 
I'as given at one time. The injection period, therefore, covered a little more 
an three weeks. Titei-s of antihemolysin were determined Dvice a week. This 
Pioeedure was followed in each series of experiments, and in some sei-i&s total 
eucocyte and differential counts and hemoglobin detenninations were done dailv 
01 three times a week as indicated. In most cases the animals were .sacrificed at 
e end of the study period, and sections of bone marrow from typical Ion" 
and fiat bones, spleen, and liver were taken for microscopic study. The results 
ot the study of the microscopic slides will be reported in another paper. 


From the Hixon Rese.irch Laboratorj- of the Universitv of Kansas Vledical '^chool 

nom the u"s:'^p"b“nc nSse^t-ice? derived 

Received for publication. Mav IT, imn. 
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rOXTUODS 

A scries of six control aniiinils was run, and. in addition, two controls were 
studied concurrently with each series of ex]>eriinent.s, niakinir a total of nineteen. 
The results obtained in each individual .series were <-om))ared airainsi this rela- 
tively lar^e nuinhor of control animals. 

Seventeen of the 111 control rahhils had no initi.al .'infihody lifer, white two 
had O.G international \inits of antihemolysin ])er c.e. hefore toxoid injeelions 
were heijun. The.so rabbits varied .somewhat in the len^dh of time re(iuired for 
the rcsimnse to stimulation, the antibodies ai>))eariim in the serum from the 
eleventh to the twenty-ninth day after the first in.iection. flie av('ra)j:e for the 
whole sei'ies hein<r the eij^hteenth day. The hitrliest concentration of antibodies 
in the serum was reached at intervals between the eitrhleenlh and the fortieth 
day, the avera^m heiii" twenty-two. 

m:NZi:Ni: 

It has lon<r been known t!\al benzene, has a d(!i>vossanl action on the. hone 
marrow, affecting ])rimarily the elements having to do with the formation of tlie 
leucocytes. Krackc' has shown that benzene given subciitaneoiisly has a marked 
depressant action on tlie M'hite blood colls, particularly the granulocytes, and that 
the erythrocytes are little afiVeted. This is true, exccjit that there is a definite 
drop in hemoglobin after benzene in.ieelions have been continued for .some time. 

The authors have observed that rabbits have a variable individual resistance 
to this .substance, so that many of them died ijuiekly with a very low leueoeytc 
count, or in an apiiarently veiy toxic condition when the white cell count was 
not at what coidd be considered a eritical level. Autopsy on these animals 
showed nothing grossly abnormal. Tlic final series consisted of 9 rabbits wliich 
survived long enougli to receive the full dosage of toxoid. In addition, there 
were 4 ralibits which received from 0.5 to 0.7 c.e. of toxoid at one time. The 
general procedure in this series was to inject 1 c.e. of benzene pm- kilo of body 
weight subcutaneously daily until the leucocyte count reached ‘3,000 or less, and 
then to inject at intervals the amount of benzene m-eessary to keej) the lencoeytes 
at approximately 2,000. When the leucocytes had been suftieiently deprc.sscd, 
toxoid injections were begun. It was not uncommon for the level of the total 
white cells to reach relatively high levels, probably due to an effort on the part 
of the bone marrow to overcome the rajfid destruction brought about by the 
benzene. 

Of the 9 rabbits in tliis serie.s, 7 had no initial titer and did not begin to 
show serum antibodies until twenty to foi-ty-one days after toxoid injections 
were begun (average, twenty-seven days), and reaching the height in fi-om 
twenty to forty-eight days (average, twciity-six). Three never did develop a 
titer. Chart 1 shows four graphs wliich arc ty])ical of the results obtained in this 
series. Observe the extent of the elepression of the leucocytes produced by 
benzene injections, particularly in the ca.se of Kahbit, 12, and the delay in the 
appearance of antibodies, as well .ns the small total amount, of antihemolysin 
pre.sent. As shown in Chart 2, in which Uhe average curves of serum anti- 
hemolysin for both controls and benzene scries are plotted, there is a distinct 
delay in the appearance of antibodies in the benzene scries, and the total oonleut 
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is mucli lowtjr Ilian tlial of llio control scries. Kabbit 32 sliows the combined 
effect of benzene and fo.xoid very ivell. This ralibit was studied for somewhat 
over tlivce months after benzene injections were begun.^ The leucocyte count wa.s 
kept at a very low level most of the time, with the occasional ele\ation.s mentionec 
previously. This rabbit had a negative liter for forty-one days after toxoid ui- 
jections were begun, in spite of the relatively heavy dose of antigen ghen.^ n 
this case the total dose was eari'icd to l.b c.e. and an additional 1 c.e. nas given 
.it weekly interv.ils for two iujeefions. It was not until a week follovving t e 
last injection that a positive titer was demonstrated. The rabbit die wnt a 
leucocyte count of 200. . p 

At autopsy these animals showed nothing grossly abnormal except for a 
very pale honc marrow. Fig. 1 show.s bone marrow from normal control rabbit.s. 
In contrast, Fig. 2 shows the hypoplastic bone marrow produced by repeated 
injections of benzene. 

CARBON BI.OCK 

In an effort to block the I'cticulo-endothelial system, an 8 per cent suspension 
of Higgins Waterproof India Ink w'as injected intravenously and intraperi- 
toneally daily in amounts of 20 c.e. .by each route. Injections were continued 
throughout the study. A suitable •intei'val, ba.sed partlj on the elevation of the 
total white count but principally on the. appearance in the peripheral circulation 
of considerable numbers of nucleated red cells, vvas allowed to elap.se before 
toxoid injections were begun. From 200 to 350 c.e. of the sns^ension were in- 
jected, as a rule, before givdng toxoid. Cannon et al." have pointed out the nn- 
portanee of continuing the daily injections, particularly intrav'enously, through- 
out the period of studj* and giving the blocking material in sufficiently large 
amounts to overcome the tendency to stunulation produced by smaller amounts. 
As much as 1,220 c.c. of the S per cent suspen.sion of ink has been given a rabbit 
during the period of study. Cannon^ has shown that the amount of fluid is not 
significant, for he produced no effect in the rabbits to which he gave isotonic- 
saline by the same routes and in the same quantity as his blocking material. 

Of the 9 rabbits used in this series, 7 had no initial antihemolysin titer, and 
the average time of the; appearance of antibodies after toxoid injections vvas 
bventj'-three days '(ten to forty). In these, the maximum titer vvas obtained 
un an average of tvventyrseven days (fourteen to fifty). Chart 3 .shows curves 
for total white cells and antibody contentmbtained in four tv-pieal animals of this 
series. Note the marked elevation of the ■ total, leucocv-tc count, the delay in ap- 
pearance, and the low content of antibodies in the serum. Differential counts 
showed nothing of particular significance except the appearance of large numbei-s 
of nucleated red cells and phagocytosis of carbon particles by the polvunorpho- 
luiclear lencoevtes and inonocj'tes. Hemoglobin .showed a steady and marked 
drop as the block was continued. At the (end of the experimental period, the 
hemoglobin content was well below 7 Gm. per ceptdn.alkcases. 

Chart 2 shows composite eui-vcs plotted Against the controls, It may be 
observed that the curve for the blocked animals is much flatter than that for the 
controls, that the antibodies appeared later and did not rise to .so great a 
‘inanlity. Of the two rabbit.s which showed an initial titer, one (39) showed a 
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Ilimimuion in scvmn nnliliodics ntlcr tl.c ink injections tvere Itcgun, while the 
Other (42) showed a steady rise. 



The total leucoevte count in the blocked animals was usuaUy relatu’ely high 
being ivell above that of the control animals and increasing to as much as 96 000 
in some instances (Chart 3). The animals were killed after a definite decline 
of serum antibody content occurred, and at autopsy all Ij-mphoid tissue was 
found to be stained black, the liver and spleen were greatly hjiioi-trophied, the 
■spleen having increased in weight approximately ten times that of the norma 
animals. The bone marrow was intensely black, the omentum tliickened and 
enlarged. Grossly, the kidneys showed no evidence of ha^ ing taken up carbon. 


SPLEXECTOIIY 

Splenectomy was performed on 11 animals. Three weeks weic allowed to 
elapse following operation before toxoid injections were begun, in order that the 
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animals inif^hl fully rcaovrr from llio cffocls of llio siirfrical j^roroflurc. Oliarl 4, 
Avlicre four lyjiical curves iim slanvii. ainl (.’liar! 2 .sliou' the I'csulfs oblaiiicd. 
It may be noted that tbe curve for antibody jirodiiction is similar to that of 

TOTAL 
W B C 



splenectomy 

4 Total leucocvto count nnfl serum antlhcmolysln In four tj-plcal rabbits from which 

“ the spleens bn<l been removed. 


the controls in height and shape, differing only in the time of the first airpearance 
of antibodies in the serum. In ease of the splenoetomj' .scries, antibodies n])- 
peared .sooner. Analysis of the individual results shows that antibodies appeared 
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in the serum in two to sixteen days, with an average of eleven days, and the 
height was reached from tlie tentli to the twenty-tliird day (aA'erage, nineteen 
days) . 

In order to rule out tlie effect of surgical procedure, nephrectomy was per- 
formed on four rabbits. Toxoid iujeetions were begun after a three-week period. 
The production of antihemolysin showed no particular difference from that in 
control animals. 

Chart 5 is a composite of all curves and shows very clearly the delajing 
effect of benzene and carbon block on the appearance of antibodies in the serum. 


ANTIHEMOLYSIN 
UNITS/C C 



Chart a. — composite of all curves shoeing the depressing effect of carbon and benzene block 
and the apparent transitorj- stimulation due to splenectomy. 


TISSUE EXTRACTS 

It was thought that it might be intere-sting to study the organs rich in 
IjTnphoid ti.ssue for their antibody content. Cart*’ and Motaha.shi'* determined 
tissue antibodies after injecting foreign eiythroet-tes, by means of e.xtraetion 
"dth 50 per cent glycerin (14 to 1 dilution) in the incubator for five to .six days. 
This procedure was followed, but we were unable to demonstrate antibodies 
m the spleen, bone marrow, or liver of sacrificed animals until appreciable known 
quantities of antitoxin in their blood serum. Undoubtedly this was due to the 
relatively large dilution recommended. The following procedure was there- 
fore devised. 

Tlie animals were exsanguinated and the ti.ssues removed immediatelv after 
death, placed in the freezing unit of the refrigerator for twenty-four boms then 
pressed through a fine sieve. Two grams of ti.ssue were extracted with ^ c e of 
O.S:j per cent saline for five days in the refrigerator. The tubes were then 
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eenirii'ujied :it hi!J:h spoeil, and the supernatant iUiid was used for the anti- 
hemolysin dot ovminat ions. The procedure from this penut was the same as that 
used for scrum antibody determinations. 

B.v tliis means n-e have demonstrated the. im'senet' of antihemolysin in hone 
marrow in 19 of the oG rabbits in winch antibodies were pre.sont in varying 
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quantities in the serum. Table I gives the results. Liver, spleen, and bone 
marrow were studied, and in a few cases, mirscle tis.sue determinations were made 
as controls. As can be seen in Table I, antibodies were demonstrated only in 
hone marrow, with the exeeiition of two instances in which .small amounts were 
found in the .spleen. 

com.mi;nt 

Several factoi's must he considered in an evaluation of the preceding re-suilts. 
-•V marked variation in immune response was noted in many of the experimental 
animals. The cause of this jihenomcnon is not known, but is insually ascribed 
to individual characteristics (whatevci* they may be). The carbon block proce- 
dure is not considered to be too efficient. The effect of the carbon was a maiked 
stimulation of leucocyte production instead of depre.s.sion, and the absorption 
of carbon by component cells to neutralize their aethuty, was x’elied upon to 
effect the block. It can be readily seen that in this method it i.s almo.st impo.ssible 
to keep the stimulal ion-block mechanism in complete balance, and it is verj^ easr 
for the pendulum to swing to the stimulation .side. 

Benzene is considered a more efficient agent than carbon, but its action is 
more selective as it apparently affected only the bone marroi^. Hoveier, its 
efficiency was .somewhat impaired as a re.sult of the toxicity of the drug. When 
too much benzene was given, the animal died, but if too little was giien, bone 
man’ow stimulation ensued. 

Splenectomy is considered efficient. The operative procedure might have 
enhanced antibodj’’ production. However, this factor seems to have been ruled 
out by the results obtained after nephrectomj'. 

The tissue extract experiments are considered moderately accurate. Care 
was taken to thoroiighlv ex.sanguinate animals so that antibody’' concentration 
in the semm would not be measured. The results in Table I are exudence of the 
success of the method. 

It may, therefore, be said that while no definite conclusions may be drawn, 
.vet there is some evidence that staphylococcus antitoxin i.s produced in the bone 
marrow. 
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R I'wACTION.S liiivi' lu'cii V(‘]i()rlc(l for bolh scrum nud uln.sina following intra- 
venous administration in luimnns and animals. Tiic, reports are, however, 
at variance as to the frciiueney of their oceurrenee and their severity. ^lany 
oliservers prefer plasma, whereas (ttliers by eoutinued use seem to })refer .serum 
for human transfusions. The literature on the sn!).ieet yields many eonflietiu" 
observations on the relative merits of the two fluids. 

Strnmia and his co-workers' are firm believers in the value of plasma because 
of the reactions encountered with serum: “we eontimie for several reasons" to 
"ivo preference to ])lasma.’’ iMeCuiness. .Stokes, and ^Indd" prefer ])la.sma he- 
eanse of the severe reactions observed followiiifr the use of lyoiihile immune 
serum. Ravdiid states, “The frequency with wliieh I'eaetions h.ave occurred 
followinsr the injection of lyojihile serum makes ns hesitate to sufiKcst the jienoral 
acceptance of this material.” -tleakins'' is but one of many othci's rcporlinp 
serum transfusion reactions. 

On the other hand. Levinson and his co-workers'' eontinne to use serum and 
have no doubts as to its safety. “No reactions were observed or need be antici- 
pated if scrum is i)ro]ierly prepared.” jMellanby" urjics the use of .serum, as do 
also Self and Scudder.’' For ease in preparation, tlio latter ]irefor serum despite 
numerous reactions followinir such transfusions. 

It would seem, therefore, that serum is susjioetcd of eausiuR more reactions 
than plasma, but that some workers prefer serum for other considerations than 
that of reactions, and these workers either deny that reactions should occur*’ 
or are of the opinion that the reactions arc not important.’' 

The references to plasma reactions arc not as copious as for serum. Because 
of this, many workers have assumed that reactions with plasma do not occur. 
However, such reactions have been rcimrted. Stephenson and co-workers" de- 
scribed a plasma reaction with chills and fever. Self and Scudder'’ ohseiwed 4.9 
per cent reactions with type specific liquid plasma, S.2 per cent with pooled 
liquid plasma, and h.G per cent with dried pooled plasma, in a small scries of 
cases. Elliott'" reported 4S2 injections of plasma with three reactions. Polayos” 
and Levine and State'" have given detailed ease studies of ])lasma reactions. 

There are many reports of reactions without detailed dcsci-iption as to 
number or type. Mahoney and his collaborators’" simply state that, “there 
have been very few reactions,” which indicates that they did observe them. 
Strnmia et al.’-' talk about a “mild urticarial reaction,” but conclude that the 
use of plasma “is simple, safe; and free of reactions.”" 
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I4 is pvobrthly covroet (o coucIikIo that reactions do occur ivith both serum 
and plasma. As to sovum. early experimentation may explain part of its ex- 
cessive toxicity. From llic lime Bowditcld* fii’.st perfused the frog’s heart with 
senim in 1871. much work has been done on serum and plasma transfusion and 
perfu.sion in animals, lloldovan'® in 1910 reviewed the literature up to that 
period and concluded that scrum was more toxic than plasma. He attributed 
this to a “fibrin ferment” formed in strictly fresh defibriuated blood or blood 
senun. This ferment was destroyed in about half an hour. For later reviews 
on the subject, the reader is referred to the papers b.v Janeway. Richardson, 
and Park,” and Amherson.’® 

During the course of several thousand plasma transfusions at the Univer- 
sity of llinnesota Hospitals, we observed reactions frequently enough^® to in- 
vite more detailed observation and experimentation. Since we had been using 
group specific plasma routinely in the hospital because of ease in preparation, 
It Avas possible to make our observations Avithout the complicating factors in- 
A'oh-cd in pooling. In addition, pooling Avas not practiced routinely, because 
the main reason for doing so (neutralization of antibodies) had in oiu* opinion 
neA'er been conclusiA-ely established as necessary. 


REACTIOXS DUE TO A AND B SUBST.VNCES 


Shortly after the decision Avas made to study these reactions experimentall.r, 
ive^* obsen-ed a reaction to plasma in a patient Avho had been given a routine 
transfusion on the surgical Avards. This patient, G. H., Avas of blood group 0, 
He developed chills, seA'ere dyspnea, and cyanosis folloAA'ing the intravenous 
administration of 150 c.e. of undiluted group A plasma. The possibility of in- 
compatible agglutinins in donor plasma was eliminated, since the red cells of 
the recipient were of group 0 and hence inagglutinable by the administered 
plasma. By all theoretical immunologic considerations this group A plasma 
should have been innocuous. We decided to skin test the patient Avith the 
plasma. PreA'iously Ave^® had suggested the possible value of such a procedure, 
knowing ^vell the difficulties of skin tests in general and yet recognizing its 
inA'aluable aid in testing for sensitivity to tetanus, pnenmoeoceus, diphtheria, 
and other antisera. 


We found that not only did this patient give a positive skin test AA'ith the 
reacting plasma, but also Avitb three other group A plasmas and one AB 
plasma, but not AA'ith B or 0 plasmas. The patient Avas subsequently given 
100 c.c. of another group A plasma AA'ith resultant chills, cyanosis, and dyspnea. 
Group 0 and gi-oup B plasmas given intraA'enousIy gaA'e no reactions. 

Prom the above and similar cases. Ave assumed some relationship betAveen 
the reactions and the blood group of the administered fluid. 

lloss®® in 1910 demonstrated that the hemol.A'tie action of A serum on P 
cells can be prevented by mixing A serum Avith B serum. Sehilif®* later 
that serum of group A blood contained soluble A .substance Avhich seemed 
haA'e the same antigenic structure as A substauce in the red cpIIq t 
and his co-Avorkers®= found that mixing of A and B sera caused neiif 
of llie isoasehitinins in both sera. Lubinskp ntlributed thi. nh 
nons,»c«ie InCo,, Anbc.-, and Ida aas»cia,«" ” 

to the dia,olvod A and B sni.stancaa £o„„d in scrum and plMma”S'thc cS” 
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spondioi^ blood pii'oops Jiiid wore oblo to coiifivni Ibis ncutvaliziition by ])ooliiig 
and by Ibc addition of pnrifiod A and U .subslaiiooK jn-cparod by Witebsky and 
his eo-workers.-^ 

AVe fell that these dissolved A and T. snbstanees inif'ht be responsible for 
the phenomena described, h’ortunately we were able t<i obtain the purified A 
and P» substances from AVitebsky, and we used this material to cheek our 
hypothesis. 

AA'c can .summarize our nndinp:s ns piiblished or still in press. Patients 
sensitive to the A or B plasma by .skin te.sts with repeatetl A or B plasmas and 
some AB plasmas are also .sensitive by skin test to tlie purified substance. 
These patients are also sensitive to •;ronp A or P. plasma or AB pla.sma adminis- 
tered by the intravenous route. They have react ions following the intravenous 
administration of the purified A and P> substances. As control measures, all 
pla.smas are tested for .sterility, Some have been ilivided into two parts, part 
sxoing to a sensitive individual with a resultin',: reaction and part to a nonseiisi- 
tive individual of the same blood •:rou]) without a reaelion. Individuals .sensi- 
tive to one group specific .substance do not necessarily show .sensitivity to the 
other group specific substance, allhongh we have one in.stanee of a patient 
being sensitive to both. 

Patients displaying sensitivity do not necessarily have an allergic history. 
There does not seem to bo any correlation between the amount of antibody 
present in the recipient and bis sensitivity to the factors. However, only those 
individuals who are in the blood group in which the specific antibody is found 
corresponding to the specific A or B substance .show sensitivity. Not all in- 
dividuals show this sensitivity even if they have the antibody. 

Are the reaetions described as being due to the A and B factors impor- 
tant? Are they severe enough to be .significant? In most of the eases, the 
reactions were severe enough to cause great discomfort to the patients. In all 
our cases we neglected to wait for a natural outcome of the reaction, since we 
have found that adrenalin relieves the symptoms. B is difficult to say whether 
any would have proved fatal without the adrenalin. AVe were not .iustified in 
withholding the adrenalin to find out. The severity of any reaction depends 
upon the reacting material and on the condition of the patient. A reaction 
which would not disturb a normal individual might kill a patient in a pre- 
carious condition. 

A case which illustrates the ])i'actical importance of the ])henomenon 
follows : 

A. J., a woman, age 5G, lilootl gronp O, hiwt a oholpi-ysh.ctnmy for clironio rlioloi-ystiti!' 
on November 10, 1942. Following the injection of the spinnl nnepthotie (10 lug. of mipcr- 
caine between L, and L,), the blood pro.<!snro fell from 170/90 to lOO/tiO. The pulse, how- 
ever, remained between 70 to SO per minute. She was given ISO mg. of ephedrino and 0.2 c.c. 
of neosynephrin intravenously without elevation of the blood pressure. Tlic spinal anes- 
thesia was supplemented with cyclopropane. For the first hour of the operulion, the blood 
pressure remained at about 100/00 and the i»ulse between 70 to SO per minute. When the 
blood pressure failed to rise, the patient was given iiOO c.c. of pooled equal parts of A and 
B plasma intravcnousl 3 '. Ten mimites after the pla.siiia was started, the blood prc.ssure fell 
from 100/60 to 80/40 and the pulse rose from 80 to 110 per miiuitc. It was then noticed 
that the patient had developed a generalized giant urticaria. The plasma was stopped, tlio 
patient was given 500 c.c. of 5 per cent glucose in saline and 2 e.e. of metrazol iutravenonsl.v 
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with elevation of the hlooil i)rossurc to llft/tiO and a fall in the pulse rate to 90 per minute. 
The shin test to the administered plasma ivas strongly positive (on the operating table). 
Suhse<iuently the patient was shin tested and found positive for numerous B plasmas and 
the purified suhstanee. Shin tests and intravenous administration of type -A plasma were 
"ithout incident. 


lliis ease iiKltcnlcs lliat reaelion.s occur uiuler anesthesia and that they 
may lie serious if unrecognized. 

hollowing the recognition of the factors responsible for some pla.sma reac- 
tions. we were interested in the efi'ect of pooling on the production of these 
leaetions. Although our experience with pooled serum or plasma in eases 
sensitive to the A and B substances is less extensive than with group specific 
plasma, we have some results M'hieh are indicative. In one case previously 
leported,-'"' the patient was sensitive to both the A and B substances. Skin 
tests to plasma pooled in the ration of 5:1. 2:1. and 1:1 (A:B plasma) were 
positive. This confirmed previous observations on other patients.-' This pa- 
tient developed a reaction to a transfusion -with A plasma but not M*ith 0 
plasma. "W e then obtained a batch of pooled serum from the Human Serum 
Center at the University of ^linnesota. The pool contained 8 group 0, 8 group 
A, 3 group B, and 1 group AB sera. It gave a positive skin te.st, and after 
c.c. had been given intravenously, the patient developed a generalized 
eiythema, epiphora, dyspnea, rapid pulse, and a fall in blood pres.sure. The 
same senim pool gave no reaction in a nonsensitive indiA-idual. 

The effect of pooling on the response to administration of the plasma in 
sensitive indmduals -was studied in a case previously reported. In this pa- 
lent, a reaction occurred follovung transfusion of a pooled specimen of equal 
Pafrs of A and B plasma, which also gave a positive sldn test. The patient was 
Only sensitive to the B plasma. 

It may be that patients sensitive to a single factor may not show as marked 
a reaction to pooled plasma or serum due to the dilution of the A and B sub- 
stances. 'Where the patient is sensitive to both factors, dilution would play 
ess of a role. Neutralization of the A and B factors, in the proportions tried, 
es not occur in pooled specimens of plasma or serum ; hence pooling is not 
sure method of preventing reactions due to these substances. 


reactions due to factors other th-an the .a and b subst^vnces 

11 P ^ haA'e evidence that reactions may occur because of factors other than 
v^ ^ 5 *^ ^ substances. 'We have reported three cases of such reactions pre- 
lous j following maA' be the cause of reactions Avhen the 

A and B substances are not involved : 


1- The presence of allergens in the plasma or serum.-® 

The presence of reagins in the plasma or serum.-®’ 

'3. The presence of pj-rogens. 

I. The presence of immunologic factors as yet unknown. 

illustrate transfusion reactions due to factors other than the A n.wl p 
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CiiFe 1. — C., u woinsiu -M, of hUmrt x*'”"!’ lower uiul niuldle Inlie. loliec- 

toiny of the ri(;ht luiij; for u hroiiehinl jidenomn on K’/Jl/-!-. Hiirinu the ojieratinii, she 
received -100 c.c. of etnial parts of A and 15 plasma and ."’OO c.e. of A plasniu without re- 
aetion. On the second ))ost-operativi' day. five Jninnles after tihO e.e. of tyj’" A plasma had 
run in, she developed a severe chill lusting; twenty minutes with an elevation of tempera- 
ture from flp to lOl' 1'. 'J’lie shin test with the phiMna which fjuve the reaction was jiosi- 
live, hut tests with other plasmas, hoth A and 15 and the purified A nnd 15 suhstances, were 
uoftative.. On Vd/Vl/t'i, she received 11(10 e.e. of type A plasma without reaetiou. 

Case 2. — V. F.., an iS-year-old male, had :v rlttht heruiovrhuphy on 11/I2/-12. He was 
tjiven 500 e.e. of type AB plasma on 11/10/12, 500 e.e. of type B on 11/20/12, 500 o.c. of 
cqnul parts of Ktoups A and AB on 11/21/-I2, 500 e.e. of equal jiarts of tjroups A and 15 
on 11/20/42. A]>]>roxlmatel.v one hour after the latter pla.sma had heen (liven, the patient 
developed n chill and a fever of 101.(i" F. The fever persisted for twelve hours. Shin tests 
to all plasmas were negative. 

Case 5. — -B. AV., male, fitted •l-l, prniip O, hnd a jiarlia! eolectom.v on 11/4/-12 and an 
entorolysis and enterostomy on ll/10/.t2. Baring the postopersitive pieriod following the 
second operation, he received 200 e.e. of type O plasma and a similar amouat of the same 
typo of O plasma on 11/20/42. On 11/21/42, ujqiroximately twenty minutes after reeeiving 
200 e.e. of type O jdiisma, the ji.itioiit developed a moderiitely severe chill and fever of 
102° F. The patient was not .shin tested with the reaet)on-l>rndueing plasinu, hut suhse- 
quent tests with other group O plasmns gave negative results. 

Case 4. — C.G., a (i2-year-old male of hlood group A had a partial eoloa reseetioa for 
enreinomu of the sigmoid colon on 12/14/12. On 12/10/42, he received 200 mg. of equal 
parts of A and B plasma and 400 e.e. of type A plasma without reactions. On 12/1S/42 
he developed severe itching nnd urticaria after receiving 2t>0 r.o. I.vjie A plasma. The shin 
to.st with thi.s plasma was positive. On 12/10/42, after receiving 200 c.c. of t.vpe A plasma, 
he developed a inoderfitely severe ehill and fever of 10,'i° F, Tlie hlood pressure fell from 
114/70 to 100/70 and the pulse rose from 00 to V20 per minute; tiie respiration rate in- 
creased from 24 to 02 jier minute. The shin test to this phvsma was also positive. On 
12/20/42 and on 12/20/42, he received 200 e.e. of type 15 plasma without reactions. On each 
of these occasions, the skin tc.st was negative. 

It ■would be diffieult to assign a delinite cause to 1be.se reaetions. but tbe 
positive skin test w'ould be luore likely to oeeur associated witli an allei-gie. 
than with a pyrogenic type of reaction. It is certain, liowever, that these last 
cases tverc not due to the A or B factors. AVe recognize the tendency on the 
part of clinicians to eillier overlook reactions or to find them “wliere thc.v 
are not." We cite the following case to illnstrate a possilde false reaction 
and to demonstrate our awareness of the possibility. 

Case 5. — C. C., 70-year-old male, group O, was acutely ill with pyoncj'hrosis. lie had 
daily chills and fever ranging from 100 to 10;5° F. On 12/10/42 while receiving 200 c.c. of 
typo A plasma, ho again developed cliilhs and fever at 10;>° F. The shin te.^t with the 
administered plasma was negative. This onset of the chills nnd fever while plasma was 
being given was probably coincidental with the daily chills and fever this patient had 
shown previously. This conclusion was strengthened, although not necessarily proved, by 
the negative skin test. 

CONCLUSION 

We have demonstrated tvhat we consider to be important transfusion reac- 
tions due to the A and B factors in both plasma and scrum. We have also 
observed other reactions due to factors in plasma other than the A and B 
substances. We have found tbe skin test with the plasma a good method of 
indicating sensitivity to the plasma in many of the cases and an aid in pre- 
venting transfusion reactions. 
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THE EFFECT OF SULFOXAHIDE (.'0:MI’0\'N1)S OX AXTHiODY 
EESl’OXSE TO .STAI’]IYEO(;OC(’FS TOXOID*' 


Jamks B. Y’KAvr.K, i\r.D., ano AIaky ^YIl^:I,A^' Tviack, ICaxsas (’itv, Kan. 


T HIS sUuly -was iiiulcrtak('n to dolennino tlif cfiVct of .siilfaiiilaniidc and 
related conipouiid.s on the in-odnetioii of antibodies in i-esponse to .sfaphylo- 
coccvis toxoid injeetions. Only one pajier on this subject u'as found in a review 
of the. literature. Kiehou and Hasli«xar' found tliat there is apj)arentlY no 
inhibition of response in antibody development followin}: sinuiltaneous injee- 
tions of sulfanilamide and staphyloeoceus anatoxin. They used two "roups of 
five rabbits each. To one proup they fxave three injections f)f 0,5 to 0 c.c. of 
.staphylococcus anatoxin at five-day intervals. 'I'o the second >iroui) they "ave 
anatoxin as to Group 1 plus two intravenous injections at several hour inter- 
vals of 3 c.c. of a solution of sulfanilamide eontainiu}: 1 trram in 150 e,.e. saline 
(0.2 grain at each injection). The dose of the drug was relatively small and 
the length of the experimental period was short. Increasing the amount of 
drug given to levels comparable to that given thera])eulienlly and eontinuiitg 
to administer it daily for a suflicicutly long ])eriod should give a truer picture. 
Consequently the following plan of ))roeedure was carried out. 

AVhite rabbits weigliing between live and .six pounds each were used. 
Staphylococcus toxoid and drug injections were begun simultaneously. Toxoid 
was injected subcutaneously beginning with 0.1 c.c. and increasing by 0.1 e.e. 
at each injection until 1 c.c. was given at a .single injection. Injections were 
made three times a week. The soluble salts of the drugs (sulfanilamide,, sulfa- 
pyridine, and sulfathiazole) were used to insure constant dosage, and as nearly 
as possible complete utilization. Injections were made daily throughout the 
life of this experiment, a period of eight to nine weeks. An attempt was made 
to keep the daily dose of the drugs within therapeutic limits, beeau.se we were 
chiefly interested in the effects produced by these drugs in the amounts usually 
prescribed clinically and not in the effect jn-odueed by j)u.shing the dose to 
toxic levels. A control group of nine rabbits received only toxoid. Anti- 
hemolysin titers, total leucocyte counts, and hemoglobin dclcrminatioi\s were 
made twice a week. 

XICOl’KOXTOSn.. 

Six c.c. of neoprontosil were injected intramu.scularly daily to each of 
seven rabbits, making an average dose of 120 mg. per kilo of body weight, 
wliich would be equivalent to S.-l grams or 140 grains daily to a 70-kilo man. 
Hemoglobin levels fluctuated slightly but not more than is observed in control 

•From tlio Hlxon Laaonitories of the University or Ki\ii.«iis School ot Jlodlriiic and 
financed by federal funds obtained throUBh the Kansas .State Hoard of Health. 
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animals living under the same conditions. Total leucocyte counts were not. 
affected, and the antiliemoly.sin re.spon.se to toxoid injections occurred at ap- 
proximately the same time after the initial injection and reached a level some- 
what higher, on the average, than the controls. (Chart 1.) 



Chart 1 . — Composite curves of seioim antihemoIyf.-in response follovvin? staphyIococcu« 
10X01(1 injections in a series of control rabbits and rabbits to which neoprontosil, sodium sul- 
lathiazole and sodium sulfap'T’adine were jriven. 


SULFATHIAZOLE® 

Sodium sulfathiazole was made up in 5 per cent solutioTi ajid given in the 
amount of 60 mg. per kilo intravenou.«ly to six rabbits. The results obtained 
'vere similar to those obseiwed during the administration of neoprontosil. Xo 
marked fall of hemoglobin concentration was observed, and the total leucoevte 
count was not markedly reduced. excejU in two instances when counts of le.ss 
than .5,000 were obtained. This, however, was only temporaiy. for normal counts 
"•ere obtained on tbe following day, and no subserpient reduction was observed. 
Cliart 1 shows that the average scrum antiliemoly.sin curve is similar to the con- 
trol. except that a slightly more rapid response oeeiin-cd with a slicditly hi<dier 
level. The eoncentrafion of tbe drug in the blood reached levels of fro'tn 
•' mg. ]) oi - 100 c e ‘ " to 

Kindly PuppHr^rl hy Dr. Xf:wcom»'r of SquiljbF 
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SODIUM SUUI'AI’YIUDINK. 

A 5 per poiit solution of soilinin siilfopyridim' wns used for ini ravenous in- 
.icetions. Approximately 100 m<». ])(!r kil<i were ijiven to each of five rahhits 
daily. Chart 1 shows the antihemoly.sin enrve and its similarity to the eontrols. 
The drug reaehed eoneenl rat ions of from l.'j to .3 mg. per 100 e.e. in the blood. 
Three rabbits rvero given an average daily injeetion of 2.00 mg. per kilo. This 
was done to see if doubling the Iberapeutie dose would affeet the antibody 
re.si)onse in any way. Thei’e was no detrimental efi'eel, .sine(* tlie I'espon.se to 
toxoid injeetions was as rajud and the lieigbl of tiie antiiiemolysin eurve was as 
great as that obtained in the eontrol ralduts. Determinations of sulfapyridine in 
the blood gave values of 2.0 to i) mg. per 100 e.e. Hemoglobin eoneent rat ions and 
the total leucocyte counts were not affected !)y either dosage. 


COMMKNT 

Sodium sulfapyridine. .sodium .sulfathiax.ole. and neoi)rontosil, when given 
to rabbits in doses which corres))ond to the average therapeutic dose or higher, 
have no effect on hemoglobin concentration, leucocyte eonnt, or antibody respon.so 
to staphylococcus toxoid in.iections. The antihemolysin titers became jmsilivc as 
.soon, and in .some cases sooner, in control i-abbils and reached eorrespomlingly 
high levels. Tn general, the same type of curve was obtained, the fall in titer 
occurring at ap])roximately the .same lime after the last toxoid injection. 

KKKKRKNCi: 

Iticlioa, U.j iiiul Itnsticiir, K.: t.cs <lo sulfiimiite, faiti'.s siimiltiinomput u (Ic.'s 

injeetions <l’!ui!itoxii\e slupliyloeocciqne, no senililcnt piis infliiciicor cliez Ic Inpin, 
lo (teveloiipoiuout do I’antiloxino spoeiliiinc, Uomp. rend. Roc. do liiol. 131: S.'i.'i, 
1930. 



A NOTE ON CYSTS AND ABSCESSES INDUCED IN THE RAT 
BY THE INJECTION OF OILS^ 


Frederick E. Emery. Pm.D., axd Chari,e.s S. ^Lvtthews,. IiI.A, 

Bt'fealo, N. Y. 


R ecently IVE .showed (hat peanut oil and .se.same oil formed cysts M'hen 
injected into the muscle of rats. Following’ this report/ several inquiries 
were received from pereons intere.sted in the use of oils as vehicles for hormones 
and other dn\gs. Therefore, additional experiments were performed, and in 
this paper we present data pertaining to the fonnation of ey.sts and absce.sses 
folloiring intramuscular injections of mazola, olive, cotton seed, sweet almond, 
sesame, and peanut oil. 

ilETHODS 

The procedure was the same for all oils and was perfonned hy giving 
a single intramuscular injection of 1.0 e.c, of oil in the hind leg muscles of 
the rats. These rats were killed from two days to one year after the start 
of the experiment, and the legs were carefull.v examined for oil, hemorrhages, 
durability of cyst walls, and aliseesses. 

RluSULTS 

Mazola OH. — The data show that this oil readily forms cysts. These cy.sts 
have firm, somewhat transparent walls and contain clear oil. They perelst in 
the muscles for long periods of time and rvere foimd at autop.sies perfonned 
as long as twelve months after the oil was in.jected (Pig. 1). Not one abscess 
ha.s been foiuid in more than fifty exiieriments •\rith mazola oil (Table I). 


Table I 

■^I'Topsv D.w.v Takex at Vap.yixg Period.s of Tnre From a Few Pay.s to Oxe Ye.u: After 
AX IxTP.AJiuscui..\R Ix.jEC-nox or 1.0 c.c. or On. 


XLOfBER 

or 

expERr- 

Mr.XT.S 

1 

j COXDITIOK OK OIL 

i 

1 f’O.XDlTIOX OP OY.ST.S 
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ABSCKSSES 

PEU ' 
CEXT 1 

CY.ST 

WALI- 

I'fiESE.VT 

CYST 

vrsLjj 

ABSEN'T 

39 

■50 1 

•<() 
lOS 
.30 
■'■5 

Mazola 

Olive 

Cotton seed 

Sweet almond 
S'e.same 

Peanut 

Often yellow 

Clear 

Clear or yellow 
Clear or necrotic | 
Clear j 

Clear 

ATone 

Xone 

S 

4.3 

Xone 

Xone 

17.4 

.W.S 

1 II ' 

.37 I 
! 48 

1 40 

! .07 

! .30 

1 33 
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o 
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Ohvc OH. — Cy.sts were nearly always jiresent after intramuscular in.7ections 
of olive oil. The cy.st wall was thin and more easily broken than was the case 
''fih any other oils studied- Yet even these cysts may remain in the muscles 
months (Fig. 1). Oil taken from the cy.sts was almost always clear 
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and free from nccrolic foci. Gross abscc-sses were not found. Tlie.se facts "ivc 
olive oil a liipli rating foi- inframnseular injection. 

CoUnn Srrd Oil . — Intramnsenlar injections of cotton seed oil Avore nsnally 
followed by oil cysts. In six out of forty-six cxpcriiiKOits cysts were not found. 
These ncfiative cases a)‘e more frefincnt than those recorded for inazohi and 
olive oil (Table I). The cyst walls aiipcarcd to be firmei' than those formed 
after injection of mazola, olive, and i)eannl oils. Oil taken from the cy.sts, at 
intervals, during the first four months, was <dear and showed no evidence of 
infection. The eight ab.sce.sses found (Table 1) were all found in autojisies 
]mrformed five to twelve months after the injections were given. Some of 
these Avcrc necrotic areas buoyed by the oil. whib* others were firm, yelloAV. 
necrotic areas from Avhich oil could not be obtained. Since the absci'sses were 
found only after the la])se of eon.siderablc time, it .seems likely that the necrosis 
was not duo to the irritation of the oil originally injected, but more jtrobably 
developed after the oil had changed in conpiosition and. hence, had become 
more irritating to the tissues. These absee.s.ses were never found in the acute 
inflammatoiy condition as described below for sweet almond oil. 

Swref Almond Oil. — Table I shows that cysts were formed in nearly all 
rats injected intramuscularly with sweet almond oil. The cyst walls were 
well dcvclo])ed. scmio]iafiuo in color, and in about half of the cases so durable 
that the entire cyst could be removed unbroken from the mn.sclcs. Tn these 
cases the oil was usually clear. Absce.sses in various stages of dcveloj)mcnt wore 
found in nearly half of the rats (Table I). These varied from spots floating 
in the oil to large inflammatory masses weighing as much as ton grams. 'When 
both hind legs were injected on the same d!iy. tiie bilateral swelling of the legs 
was .so severe that a few of the rats thus treated died within five days. Fitr. t 
show.s various sizc.s of the absces.scs. Sometimes withiji a few days following the 
injection of sweet almond oil, the Avhole area of the leg Avas inflammatory, the 
oil floating in ti.ssue fluid tinted Avith hemoglobin. AVithin a Aveek or ton days 
the SAvelling subsided, and autoi)sics shoAved the oil largely or entirely gone 
and the capsule containing pus in A-arying amounts. Thus the picture of SAvect 
almond oil after intrajuuseular injection is jiot gratifying. 

Sesame Oil . — After intramusculai’ injections of se.'aimo oil, cysts Averc 
readily formed, thus confirming lu'cvious vc])orts.'- = Additional experiments 
carried out. during the present iiiA’cstigation serve as controls for the other oils, 
e.specially in regard to thickness and toughness of the capsule AA'all and a 
tendency for abscess formation. The AA-all developed around sesame oil is quite 
tough, and the entire cy.st can be di.ssected readily from adjacent tissues Avith- 
out breaking. This is especially time of cysts that have been in the muscles for 
scA'cral months, but even in earlier stages of development the cysts formed 
around sesame oil are more durable than any of the other cysts studied. Abscc-ss 
formation is rare, although floeculent AA’hitc specks involving part, or neax’ly all 
of the oil arc sometimes seen. 

Peawit Oil. — The injection of peanut oil intramAiscularly aa-qs folloAvod 
bv the formation of cysts. The cyst AA-all is not as thick or durable as those 
induced by sesame oil. The oil found in the cysts is fairly abundant in amount 
and clear* Abscesses have not been seen in any of the rats at. autopsy. Tin's 
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oil seems to irritate the tissues very little aud, therefore, compares favorably 
to mazola and olive oils ; so far as d'c can tell, it differs from sesame oil only 
in the thickness and durablity of the cyst Avail. 

discussion 

The results described make one wonder if oil should be injected intra- 
muscularly;* certainly in rats it is obA’ious that sweet almond oil is A'ciy* 
irritating to the tissues, and acute infiammation and cA'en death may result. 
Cotton seed oil is less irritating, and the injected area as a rule does not become 
sivollen; in only a few rats Avei’O abscesses foimed (Table I). 



Fig. 1 — Cysts containing oil dissected from the muscles of rats after being in th^ mucclec for 

varying periods up to one year. ' -- ‘c.- » 


Sesame oil induces thick and durable cystic Avails Avhieh usuallv contain 
clear oil, thus confirming previous reports.*- = Those differences place se.same 
oil in preference to the SAveet almond and cotton seed oil for intramuscular 
injectio ns. As judged by the thickness of the capsule, mazola, olive, and 


•Seveml letter.'* received in regard to our nr.=t report eontalnf-.i 

In humans. Although our daUi are from rats, the following eommr C'^cc-ming oil 
Usually autopsy of the leg muscle.s l.= not perfornied. It seems value: 

develop, but due to the small .size may not bo noticed bv thrUnafdnV ’' cy.sts would 

complalnt.s bv the patient following intnimuscular^inSectVon? Phy.sician,s have 
IntCTTio at a loc-al ho.spllal .started to give an Jntramu.scul.ar inlrctfon eV .Hf ^ yc.oame oil. An 
be Inserted the needle and aspirated. He withdrew I c.c erf e-V Precaution 

n an back a'gnln.''!'’"' ‘>r, di.l kith oil. .^'n^the 
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])Oiniut. oils aro less iiTitatiii.tr llian sesame oil; yet it is flifiienit to ))laee one of 
these as livst ehoiee for intnumiseulav injection. In one eK]iei'ie,nee all four 
failed to induce irross inflammatory reactions in the muscles, hut like all the 
oilier oils used in this study they form oil cysts which remain in th<> muscles 
for several months. 

\N^hou any one of these six oils was injected suhcutancously, the trlohule 
readily disseminated, cysts were infrc(|uently seen at autopsy, and ahscesscs 
were never found. 

ILsually the injection was not carried out with antise]»tic tcchiiiiiuc. fsiiice 
ahsees-scs so readily developed after I lie injection of sweet almond oil, careful 
sterilization of the oil. syrin.ire, aiui nectllc and a))])lieation of alcohol to the 
injected area was followeil in many suhscipicnt cxjierimcnfs. This careful 
technique had no hearinr: on tlie incidence of infeclion. 

sr.MMAHV 

Intramuscular injections of maznla. olive, cotton seed, sweet almond, 
se.same, and peanut oils were iriven in the hind leir of rats. A tissue capsule 
developed around the oil within a few days, forminjj: an oil cyst which may 
remain in the muscios for at least a year. Abscesses di'veloped in nearly half 
of the. rats iu.ieeted witii .sweet almond oil and in a few of those injected wilii 
cotton seed oil. Se.same oil formed a more durable cyst wail than mazohi, olive, 
and jieanut oils, but all four arc le.ss irritatimr than sweet almond and cotton 
.seed oil. 
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ACUTE DISSECTING AORTIC ANKURVS:M; TWO CASES WITH AN 
ANTEAIORTEIM DIAGNOSIS IN ONE" 


S. Ij. W.D.. Coi.rMWA, S. C. 


T^ISSECTING aortic aneurysms ])rescn1 a varied clinical syndrome, and it 
IS unusual for the jirocess to present a clear-cut jiicture suggestin,:? an ante- 
mortem diagnosis. In addition, the entity is not a common one. Flaxman^ re- 
ports an analysis of 19 cases of dissecting aortic aneurysms which were noted in 
H.160 autopsies at the Cook County Hospital between 1929 and 1941, an in- 
cidence of 0.14 per cent. In none of these cases was a definite ante-mortem 
diagnosis reached. He reports a similar incidence at tlie Charity Hospital of. 
Louisiana, at New Orleans, and the ^lassachnsctts General Hospital. 

Up until 1933, 300 cases of dissecting aortic aneurysms were analyzed by 
Shennan,- and in addition 112 more cases have been reported. Prior to 1933 
a correct ante-mortem diagnosis was made in onl.v seven cases, and since that 
time the ante-mortem diagnosis has been made in 25 additional cases, bringing 
me total to 32 (7.9 per cent) out of 431 reported dissections.' In those cases 
m Ayhieh an ante-mortem diagnosis was made there were ''pointing’’ clinical 
nding.s, such as a sudden onset of a severe, tearing pain, usually thoracic, with 
'.anable radiation, collapse, disparity in blood pre.ssure recordings in the two 
ripper extremities, roentgenologic changes, etc. The main pitfall in its correct 
lagnosis appears to have been the confusion with coronary occlusion. The ab- 
sence of a typical electrocardiographic evolution of a protracted coronaiy in- 
sufficiency is helpful in tlio.s-e ca.ses wliich survive the acute dhs-Section. Wei.ss." 
row ever, has reported a case in w hich the dissection invaded the coronary arterv. 
Pioducing a localized area of myocardial ischemia and typical electrocai-di'o- 
giaphie changes. In those cases which may be termed "recent” the problem is 
moi'e difficult. Here the entire gamut of the causes of severe thoracic pain mu.st 
ic difterentiated, if pain be a presenting feature. It is well known on the other 
mnd that many di.sseetions are "silent” and are picked up at the necropsv 
‘ I c, much to the surprise of the clinician. 

of fifr aneurysm is a disease of later life, and it is rare before the a-c 

Ii-e rJith Irr """" twenty-two yea is of 

Witn ti.\ pei-ten.sive heart disea.se. 

(lofi. u’’!" ‘'f « iKftter of con.iecture It is not 

definitely known whether an inVimal crack or an atheromatous r vi 

sul>soc,uent media, dissection tu-esents a true Pictui.; m “Ss X 
H'ssible mechanism advanced has been the rupture of on^; “c of . 
asoium into an already degenerated media with a subseouent form- r 
Whether or not the intimal tear results from the rupf 

Is.riP’i C;ir(lir>Iot:lr;il S' rvir.-, f. s. \<ltii r-. .-r. 
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Pcooi . . . > r - - -a or the conclusion.-.- 
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hematoma imvavclly or ])rceo(lcs the dissert ion is not dclinito]\‘ known. The 
media is \isually degenerated, witli the prodiietion of an inelastic and hriltlc 
lube. Cyst formation, idio])at])ie in origin, witli medial necrosis is sometimes 
found. 

Syphilis has often been incriminated as an etiological factor. It is now 
known that a great many oases show no evidence of .syi)l)ilis, altliougb the two 
entities arc by no jnoans mnlnally exclusive. The role that .syphilitic mesaortitis 
plays, ill addition to a “nonspeeifie” medial disease, may enhance the occur* 
renee of a di.ssoetion.' iryjiertonsion, usually sevm'c, is iiresent in the great 
majority of eases. Tl was present in all of the It) anloiisied eases reported by 
Plaxman.' Syphilis was })roved in 8, hut in conjunction with liypcrteiisive heart 
disease. 

The mode of exitus is usually sudden ami de])cndenl upon rupture of the. 
newly formed channel, most often into the jH'rieardial sac. the pleural .sacs, or 
into the peritoneal cavity. Multiple ruptures have been reported. Congestive 
failure, ehronie hut ]irogr('ssive, is not an uneonunoii lennination of those cases 
Avhieh arc protracted in their courses. 

The elect roeardiographie changes are often due to a eoineidenl coronary 
arteriosclerosis; thus, any variety of QR.S, .'^T-T eomhinations may he seen. If 
there is a latent coronary insufiieieney. the ensuiiiir fall in blood iiressiirc may 
oeca-sionally result in inyoeaiuiai ischemia and iiroduee elm-t roeardiographie 
pal ferns .suggestive of an oeeliision, The.se, however, are usually .slighter in de- 
gree.'' If rupture into (he ]icrieardial sac results in rardiae tamponade, diag- 
nostic tracings may sonietiiiios he obtained. 

The following case i.s reported as an additional one. nnusnal in the .sense 
that an aiilc-mortcm diagnosis was made relatively simido by the clinical 
coarse of the patient. Tliis largely resulted hceause the jiatient was hospitalized 
during the time of the dissection and was observed at (he ])rohahle moment of 
rupture into the abdomen and iicricardial .sac. The second case is one in wliicli 
a diagnosis was not made, and it probably is typical of the usual aortic dissec- 
tion in a patient who is hosiiitalizcd shortly liefore death. It is probable that the 
dissection had taken place prior to atlmissiou and that he had ruptured on the 
ward. 

Cask Hkcout.s 

.T. .S. If., a fifty-two year-old white male, wa.<! admitted on Novctidior tt). 1912, with a 
diagnosis of hypertension and arteriosclerosis. Vast, liistory was not relevniit, except that 
there was a history of sypliilis in 1910, followed hy tlircc injections of “COD.’' llcjieated 
suhsequent serologj- was negative, lie was a known hypertcn.sivo. asymptomatic, until four 
montlis prior to admission, at wliicli time lie noticed exertional dy.spnoa, progrc.ssing to the 
point of dyspnea at rest and orthopnea. About tlie same time lie tirst boeamo cognizant of 
attacks of paroxysmal nocturnal dy.spnea, wliieli increased in frequency nnd severity uj) to 
the time of admission. There was no history of anginal syndrome or dependant edenm. 

Cardiologic examination on November 24 revealed a scrlou.sly ili, dyspncic nnd ortliop- 
neic nmlo, slightly cyanotic. Tiie carotid pulsations were exaggerateil. Tlie peripheral ves- 
sels were sclerotic. Pulses were unequal, the right having a greater nmjditiido than the left. 
Blood pressure, right arm, was 220/150; left arm, lSO/150. O'lio point of maximum iutcn.sity 
was felt in the fifth intercostal space well outside the midelavieular line. Tlicro was sonit- 
slight inetease in re.tromanubrial dullness. The rhytinn was regular. The first sound over tue 
mitral area was of fair quality. No tlinlls were palpated and no murmurs wore hoard. Both 
second sounds over the bases wore accentuated. On inspiration, bilateral bas.al r.ales wore 
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heard. Tlio liver wn.s not felt ; there vva.*' no systemic venous engorgement, and no dependent 
edema was present. 

Visualization of the fundi revealed blurring of both disc.s, many lieroorrhages, and 
hard exudates. Tlie retinal vessels were tortuous, irregular, and fragmented. Wassermann 
and Kahn tests were negative. Casual urine examinations revealed a trace of albumin, and 
occasional red blood cells. Xonprofein nitrogen was .35 mg. per 300 c.c. Electrocardiogram 
taken on the day following admission revealed a regular sinus rhythm, with a rate of 05. 
There were changes indicating left ventricular preponderance; the P-E interval varied from 
.33 to .36 seconds, with some changes in the configuration of the P rva\-es in succeeding 
beats. QRS complexes were slurred. The T wave.'* were inverted in 1 and 2 and upright in 
3. S-T junction was slightly depressed in the first and second leads. Lead 4-F showed 
diphasic QRS complexes with an inverted T wa\-e and slight cle%'ation of the 8-T .junction. 



IJv’se I). — Photograph of heart anri .aupraoarfli.-ic portion of the .aorta. Vote the 
ami no m.., «uprav,alvular portion of the norm. There l.s no .-eparation of the comrni--sures 
Jllatation of the aortic rinh'- Note the tremenrtoUH hypertrophy of the left vf ntri^, lor 


Interpretation wa.s: 3. llyocardird ilarnage, bared on inverted T wave.- in lead-' 3 ond 
di dcpre.s,-cd ST junction in lend- I and 2, and slurring of the QR.S eompIe.ve.-. 2. ijt-ft ven- 
tncular preponderance. .3. Wandering pacemaker. X-ray of the ehe-t revealed Tn enor- 
ously increased cardine .sitadow with some hypo.static conge-tion in botli ki-e- TI 
norlic shadow wn.s reported normal. The diniert! irnpres-ion y.a,-: 3 M-.Ii.m-mt -,rt • 

"ephrosclerosi.-, in impending uremia. 2. Hyperte„-i4 and 

< isea.se «ifh cardiac, enlargement, myocardial damage, and left ventric„l;,r failure - rt 
tensive nenroretinopafhy. imlurt. 
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Clinictil Coiirxi '. — Tlio t-oiiiHi' w;is (‘iitircly jil’i’ltrili’. licsjiii.'ilidiis Viirii'd lictwiTii ]S nnd 
22; j)idsp rate lanpi'd Ix'tuocn SO and 100. Tin* jialicnt i\as di;;italizi’d on Xovcailii’r 2.1, 
1942, and lie .sliowod ijiadnal iniprovcmi'iit, so timl liy Novandior 20 tlicn* was no ImiftCT 
ovidonco of Ipff vontriciilar failiin*. At ai)|iroxiniatPly 0 Dccrnila'r .'1, la- wa.s Middonly 

taken with severe persistent |)ain l>e;;inninK in the region of llie snjira.sternal noti’h and radi- 
atinp; to .the lower ehest, ahdonien, and down tlie lia<'k. assoeiated with, and followed hy, a 
sensation of mindmess in his left le;i. Nausea und voaiitiiif; were hotli present. This jiain 
lasted at least three hours, iti spit(‘ of naieolie.s. At !• Deei-aiher I, he still roni[ilained 

of niiinhness in his left lep', and of nan.sea aial vomiliii”. ll.vaiaination at that time ri‘- 
vealed that, he had developed a loud. roiii;h. .sy.stolic aorlii* iiiurinur, which was he.ard throughout 
the entire iireoordiuia. There was a short, softer, diastolir- mnnmir heard over the aortic 
area and alon;; the loft sternal border. No thrill was palpated. There w.as no evidenci* 
of distention of the neek veitis, aial the blood pressure wtis as follows: Kirill arm, 2.'',ti/100; 



Fig. 2 (Case 1).— .Same a.x depicted in, Fig l, except timt tlie .siipeiioc leaf lias been elevated 

to lietter visualize tlie tear. See text. 

loft arm, 150/130. The loft dorsiilis pedis artery had a markedly diminished pulsation. A 
tentative diagnosis of acute dissecting aortic tincurysin was made, lieside ro(*ntgenogr!im re- 
vealed tremendous aortic and cardiac shadows, but no comparison with the teleoroentgenogram' 
was possible, in view of the dilTeronco.s in technique. It must bo stated, however, that the 
aort.'i appeared definitely wider than one would exjiect, were only such din"orences consid- 
ered. Electrocardiogram revealed changes in the ST and T contours, the most important 
of which were the development of upright T waves in tlie fourth lead and a dii'liasic T wave 
in the second lead, as compared to previously inverted T waves. ST junctions were de- 
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pressed in the first nnd second loads, and wore within noniial limits in the fourth lead. The 
rhythm was regular, rate 150. Tlierc were no changes indicative of an acute cardiac tam- 
ponade, and there were no changes reported suggesting a diagnosis of acute coronary- occlu- 
sion. At 4:30 r.M. it was difficult to feel either dorsalis pedis artery. The right posterior 
tibial artery pulsated normally, but the left could not be felt. He merged into rather rapid 
congestive failure; pulses were very unequal in amplitude; blood pressure, right arm was 
260/110, and could not be obtained by the auscultatory method in the left arm; however, by 
palpation, the systolic pressure approximated 140 mm. of mercury. At 9 A.ii. the follorving 
morning he appeared terminal and expired at 9:12. His abdomen became rigid a few min- 
utes prior to his exitus. The final diagnosis was: 1. Malignant arteriolo-nephrosclerosis. 



thoracT^“;T?,i 1).-— -VUenlion is inviterl to the severe s-theromato-js char 

been abdominal aorta. In the lateral view of this it can bs- seen tha 

blood, but tbe exact point of rupture into the'aVfcmina 


in the entire 
the layers have 
cavity v/.-ts not 


Acute dissecting aortic aneurysm, with rupture into tlie abdomen and r^ric.ardial so 
il\-pertensive anf] coronary arteriosclerotic heart Myocardial r 

en argement, congestive failure. 4, Hypertensive nr-uroretinopathy. c..r-' lac 
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l‘OST-MOKTKM KXAMIN'ATION, (’ASi; 1 

On oponinp tlm ulnlnmcn. (liou' \vu^ n uii^li (tf fresh IiUnsl whieh wns not clottoJ, osti- 
niateil nt npi>roxinmti.'ly TnO I'.c. 'I'lie jx'ntoni'nl siirfuees showed little, if atiy, ronclion. On 
opening the eUest, hotli Inngs were found to he nonnnl in np])e:irnnee. Tliere wns no fluid 
in the plcurnl sues. Both lungs had u normnl eonsisteney. The right weighed oW) grnms. 
nnd the left, GOO grains. 'Die ent surfnec pre.sented no iirens of ntelee.tn^is or eonsorulnlion. 
The perienrdinl sne wns tensely distended with npproxinintety .'lOO e.e. of fluid and clotted 
hlood, 'Die serosal surfaces were smooth and gli.'-teiiing. 'Die heart was strikingly en- 
larged and weighed SOO giains. There was a Iduisli diseohiration of the ei>icardiuni pos- 
teriorly around the base of tiie aorta and pulinonnry artery. A small real, G nun. in length, 
extending through the epicardiuai and the adventitia of the noitn, was noted " cm. above the 
level of the aortic cusps. This could tie followed into a cavity separating the adventitia 
and the media of the aorta. 





Fit;. -1 (Case 1). — Section thronsli the lower portion of the abdominal aorta. Tlie dark 
black areas depict clotted blood whicli has dissected between the media nnd tlic adventitia, 
not quite encirclinp the aorta. 

The wall of the right ventricle was moderately hypcrtrojihicd. 'J'ho lihii.sh diseolonition 
overlying the base of the pulmonary artery was due to a collection of blood, apparently 

between the media and the adventitia of the pulmonary artei-y from its origin to a point 

.'5 cm. above the valve cusps. The wall of the left ventricle was markedly liyportrophied, 
averaging 23 mm. in thickness. The cavity was moderately dilated. The aortic valve cusps 
were thin nnd delicate. Tlicrc was no fusion or widening of tlio commissures. Tlic ostia of 
the coronary arteries were iiatcnt. The entire aorta was markedly sclerotic, stiff, and 
inelastic. Tliorc was a linear tear in the intinia of tlie aorta at a level 5 nun. above the 

valve commissures and extending transversely across the right posterior and most of the 

left posterior valve. This measured i cm. in length. 'Dio edges wore slightly ragged. 'Diis 
tear extended through the intima and media and opened into a complex cavity. This cavity 
extended as already described, tiirough n rent in the base of the aorta into the pericardium. 
It also extended the entire length of the aorta, creating a potential space between tlie ad- 
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vcntitia anil media nliicli in some areas contained clotted blood. It did not completely sur- 
round tlie aorta, but passed about halfway around the circumference at most levels. The 
arteriosclerosis of the aorta was (ireatest in the descendin^j portion, the intima of the ascend- 
ing aorta being almost smooth. There were no tree bark wrinklings of the intima or other 
luetic stigmata. The exact site of perfotation into the abdomen could not be ascertained, but 
there were no prominent eechymoses in the periaortic fat at any point. The coronarv- arteries 
were diffusely thick-walled, and the lumen was narrowed to about of normal. There were 
no areas of occlusion, however, and there was no dissection of the walls. The myocardium 
was rcd-bromi and firm, and there wore no areas of softening or fibrosis. 


MICROSCOPIC EXAMIXATIOX' 

Heart . — There was a marked hypertrophy of the muscle fibers which had large, irregu- 
lar, and bizarre nuclei. In a few small areas there %vas a focal degeneration of occasional 
muscle fibers. Xo histologic evidence was seen of inflammatory reaction to the hemo- 
pericardium. 

Aorta . — The intima was gener.ally thickened. There were several atheromata of tv-pical 
appearance, varying from the cellular- plm.^c to acellular debris with clefts where the choles- 
terol had been dissolved. The media was divided approximately in the middle by the dissec- 
tion. In the resulting space was free blood and also adherent platelet-fibrin-leucocyte thrombi. 
The parallel elastic fibers of the media were intact, except for the two to three fibers imme- 
diately adjacent to the dissection where they were occasionally necrotic and often disorgan- 
ized by the seepage of blood. In a few areas there was a sparse leucDCj-tie infiltration. The 
line of tear was parallel to the elastic fibers. In the outer layer of the media were occasional 
small blood vessels and fibrotic scars, both at right angles to and parallel to the elastic lamelae. 
In the adventitia was a perivascular collection of small round cells, some of moderate magni- 
tude. These inflammatorv- changes were not diagnostic of a sj'philitic meso-aortitis. 

Anatomic Diaffiiosi.v. — 1. Dissecting aneurv-sm of the aorta with rupture into the ab- 
domen and pericardium. 2. Alarked hypertrophy of the left ventricle. .3. Arteriosclerosis 
of the aorta, severe. 4. Coronarj- arteriosclerosis. 5. Arteriosclerosis of the kidneys. 


CASE XO. 2 

E. At.B., a 47-year-old white male, was admitted at 4 P.M., January 13, 1943. In his 
left lateral chest he had had a severe attack of pain, which radiated to his substemal region 
on the evening of January 11, 194.3. The pain was oppressive in nature and later radiated 
fo the epigastrium; following this he became very weak and broke out into a profuse pers- 
piration. The pain also radiated to both shoulders, but not down either arm. He vomited 
one and one-half hours later. At time of admission the only re.sidual complaint was some 
pain in his epigastrium. He was a known hypertensive for many years, but liad no complaints 
referable to his cardiovascular system. There was no history of rheumatic fever or syphilis. 
Cardiologic examination, January 14. 1943, revealed a 47-year-ohl white male, propped 
up in bed, dyspneic and cyanotic, appearing acutely ill. There was a regular sinus tachv- 
cardia. Point of maximal intensity was in the fifth intercostal space at the midclavicular 
line. The apical impulse, however, was heaving and forceful and gave the impression of a 
markedly hypertrophied left ventricle. The sounds were booming with an accentuated A-^ 
Tliere were no thrills palpated and no murmurs heard. There was no evidence of failure 
Blood pressure was 240/140. The radial vessels were thickened. Electrocardiogram revealed" 
inverted T waves in the second and third leads and the presence of left axis deviation. There 
"as Ho evidence of an acute mvocardial infarction. 

The white blood count was 13.000. with 85 per cent polymorplionuclears and 15 per cent 
.vinphocytes. Nonprotein nitrogen was 35. The urine was not remarkable. -VVa.ssermann 
aad Ivahn tests were negative. The temperature was 100 degrees. 

A diagnosis of liyijertensivo and coronary arteriosclerotic heart disea.-e. with cirT 
enlargement, was made, and in spite of the elevated blood pressure, the prob.abilitv 
coronary thrombosis was borne in mind. A short time following tlie above e.xamirmt:n„ 
puticnt expired, quietly and rapidly. Just prior to death the cardiac .sounds were" t, 

ccrnible, and the possibility of a ruptured ventricle resulting in an acute cardiac i ° 
was considered. caromc tamponade 
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I’O.ST-MORTKM KXAM1SATION-. CASK 2 

There was un extravasution of hhiish reil hlood into the telrojieriloiietil tissues. This 
extravasation was loealiv.ed, jiriniarily, on tlie posterior aspect of the aoita, Iiiit also e.vteiiiled 
down alon" t)io ripht iliac artery almost to the pelvic outlet, around the ripht lateral surface 
of the hladder and into the base of tlie mc.sentery. 

Chrst . — There was no tluiil nor were there adhesions in the ripht pleiir.'il cavity. In 
the left pleural cavity there were about ‘dddb e.e. of fresh blood containinK very larp' fresh 
clots. The heart was inodorjitely enlarged and ueijclicd rdlli Om. There was an cccliynKisis 
into the adveivtitia of the pulmonary artery which will be described snli.si'ipiently. The wall 
of the left ventricle was markeilly thickened, averaRin;: tlO mm. The cavity w.'is moderately 
dilated. The aortic valve cusps were thin and ilelieate but eonlaiiied !i few atherosclerotic 
jdaqncs. There was a moderate arteriosclerosis wiiliin liic sinuses of Valsalva, which resulted 
in a moderate fusion tit the coinmi.ssurcs of tdl tlie cusps. The o'-tia of the coronary arteries 
were widely patent. Tlie coronary tirtcrics were the scat of widcsprctid and severe arteno- 
sclerosis. There was no marked nnrrowiiic of the hiniiiia in the fir.“t two centimeters, lleyond 
tlie first two eontimoter.s tlie iuiiiina of all major vc'sels were nuirkedly narrowed at most 
levels to a mere pin point. The myoeardinm wtis red Iirnwn and firm, and there were no 
areas of fibrosis noted. Tlie aseendinji aortti and the areb were eltistie, tind tlie inlimn was 
almost free of ntheroseloro.Mis. .lust beyond the openinjj of the left subelavian artery there 
was a lonrr oblique linear rent extendinc throii"h tlie intima and meilia. Tt was f..") eni. in 
lonrjth and oeeurred in a section of tlie aorta which was free of ealeilied plofpte.s or other 
{H'o.ssly evident almormalities. From tliis iioint down, there was a cavity between tlie media 
and adventitia whicdi tilmost completely encircled the aorta to the level of the orifiin of the 
inferior mosentcrie artery. At this point, there wa.s another transversi- linear rent in the 
intima 1.5 cm. in length and comimiiueatinK with the cavity, llelow this, the dissection eon- 
tinned down the right side of tlie tiorta and the right iliac artery. The left half of the 
aortii was not dissected at this level. Within this cavity was a large quantity of freshly 
clotted blood about 2 cm. in thickness at tlie level of the upper tear, and diminishing to a 
few mm. below. The intima of tliis portion of the aorta euntained a eonsidernble ntimlier 
of superficial .vellow plaques, a few of which acre calcified, I’liere was no tree bark wrinkling 
of the intima. Tliore was a iiioderute loss of elasticity of tlie wall. Tliere was ti marked 
ecchymosis into the adventitia; this was most marked in the thoracic portion of the /le.seend- 
ing aorta. It also spread upwards, tiiough mild in degree, over the arch of the aorta, on 
the anterior surface of the aorta and pulmonary arteries to their bast's, and into the parietal 
layer of (lie pericardium for about (> cm. from its uttaelimeiit. Tliere was no disi^eetion 
between the media and adventitia above tlie proximal tear. Tlic aorta measured 0 cm. in 
diameter in the a.scending portion ami tapered down to A..! cm. in tlie descemling portion. 
Tliere wa.s no constriction at any point or coarctation. Tlie point of rupture of the adven- 
titial tissues into tlie left jdeural cavity vonld not be determined. 

MICnOSCOI'IC J-rXAXllS.VTION' 

Aorla . — Tlie intima w.-is ossontially normal. The inner Imlf of the media was composed 
of the usual parallel Inincllae of elastic tissue. The dissection separated tlie outer quarter 
from the inner three-quarters of the media. In the space created was an adherent thrombus 
composed of fibrin and red blood cells with a considerable infiltration of polymorplionuclcars. 
The inner segment of the media sub.jacent to the thrombus stained poorly, and the nuclei of 
the clastic tind connective (issue fibers appeared to have dropped out. Tliis process affected 
!i con.siderablc length of the media in the section taken and about onc-fourth of its tliicknrs.s. 
In the necrotic media at the base of the tlirombns were many pyknotic nuclei, mostly of 
polymorphonuclear cells. A .similar jiroeess affected most of the outer layer of the luediti 
at the level of the dissection. This necrotic process was not confined to any one segment 
of tlie aorta but was seen at several levels below the dissection. In an chistic-conncctivo tissue 
stain the elastic fibers were almost undamaged, but the intercellular sub.stance appeared to 
have 'suffered the chief alteration. In the adventitia was a sparse round cell infiltration no 
more than that normally present. 

Comment. The areas of early necrosis in the aorta probably resulted from an im- 

paired nutrition of the wall secondary to the dissection. This was suggested by their occur- 
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rcnco beneath the ntliieront tliromlnis find not to the “nine degree elsewliere. 

Diapnonrx. — 1. Dissecting anourysin of tlie aorta witli rupture into the left pleural sac. 
2. Heniothorox, left. Eceliyniosis into the posterior mediastinal, retroperitoneal, and peri- 
cardial tissues. 4. .Vrteriosclerosis of the aorta, mild. 5. Infarct, right kidney. 


DISCUSSION 


The.sc two reported ense.s, and in addition one other case of dissecting aortic 
aneurysm discovered at jiost-mortem examination in 1936, constitute the total 
number of such eases observed in 31,300 admissions over a period of ten veal's. 
During this time there were 1421 deaths and 360 necropsies, gi\'ing an incidence 
of 0.84 per cent of the autopsied material. 

The third ease referred to was found in a 3S-year-old white male, who had 
a moderate hypertension and died suddenly. The details of his clinical course 
are not available. Post-mortem examination revealed a tense cardiac tamponade, 
due to a hemopericardium. The aorta showed two transverse tears 1 cm. above 
the aortic ring, the edges of which were smooth, as though cut by a knife. The 
adventitia was separated from the media, forming a second coat which extended 
from the intimal tears to the diaphragmatic level, encircling the aorta for ap- 
proximately three-fourths of its circumference. In the descending aorta, 15 cm. 
from the arch, there were three more transverse intimal tears, which were, also, 
smooth. There was no evidence of syphilis. iMieroscopic examination revealed 
endothelialization of the new tube, a priori evidence that the condition was not 
very recent. No atherosclerosis of the new aorta was present, as it was in the 
ease recently reported by Graybiel and Sprague.® The heart weighed 350 grams. 
The coronary arteries showed advanced atherosclerotic changes. 


In these three eases, hypertension of severe degi-ee was present in two, and 
of moderate degi-ee in one. The marked variation in the degree of athero.sclero.sis 
was striking, being most severe in the case illustrated, and practically absent in 
the second case. In the third case it was present in moderate degree. 

Another interesting point was the fact that the intimal tears in aU three 
ca.ses occurred in a portion of the aorta which was relatively free from athero- 
sclerotic changes. The explanation for this is obscure. The margins of these 
rents were straight and sharp, all conforming to the type depicted in tlie illus- 
tration. None of the vessels showed any of the acceptable criteria for a diag- 
nosis of syphilitic aortitis, the serology' being negative in all three, althouo-h a 
history of inadequately treated lues was obtained from one (Ca.se 1). All three 
showed some degree of perivascular round cell infiltration in the adventitia mild 
in two and moderate in the third (Case 1). There was no dilatation of the 
aortic ring, however, and there was no separation of the valve commissures 


While, as stated before, the presence of a .syphilitic mesaortitis mav en- 
hance dissection, Klotz and Simpson- state that the luetic process, beinr- a 
granulomatous inflammatory proce.s.s tends to weld the lamellae more closeh- 
logethcr,’-^ so that '‘the wall would split less readily into its anatomic layei-s 
If is to be noted that the signs which may aceompanv this sx-ndrJme do 
Jicnd, in part, upon the site of the intimal tear, which usuallv conforms to the 

noVt of dissection. Its subsequent course is of marked im 

poitancc and vanes to a considerable degree in different oases Thoco r * 

vivimv uhen ,I,e uv„ rcp„,-,od n,c coLS. Zl 
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intimal tear occiu'recl slightly alinve the aortie riiia:. the more usual site, result- 
ing in the sudden appearance of a systolic and diastolic Tuurmur. With tlic 
progression of the dissection, the likelihood of involveim.mt of the larger vessels 
of the upper extremity is good, cxphnuing the marlu’d disj)arily iu blood pres- 
sure readings obtained in both arms. While tin; blood pis^ssure was not. taken 
in both arms in the seeond case, it is doubtful, fnmi tlic necropsy findings, 
whether any disparity had existed. Obviously, if the iliacs are involved iu the. 
dis.section, differences in the jndsations of tlie arteries of the lower extremities 
may be ai>parent. This may or may not accomjiany a .sensation of iniiiihncss, 
tingling, or coldne.ss of llio involved extremity, ns was jtresent iu tin? first ease. 
It was not looked for in the second case. 

The .striking findings in these cases wiwo a liistory of si'verc thoracic ])ain. 
with widc.sprcad, variable radiation, the ai)scncc of elect rocardiograpliic evi- 
dence suggesting a “prolraeted coronary insufiicieiicy,” :md tlic continuation of 
an unusually marked, pre-existing hypertension. I’oth patients were obviously 
ill even after the pain had subsided. Tn tlie first ease, liio aetual dissection and 
rupture were observed wliile the patient was on tlic ward. The additional find- 
ings of the newly developed murmurs, the disparity in blood prc.ssurc rca<lings. 
and the paraesthesias and eold?ie.ss of the left leg made tli(> diagnosis relatively 
obvious. 


srMMAUY 

1. Two eases of massive dissection of llie aorta are ))i-e.sented, in one of 
which an ante-mortem diagnosis was maile. The pathologic description of a 
third ease is given. 

2. An idea of the incidence of this entity, and the difficulties in diagnosis 
arc brought out. Certain factors sugge.s(ing th<- diagnosis arc iliscussed. 

I .-nil indebted to Dr. Hoy n-iinctt for tlic imtlioloKic de.icrliillon of tlie lif.'irt iind iiorta. 
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THE EXPLANATION FOR THE ABSENCE OF CLOTTING IN 
BLOODY CEREBROSPINAL FLUID* 


]\r. J. jMadoxick, jM.D.,t AND BerxvVrd New'jiax, Ch.E., !M.S.t. 
New York, N. Y. 


A lthough textbooks of neurology state that the spinal fluid in eases of 
su!)arachnoid bleeding does not clot on standing and that spinal fluid 
admixed with blood which is produced by trauma during liunbar puncture does 
clot on standing, very little is reported in the literature regarding the explana- 
tion for the lack of clotting in the former. 

Fresh bloodv eerebtospinal fluids of fifteen patients, var\-ing in age from 
20 to 60, were studied. No clotting occurred after the lapse of many hours in 
any of the specimens. Slight xanthochromia was noted in the supernatant fluid 
of one of the specimens. Examination of the smeared sediment \vith ^Yright’s 
stain revealed the presence of many erythrocytes, normal in size, .shape, color, 
and staining properties, a moderate distribution of leucoej-te.s, and what ap- 
peared to he a dearth of thronibocj*tes. 


EXPERDIEXTAL PROCEDURE 


In five of the fluids selected at random, the calcium concentration varied 
from 4.3 to 5.1 mg. per 100 e.c. In two of the fluids, the chole.sterol was either 
zero or a slight unreadable trace. 

The cerebrospinal fluids were examined both before and after centrifuging 
for the presence of fibrinogen by adding to each 0.5 c.c. of fluid varying amorrnts 
of 11/40 CaCL, from 0.1 to 0.5 e.c., and 0.2 c.c. of thrombopla.stin .su.spen.sion 
made up according to Ziffren et al.” In no case did clotting of the cerebro-spinal 
fluid occur. 


It was also comsidered possible that an anticoagulant was present in the 
spinal fluid which may have accounted for the failure to clot .spontaneously. 
Accordingly, 0.5 c.c. of the fluid was added to 2 e.c. of freshly draum blood and 
permitted to stand at room temperature. In all eight of the cases m which 
this was done, clotting took place. The prasence of such a heparin-like anti- 
C'oagulating factor in the cerebrospinal fluid after nontraumatie subarachnoid 
hemorrhage may thus be ruled out. 

In order to determine whether the amount of blood in the hemorrhaoic 
spinal fluid would not give enough fibrinogen to permit clotting, nontraumatie 
spinal fluids from three normal indimduals in the same age group were colored 
mth fr eshly dravm blood to about the same intensity as the hemorrhasie fluids 
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Till'; .lOuuNAii or hAnoR.n'oiiv and ('MNIcai- mkdhoni; 


and permitted to stand. In all three ol’ these eases, the fhiids clotted in almut 
twenty minutes to a .ielly-lilve consistency. 

In the next series of studies performed, blood jdasma was added in tlie i)ro- 
portion of 0.5 c.c. to eaeli 2 e.e. of clear eentrifiittcd heiuorrliapic spinal thud to 
determine whether the criterion for clottiu" was the ju-cscnee or ab.sence of 
fibrinogen. Wlien this was done and 0.2 c.c. of !M/4f) CaCl,. added, the fluids 
clotted, but only on addition of a thromboplastin suspension. However, if to 
the uncentrifuged s])inal fluid only jdasina and (.‘a(,'l; were added, omitting 
the thronibo])lastin, clotting also took ])1acc. In other words, exce])t for 
filndnogen. everything nece.s.sary for the clotting of the spinal fluid was ])rescnt 
in the fre.sh liemorrhagit; fluid. 

The calcium determinations obtained in the thuds tc.sted were within normal 
limits (Jlerritt and Bauer'). There were no alterations in the eholc.sterol con- 
tent (Plant and Iludy'")- Bamld empba.sized the absence of clot formation in 
the spinal fluid of metdingeal hemorrhage. He ]n‘rfonned several experiments 
with fluids and blood, stating that “even though the amount of blood obtained 
in .spontaneous meningeal hemorrhage be much greater than that refpiired to 
clot a mixture of normal blood and fluid in vitro, no elotliim lakes place.” He 
advanced no explanation for this phenomenon. 

Our e.xperiments indicate that the lack of clotting is due to the absence of 
fibrinogen. Normal spinal fluid does not contain this substance (lievinson,*' 
Merritt and Fremont-Smith.*' Straass and Kaliski'^). We then have to exjdain 
what happens to the fibrinogen of the blood that e.seai>es from the source of the 
bleeding. We believe that there is clot formation in the cranial cavity and that 
the fibrinogen is thus removed. The blood that is obtained on lumbar puncture 
is therefore scrum with 7-ed blood cells. ()n autoi>sy, jierformcd on one of the 
two fatal cases in our serie.s, clots were found in the subarachnoid .sj)aco.s. Clots 
and hematomas in the subarachnoid spaces and even in tin; ventricles have been 
frequentl.v described in cases of subarachnoid hemorrhage (Bagiev,' Fearnsides,* 
Sehmidt,” Strauss et al.'*). The e.xplanation for the lack of clotting is the .same 
as that suggested b.v Neel" and by Froin.-’' The former slated that a noinu-fificial 
admixture of blood and cerebrospinal fluid "does not coagulate because coagula- 
tion has already taken ])lace in the subarachnoid space.” However, ho gives no 
data to show how he reached this conclusion. Froin ofi'ered the cx])lanation that 
in subarachnoid hemorrhage the blood foiaus a clot at and around tlie site of 
leaking. He further stated that the proportion of red cells comprising the clot 
varies according to the severity and the site of the hemorrhage. If the latter 
be in one of the basal cisterns Avhere the circulation of cerebro.spinal fluid is rela- 
tively unimpeded, large numbers of crytliroeytcs are washed off and rapidly 
diffuse through the subarachnoid space. If on the other hand tlie site of the 
bleeding be in the lateral ventricle, the channel of flow is relatively narrow and 
the great majority of red cells remain trapped in the clot. The red cells that 
reach the basal cistern then rapidly diffuse through the subarachnoid .spaces. 

We believe the mcehanism is similar to the absence of clotting in menstrual 
blood (Lozner et al.'’'). Thromboplastin has to be added to the menstrual blood, 
but its addition does not seem to be necessary for clot formation in the cerebro- 
spinal fluid. 
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CONCLUSION 

Fresh bloody spinal fluids of fifteen patients with meningeal bleeding were 
examined to determine the cause of the lack of clotting. It xA'as found that 
fibrinogen was absent in all cases. This, wo believe, is due to the occurrence of 
clotting in and around the brain during which process the fibrinogen is I’emox'ed 
from the fluid. 
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THR0I\IB01’JILKH1TJ.S .MKiRAXS^ 


jroRGAX Yalk SwiitSKy, AND Caicsau Cassano, Ni;\v YoitK, N. Y. 


T HROIMBOPIILEBITIS inifriniis is a rclalivciy uiiconimoii (foiiditioji of un- 
known ctiolosry. it involves chiefiy Iho sniHurunnl veins of the njtper and 
lower exlreinilie.s. Y’idely separated rejiions of t!ie body ai'C Jiffceted witli scir- 
inents of normal veins between the regions of thrombosis. There is aiil)arently 
no relation to pre-existing disease of or trauma to tin* ve.ssels. The veins of the 
visceral organs are very rarely involved. Tendency to emboli/.e is stated by 
many observers to be infrequent, while otheix stre.ss the frequency with which 
it occni’s in the lungs. The disease affects both sexes and all ages. The course 
is of variable duration and is generally benign, usually terminating in complete 
recovery. Approximately 100 eases have been reported in medical literature, 
but in only four aecei)table instances has antop.sy been ]>erformed.’’' ^Ve 
disagree with Birnberg and Han.sen in accepting the ease of Ilij-schhorn et al„ 
because the rheumatic lesion was completely beab'd, was not moi'c seven* than 
has frequently been found in other autopsies as an incidental observation, and 
the acute lesion of the heart was nonrheumatic in nature. The pre.sent com- 
munication is the report of another ea.se of thrombopldebitis migrans witli 
autop.s.v. The rarit.v of neerop.sy ob.scrvation .seems to .pistify its pre.sentation. 


CASi; ukuoht 


Tlie patient, A. C., a tiT-ycar-old wliite female, wa.*- :iilmitte(l to the mediral .‘•ervice of 
Dr. John. Carroll, on Mareli 7. KMl.’. with u ehief eoiiipluiut of paiu ami '•wolliug of the right 
leg and thigh. Tliis was of l',4 weeh.s’ dtinitioii. For two week'; prior to tlie onset, slie had 
been confined to bed with urimirv fretiiieney. urgency, hurning, and nocturiti. I’ain which wa.^ 
fir.st noted on the inner aspect of the right ankle joint soon si)rend up the entire lower limh 
as high as the groin and was !ieconipanied by .‘■welling of the e.sireniity ; ehilks, fever, and 
diaphoresis were absent. There wsis no history of trauma or any jnevious similar epi.sode. 

Pn.sf Jlislort /. — At the iige of (i to 7 years, she had an atftick of eliorea without pol.v- 
arthritis or apparent rheumatic heart disea.se. At the age of 17, shortly after the death of 
her mother, the patient began to gain weight iind .soon became very obe.se. Since the age of 
20, she had suffered with attacks of bronchial asthma. 

Physical Examinalion on entry revealed a very obese young white female, ap])e!iring 
somewhat breathless, tvith d.'irk rings around her eyes. Piipiks were round, rogiihir, equal 
in size, and reacted well to light and accommodation. Oral hygiene was jtoor and the 
phar}'nx was somewhat injected. The neck was supple tind no nodes were palpable. The 
lieart was apparently not enlarged, rhythm was regular, tones were of good quality with no 
audible murmurs, and P; wsts greater than A,. Blood pressure was ISO .systolic ;ind J20 
diastolic. Both lung fields were full of astiimntoid wheezes and harsh hreafh sounds. Xnnicr- 
ous white striae wore present over the abdomen; italpation was negative. Tlie right lower 
extremity shoived generalized edema and local heat with exquisite tendornes.s to toucli along 
the cour.«e of the saphenous vein. The left lower extremity was not remarkable. There was 
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a moderutc degree of elubbing of tlio fingers. No abnormal Iiir.siitism was noted. Tcniperatnrc 
was 99.1!, pulse, 12S, with respirations at 20. 

Clinfrnl Coiir.se. — Patient was put to bed and treated with palliative mea.sures for three 
days. The fever rose slowly but steadily during this period to 103.0 accompanied by a rapid 
pulse rate out of proportion to the temperature, and with increasing dy.=pnea and cyanosis. 
The physical finding.s were siigge.stive of hvpertensive heart disease with left ventricular fail- 
ure, so-called “cardiac asthma,’’ and a right lower lobe pneumonitis. She was treated with 
the usual measures with no startling results. A roentgenogram of the chest tahen on the 
third ho.^pital day .=howod diffuse irregular confluent densitic-s throughout the right Inng 
field, enlargement of the heart with left ventricular predominance, and hepatomegaly. The 
electrocardiogram revealed a simple tachycardia witli a rate of 136, A-V condnetion time 
of 0.16 seconds, slight loft axis deviation, diphasic T,. and inverted Qj and Tj. The blood 
ilasscrniann reaction was negative, nonprotcin nitrogen, 27; sugar, 114; cholesterol. 8.5; 
cholesterol esters, 29; icteric, index, 15; calcium. 9.7; phospdiorus 2.56; albumin, 3.2 per cent; 
and globulin, 1.9 per cent. Tlie urinaly.sis revealed a specific gravity of 1.022, two plu.s albu- 
min, and numerous pus cells. A sputum typing was negative for pneumococci, but showed a 
Staphylococcus mircus: Despite the use of oxygen, digitalis, chemotherapy, and various sup- 
portive measures, the patient remained quite uncomfortable and ran an irregular febrile 
cour.se with accompanying comparable pulse rate. The temperature ranged between 99.2 and 
102.6 degrees and the pulse rate between 98 and 130 per minute. A second roentgenogram 
of the chest taken on the sixtii hospital day showed slight clearing of the bronchojmemnonic 
changes. 

On the fourteenth hospital day, she suddenly complained of sharp and rather severe pain 
in the right lower chest. Examination revealed dullness to percussion with scattered moist 
rales over the right lower lobe, a tender liver enlarged three fingerbreadths below the costal 
margin, and bilateral ankle edema, more marked on the right side. The che.«t roentgenogram 
showed a consolidating process in the riglit lung field, while the electrocardiogram revealed 
depressed T, and T. but other^vise was similar to the previous tracing. Blood and urine 
cultures were negative although the urine continued to show numerous pus cells, albumin, 
and a specific gravity of 1.016. The icteric index was 18, nonprotein nitrogen, 35; cholesterol, 
143; and cholesterol esters, 40. Bed blood cells were 4,400,000; hemoglobin, 70 per cent 
(Sahli) ; and white blood cells, 15,000, with 83 per cent polymorphonuclears. Sedimentation 
time was normal. On the eighteenth day, she complained of sudden onset of severe pain in 
the posterior aspect of the left thigh and calf with palpatory tenderness along the c-our.se of 
the saphenous vein. During the following twenty-four hours, the usual findings of a thrombo- 
phlebitis appeared. She received a course of heparin (“Liqnaemin”) with good symptomatic 
relief. The irregular low-grade febrile course and accelerated pulse continued after .sub- 
sidence of the thrombophlebitis, and epi.-^odes of marked dyspnea and some cyanosi.s con- 
tinued, accompanied by scattered rales and wheezes in both lung fields and per.^i.iitentlv ele- 
vated blood pressure of 200/126 to 250/120. The cardiac physical findings were not note- 
worthy. 


On the forty-first day, severe pain in her left upper extremity suddenlv occurred. TI:e 
arm was greatly swollen, hot to touch, exquisitely tender to light palpation, and had a peculiar 
mottled cyanosis of the skin overling the involved area. Anotlier course of heparin 
(“Liquacmin”) was given, again with dramatic symptomatic relief, and thi.= thromho- 
pldobitic incident apparently rapidly subsided. On the fifty-first day, she developed signs of a 
left upper lobe pulmonary infarction which caused her transient discomfort. On the fi/tv- 
seventh day, thrombopUlebitis of the left external jugular vein developed suddenlv, accom- 
panied by severe pain and reappearance of the swelling of the left arm. A blood count the 
follomng day showed red blood cells of 3,-150,000 and lcucoc\'tcs of 1-J.300 with 85 
polymorphonuclears. Staphylococcus aurtvs and liacilhjs coti were isol.ated from the'^ll'^^^t 
She gradually lapsed into coma, temperature and pulse rate rose steadih- .and tho^r, ' 
expired on the sixty-first day in pulmonary edema. Final temperature wa= 105 n.d=; 
and respirations were oO. ' r r-*-. 


-lutopxiK — (Performed eighteen liour.s after death, 
stracted.) The body is that of a markedly obese white w 


Only the pertinent data are ab- 
oman of about the stated age. There 
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iiJ !i two-plus pitting: I'lloiiui of tho loft nrm liiul Imlli lo^s. Tlio iif;lil jmpil is slinlitly liirtror 
tluin tlio loft. Tlic peritomuil ciivity conlaiiis oiio liter of flour .straw-onloroil fluid. 

Heiii't. — 750 grains. Tlio jioricardial sac oontains 125 o.o. of a oloar straw-ooltircd fluid. 
Tho heart is cnlarfjod iii all ohamhors. The rif;ht uuriede is ooviued with a thin layer of 
fibrin. There is abundant epicardial fat. On the anterolateral wall of the ri^ht auri<de is 
a firmly attached friable ijray thrombus eoverinfi the endooardium. The reiuuinder of the 
mural endocardium is normal. The mitral valve is thickened, anil alonfc the line of closure 
is a row of pinhead-sized linn vegetations similar in color to flic body of the cusps. On the 
aurkular surface of the posterior cusji above the line of closure is a sinole lareer venelatiim, 
f cm. in length, firmly attached, gray-pink, and somewhat friable. The i-hordae tendincae are 
normal. The aortic, trieusjdd. and pulmonie valve.s are normal. The left ventricle is markedly 
and the right ventricle moderately hyperirophii'd. The myocardium is of good tone and 
color and appears free of sear. The coronary arteries have mild to marked jcitehes of 
atheromatous thickening. ;• 

Aorta. — Tiierc is an occasional atheromatous plaque in the arch and alHhiminal jiortion. 
The main branches are slightly dilated. 

Veins. — The left jugular and innominate veins down to the junction with the superior 
vena cava contain firmly attached thrombi with redilish <-ores. Firm gray thrombi occlude 
tho right subclavian and both femoral veins. The venae eavjie, portal and hepatii? veins 
arc normal. 

Lung.s. — Itight fl75 Gm., left 5<7l) Gm. Mach pleural sac contains one liter of clear 
straw-colored fluid and has readily torn stringy fibrous ndla-sions. The jioslerior surface 
of tho right lower lohe is eovered with fibrin. In the right lung an* many are:is, irregular 
in size and .shape, firm, granular, and friable; some are gray in color. Xear the liibim is ti 
roughly i)yrnmidai urea of the lower lobe with the ba.so resting on tlie liorizonlal fissure. The 
center i.s gray-pink; the periphery, heniorrimgie. In both lungs, many emboli are pre.sent in 
the medium and smaller blanches of the arteries. The traelu'obronehial lr(’e has copious quan- 
tities of soromucus, and the mueo,«a is mildly congested. The lymph node.s an- enlarged, 
cdematou.s, and blue-black. 

Liver. — 2,000 Gm. There i.s an iiiten.'-ificatioii of the markings’, giving it a tvph’al 
nutmeg appearance. The pxtraliep:itic biliary .system is negative. 

Spleen. — :’.75 Gm. The capsule is tense, irregularly thickened, nnd has a feW stringy 
fibrous adliosions to the diaphragm. The cut surface has a dark maliogaiiy i-nlor and soft 
consistency. In the suhcupsular zone are two small fresh infarcts, one with a gray, the other 
with a hcniorrliagic center. Tho artery and vein are free of thronihosis. 

Urinary Sy.stom. — Itight kidney, 21.5 Gm.: left kidney, 210 Gm. Tlie fibrous capsules 
are .slightly adherent, leaving a moderately coarse granular surface. The cut .-.urfaco-i are 
edematous, but otherwise normal. The lower third of the left ureter is .-^lightlv dilated. 
Otherwise, the system is natural. 

G. r. Tract. — There is difl'use .submuco.sal congestion. 

Brain. — 1,250 Gm, The meninges are markedly engorged. Section fails to reveal any 
other changes. The pituitary is normal. 

Paranasal Sinuses. — The sphenoidal sinus contains a light brown, moderately thick, 
purulent exudate wliich flows freely upon opening the sinus. The ethmoids, middle c;ir.», and 
mastoids arc normal. 

Pancreas, adrenals, and generative organs are normal. 

Heart.— The left ventrielo has marked hypertrophy; the right, moderate. 
Small perivascular and interstitial scars arc present, most abundant in the interventricular 
wtill and loft papillary muscles. In a few there arc small foci of lymphocytes, occasionally 
witb mast cells. There arc a few isolated foci of polymoiphouueU-.vrs in tlie suliendocardial 
z-onc of the right ventricle. Some of the intrinsic arteries Iiavo slight endothelial hyperplasia. 
The right coronary artery has marked atheroma and dense lymphoid foci in the adventitia. 
The mitral valve Is thickened, fibrotlc, ’and hyaline. It is well vascularized with fhin-wailed 
vessels and small tbick-walled arteries, having a fine intiiual elastification. The small vegeta- 
tions are dense and fibrotic. The larger vegetation is similar and covered with a platelet 

thrombus. 
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Lungs. — There is ilifTusc ciipillnry engorgement. In the right lung are foci of hemor- 
rhage completely destroying the architectural pattern, surrounded by alveoli containing edema 
fluid, polvmorphonuclears, and hemosiderin-bearing pliagocyte.s. Many of the smaller arterie.s 
are occluded by well-organized, partially recanalized thrombi. It both lungs are foci of con- 
solidation surrounding smaller bronchi. 

— There is marked diffuse chronic passive congestion. The cords of the central 
zone show dissociation, necrobiosis, and bile pigmentation. The portal areas are not remark- 
able. 

Spleen. — There are several small acute infarcts. The remaining portions show moderate 
interstitial fibrosis, engorged sinusoids, reduction of follicles, and normal central arteries. 

Kidneys. — A few of the afferent arterioles have moderately thickened media. 

Sphenoid Sinuses. — There is extreme destruction of the architecture of the mucosa with 
Iieary polymorphonuclear, h-mphoeytic, and plasmacj-tic infiltration. 

Left Internal .Jugular Vein. — The lumen is occluded by a thrombus who.se peripheral 
portion is organized and recanalized and has small foci of IjTnphocytes. The central portion 
has well-preserved and ghost-like red blood cells. The wall of the vein is edematous and 
has a mild hanphoeytic infiltration. 

The other organs show only extreme engorgement. 

Anatomical Diagnosis. — Thrombophlebitis migrans; cardiac hypertrophy; healed rheu- 
matic heart disease; recent and old pulmonary emboli; acute bronchopneumonia; generalized 
chronic passive engorgement; splenomegaly; acute infarcts of spleen; chronic sphenoiditis; 
obesity. 

COJUIENT 

This case presented many of the well-recognized features of migrating 
thrombophlel)itis and several less common findings. As has been noted fre- 
quently, the acute episodes were recurrent in nature and associated with fever. 
The veins involved were in widely separated regions of the body and not en- 
tirely confined to the more .superficial ones. As usual, the proee.ss appeared 
first in the subcutaneous veins of one leg and then, by a series of relapses, in- 
volved the supeiiieial veins of all the other extremities. Thrombosis of the deep 
veins, i.e., the femorals, subclajian, innominate, and left external jugular vein.s. 
occurred, associated with edema, but without gangrene. No evidence of phlebitis 
or thrombosis of the visceraP' ® or coronary veins''’” was noted, although the 
possibility of these tj-pes of involvement has been repeatedly sugge.sied by .sca-- 
eral authors. Multiple pulmonary and splenic infarcts Avere present, but no 
evidence of thrombophlebitis or thrombosis of the pulmonary A'eins”’ could 
be detected, so that the only plau.sible etiology must be embolbsm from peripheral 
thrombi. The clinical cardiac findings in this case coupled AAith those at necropsy 
liad no fundamental relationship to tlie migrating thrombophlebitis. 

The etiologA' of this disease still remains unsolved, although numerous e.x- 
baustive studies baA-e been done on the possibilities of di.stiirbance of clotting 
mechanism, focal infection, allergic tA-pes of .sensitmty reaction, and funda- 
mental relationship to Buerger’s disease as primary caii.satiA'c factors. ^Many in- 
A-cstigators have taken repeated cultures during the acute phases in the hope 
oi proving a bacteremia or septicemia as an etiologie agent, but the results haA-e 
been very disappointing. Hedblom’- reported the pre.senee of “nonmotile 
•spore formei-s” in the blood stream in his study, and M'alker,’^ the finding of 
/Dicpfi/.s (ilkaligcncs. In our case a blood culture taken early in the eouise 0/ the 
dA.sc-aso .slioAved no groAvth, Avhile a culture taken forty-eight hours before death 
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.showed ^laplti/lococciis (ntrens and Jinrilhis c.oli. This may have been an 
agonal phenomenon, and no definite eonelusions (riin be drawn. Unrortiinately, 
cultures from the involved veins were not taken at the auto])sy table. The 
rheumatic lesioiis found at autopsy appe-aved to he purely iue.idcutal findings 
having no relationship to tlie thromboi)hlei)itis. Onr eonelusions were similar 
to those adopted in ret'erenee to the ea.se of Uir.sehliorn et al. 

The treatment in the.se ea.ses .still leaves much to be de.sire<l. Our patient 
received adequate he]iarini/.a1ion, but this treatment failed to ])revent further 
rceurrenees and thromboses. However, dramatic and rai>id symi)tomatie relief 
was definitely obtained from the use of this agent. 

lUa-KIlKNCl-S 

t. Lipscliitz. M.: Zur <U“r Thromlmplili'liitis Miarnii^, llcatsclii' iikmI. Wflitir-c'iir. 55; T-l-t, 

102 !). 

2. Stoni, X. S.: 'l'lir<iiiil) 0 ]>liU;hitis Minran.-i. Willi lit'porl nf Two I'liUil Cii-i-^ tVilli 
Aufoj).‘;io.‘<; One Also Showiii); Priiimrv (’iiroiiionin of tlie Liver, Sotitli. M. .1. 27: 
S-IO, ]<).3-t. 

.'i. Ilirschhorn, L., Lisa, .T. K,. an<t (ioldstein, N. .1.: Tliroiiilioiilileliitis .Migniii,-'; Case 
Keport, Am. Heart .1. 17; 7(i. l!t:i!». 

4, Birnbcrg, V. .T., and Hanson, A. K.; Tliroinboplileiiilis Miemns. .T, I’odial. 21: 77.", 

1942. 

.7. Klotz, N.: Tliromlio-plilcliitis Minrnns, The Med. I’re.'-s and (’ireiilar 192: 271, 1!).'ai. 
(). Klotz, X.: Thrdmlio-phleliilis Migrans, l.anoet 2: t'.'l.s, 1922. 

7. Moorelioad, T. G., and Aliraliani,>!on, L.: Thr(>nilmi>lilel>itis .Migran.s, Brit. M. d. 1: 
uSC, 1928. 

5. Hartfall, B. .1.. and Annitago, G.: Throiiil>f> ]>hlel>itis .Migrans; Hepnrt of 2 f'ases, 

Guy's Hasp. Itoji. 82: 4’24, 1932. 

9, Bylo, .T.’a.: Thronibuphlcliitis Migrans. Laneet 2: 7.31, l!i.3(). 

10. Campbell, M., and Morgan, O. G.: I'nusnal Case of Multiple Thrombosis, Guv's Ho.'p. 

Hep, 80: 34. 1930. 

11. Collier, W. T.: Thrombophlebitis Migrans, Invotviug Deep Veins of All Four Limbs, 

Lancet 2; 1408, 1931. 

12. Ellison, .T. B.; Tliromlio-plilcbitis Migrans Complicating .Scurlot Fever, Brit, .1. Child. 

Dis. 28: 207, 1931. 

13. Hedbiom, C. A.: A Case of Thromtiophleliitis .Migrans, .1, A. M. A. GG: 1777, 191(). 

14. IVnIker, A. B.: Observations oa Thromlioplilebitis Migrans Witli Xoies of t^ise, I.uaeet 

2; 93G, 1932. 



THE ARTIFICIAL PHOSPHOLIPID :\IEMBRANE, 
SE:\[IPERi\rE ABILITY. AND THE BLOOD-BRAIN BARRIER® 


•I. H. Wratiieruy, Ph.D., Richjioxd, Ya. 


INTRODUCTION 

I N A previous paper by the author (1943) it was pointed out that collodion 
membranes containing lecithin and cephalin exhibit some of the proper- 
ties of semipermeability generally associated Avith membranes of liA'ing cells. 
Among those properties found to lie common to both artificial and natural 
membranes may be mentioned the permeability eharaeteristies Anth re.speet 
to AA’eak aeids and Aveak bases and the behaA-ior of the asymmetry potential 
under A-arious conditions of pH. "Weak acids, such as salicylic, penneate 
the artificial membrane only AA'hen pH of the solution permits their existence 
as such and not as salts; that is to say, permeation occurs from an acid 
medium in AAdiich much of the acid exi.sts as un-ionized molecules, and not 
from an alkaline medium in Avhieh the degree of ionization is A'ery high. 
Similarly, AA'-eak bases, such as nicotine, permeate the artificial membrane 
only AA’-hen pH of the solution permits their exi.stence in the molecular form 
and not as ions; that is, permeation occurs from an alkaline medium and 
not from an acid one. The explanation proposed for these phenomena is 
based on ionization of the lecithin or cephalin molecules contained in the 
membrane, the nature of the ionization depending on pH of the medium in 
contact AA-ith the membrane. This is belicA-ed to give rise to the asA-mmetiw 
potentials observed in membranes, both artificial and natui-al. Ions bearin'o- 
charges of similar sign to that of the membrane are repelled by the mem'^ 
brane, and in this manner penetration of the membrane is preA'ented. Un- 
ionized molecules are not repelled in this manner, hoAvcA-er, and penetration 
may occur more or less readily. A definite correlation has been found to 
exist betAveen rate of penetration and concentration of un-ionized moleeule*: 
of acid or base. 

If the above is true, then by making relatively simple changes in mole- 
cules it should be possible to change the permeating characteristics of the 
molecules. For example, derivatives of nicotine in Avhich methyl iodide is 
added to one or the other, or both the nitrogen atoms contained in the 
molecule, Avould be e.xpeeted to ionize under all conditions of pH Avhich do 
not actually destroy the molecule, and consequently .should not permeate 
membranes containing lecithin and cephalin under .such conditions Us 
the esterification of salicylic acid as in the production of niethvl salicA-l^t/ 
or the removal of the carboxyl group to form phenol, .should result in ‘ ^ ’ 

tion of membranes by these substances under all conditions of pH Ai-hich 7’ 
not destroy the moleculc.s. Some of the experiments tn ho i do 
as eA-idenee supporting these conclusions. herein are 

co..e.c or vn.mia. 
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111 a I'oceiil review Frietlemann (1942) pointed nut that, many sulistanees. 
when introduced into llic hlood stroain. pass from lilood into lirniii suliKtanee. 
while certain others do not. The many ohservations hy various authors re- 
ferred to in this review liave resulted in the postulation of the exi.steiiee of a 
hlood-hrain harrier which is highly selective in its ahiiiiy to permit or deny 
passajre of substances into the brain from the blood. It is interestin'; to note 
that amon>;- substances which pass from blood to brain are the alkaloids, basic 
dyes, and certain toxins. Amonp: others which do not readily permeate the 
brain are the acid dyc.s, the arsphenamines, a few toxins, and most or all the 
viruses. The examination of the formulas and physicochemical properties of 
the.se various substances, as far as they are known, .shows that those which 
penetrate the brain exist at body pll. at least in part, as un-ionized molecules; 
whereas, those which <lo not penetrate exi.sf largely in the ionic forms. Friede- 
mann and Elkeles (10:141 found that the ability of toxins to penetrate the 
brain is closely related to their electrical statu.s. Those which are negatively 
charfred do not penetrate the brain; whereas, those wliich are positively char'ied 
or electrically neutral at body pTl do penetrate. Pi'csumably the.se electrical 
charges may be due either to ionization of one grou]) or anotlier of the toxin 
molecule, or to adsorption of ions. An electrical charge would re.stilt in either 
event. The nonpermeation of viru.ses. as pointed out by Friedemann. may be 
due to the relatively large sizes of the particles; hut it is interesting to note 
that of those for which such information is available, all are neg.atively charged. 
Certain others of the nonpermeating substances, such as trypan blue, congo 
red, and probably the arsphenamines. are believed to l)e of colloidal size, and 
hence do not permeate normal membrane.s. These facts suggest that the blood- 
brain barrier may be nothing more nor Ic.ss than cel! membrjines containing 
phospholipids. Obviously, then, any cell membrane containing such subslance.s 
would bo expected to serve as such a barrier. Some of the experiments to be 
de.scribed are believed to have a direct bearing i>n this (luestion. 


KXl’KfUMKXTAU AIKTIIOOS AXO UKSt'LTS 

Collodion membranes containing lecithin and eephalin (from brain) were 
prepared according to iucthods previously described (Wcatherby. 194:1) and 
were used in connection with dialysis cells such as those used previously. An 
effort was made to include sphingomyelin and chole.sterol in some of these 
membranes, but was abandoned because sphingomyelin is mb apiireciably 
.soluble in the ether-alcohol solvent used f<»r e<tllodion. and eholcstci'ol crystal- 
lizes when the ether content of the solvent is somewhat reduced by evaporation. 

Three metbyl iodide derivatives of nicotine were tested, ns well as uor- 
nicotinc. Permeability of collodion membranes containing leeitiiin and cc])luilin 
to these nicotine derivatives, as well as various other .su))stances reported 
either to penetrate the brain or not to peneti'ate it when in.ieetcd intravenously, 
was ascertained hy placing solutions of these substances on one side of the 
membranes and distilled water on the other. The dialysatos were examined at 
intervals for the varioirs substances. Generally two solutions of each substance 
were used, one at approximately body pl-l and another that was definitely acid, 
that is pH 3.5 to 4-'^- results of these ex])erimeuts are shown in Table 1. 
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All examination of tliis table sliows that those substances which exist as salts at 
body pH, and are tliercfore sub.ieot to ionization, do not readily pass through the 
artificial nicnibrane ; whereas, those which exist partly or largely as un-ionized 
molecules at this pH do penetrate these membranes. The parallelism between 
penetration or iioiipenetration of many of these substances into the brain from 
the blood stream and the permeation or nonpermeation of these same sub- 
stances with respect to the artificial membrane is striking indeed. Since most, 
if not all. cell membranes are believed to contain phospholipids (with some, 
their presence has been demonstrated conclusively), it seems probable that the 
blood-brain barrier is one or more membranous systems, which owe their selec- 
tive properties in a large measure to their phospholipid contents. 


Table T 


SrBSTAXCE 

pH Z.S-i.O 

pir 7.Z-7A 

PASSAGE or BLOOD- 
BKAIX BARRIER 
(FRIEDEifAN'K, 1937) 

Xicotine nieth}*! iodide derivatives* 

0 

0 


Xicotine 

0 



Xomicotine* 

0 

-f 


Phenol 

•r -»• 

X A. 


^'eoarsphenamine 

precipitated 

0 


Mapharsen. 

-i- 

-r 4* 


itethvlene blue 


-r 4- 

j. 

Toluidine blue 

trace 

4- -r 


Methvlredt 

trace 



^'’eut^al red 

0 

‘4’ *4 

-f* 

Eosin 

•f 4* 

4- 

— 

Trypan blue 

0 

0 

- 

Congo red 

0 

0 



All concentrations 0.25 per cent, except as indicated. 
•Molecular equivalent of 0.25 per cent nicotine. 
•Saturated. 


DISCUSSIOX 


Several of the experiments reported in the table deserve discussion in 
greater detail. Trypan blue and Congo red are colloidal, and hence could not 
be expected to permeate any but the most highly permeable membranes, al- 
though it is well known that the former readily passes through the damaged 
capillaries in an inflamed area. One would expect that neoarsphenamine. 
ivhich exists as a salt in an alkaline medium, would be changed into the le.s.s 
highly ionizable acid form in an acid medium and that permeation of the 
artificial membrane would occur under these conditions. However, precipita- 
tion of neoarsphenamine (probably following decomposition) occurred within 
a few hours after acidification of the .solution, and no permeation occurred 
within twenty-four hours, ilethyl salicylate would be the substance to be 
preferred instead of phenol for comparison with salicylic acid, but this ester 
is not sufficiently soluble in water for such an e.xperiment. Xone of the three 
methyl iodide derivatives of nicotine were found to permeate the artificial 
membrane. 


With nicotine and nornicotine. just as with all other ormnie bases the 
ratio between free base and salt at any given pH may be obtained by means 
of the Hender.son-IIa.ssclbalch equation. pH = nT\ - Base 

^ • The reciprocal 
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of this relatioiisliip liolds for woak acids. The value of ])1\ for nieoliue is 
approximalely 8.07; lhal is, half is free base and half salt at this pH. Witli 
noruiootiue the value of pTv is 9.09. At pU 7.4 ap])roxiinately 18 per cent of 
the nicotine exists as free base, while at the same )>1I only about 2 per cent 
of nornieotine exists as such. Nornicotine ])ermeated the artitioial membrane 
at body plT, but much more slowly than nicotine under similar conditions. 
ITowever, when pll of the nornieotine .solution was imu’eased to 9 . 0 . the rate 
of permeation was greatly increased, and under these conditions it compared 
favorably with the rate of permeation of nicotine from a solution containing 
the .same ])roporlion of free base. In this connection it is interesting to 
note that the L.D. oO for nicotine on intravenous injection into ral)bits is 
approximately (! mg. ])er hg.. while for nornicotin<> it is about •> mg. How- 
ever. on inlraperitoneal injection, doses of 1o mg. per leg. of nicotine killed 
six of ten rabbits: whereas, nornicotine in moli'cular equivalent doses (13.7 mg. 
per kg.) killed only one of ten.*’ Thus, jiornicotine is about twice as toxic as 
nicotine on intravenous injection; but when passage through additional mem- 
branes is necessar.v before its toxic ju-operties can be exhibited, as on intra- 
peritoneal injection, nornicotine is much le.ss toxic than nicotine. 

It has been well established by many ex])eriments repoiled by vai-ioiis 
authors that the rates of absorption of other alkaloids are de])endent on pH 
of the media containing the alkaloid.s. This suggests the interesting ]iossi- 
bility that pharmacologic activities of many alkaloids may be increased or 
decreased between wide limits by relatively slight changes in molecular struc- 
ture so that pK is increased or decreased ns interest may dictate. Or, acidic 
drugs such as salicylic acid and ncoarsphonamine. which do not permeate mem- 
branes rcadil.v, may be made to permeate by conversion into esters or deriva- 
tives which do not form ionizablc salts at body pH. 

.SU.MMAUY 

1. The collodion membrane containing lecithin and cephalin is permeable 
to molecules, but not to ions. 

2. Any factor, .such as changes in pH. esterification, and salt formation, 
which tends to change the degree of ionization, likewise changes the rate of 
permeation of such membranes. 

3. Those substances which penetrate the brain when injected itUi-avenously 
also permeate these artificial membranes; :ind those which do not jienetrate 
the brain do not permeate such membranes. 

4. In view of this close parallelism it is suggested that cell membranes 
containing phospholipids separating blood stream and brain .suhstjince con- 
stitute the so-called blood-brain barrier. 

KKKKKKXCtS 

Wcnttiorliv, .T. H.: Conceiiiiiig the IMecliiiiiism of ^remhrsiiip Semiiiermeiihilit v, .T. Cell. X- 
Comp. Phv.'iiol. 21: 1, lai.'i. 

Friecleinanii, Ulrich: Blood-Brain Barrier, Phy.siol. Bev. 22: lio, 1912. 

Friedcmann, Ulrich, and Elkcles, A.: The Blood-Brain Barrier in Infectious Uiscase.s, The 
Bancet 227: 775, 1954. 

Priedemann Ulrich: Further Inve.stigations on the Blood-Brain Barrier, .T. Immunol. 32: 
‘97 ,’i937. 

»Per.sonal eommunicallon from Doctor P. S. l..avson, Depavtuient of Pharmacoloin.-, Medi- 
cal College of VirBinla. 


STUDIES ON THE DETOXICATION OF ORGANIC ARSENICAL 

COMPOUNDS 


IV. The Protective Action of P-Aminobenzoic Acid Ag.mnst Lethal Do.ses 
OP Neoar.spiienamine Without Inhibition of Trypanocidal Potency® 

•T. II. Sandoround, Sc.D., and C. R. Hamilton, B.S. 
Indianapoli-S, Ind. 


introduction 


F ROjM extensive investigations in the field of bacterial metabolism, Wood.s^ 
offered as a stimulating hypothesis the suggestion that it was by ^^rtue of 
the eheniieal similarity obtaining between the two eompoiinds that p-aminoben- 
zoic acid acts as an inhilntor of the bacteriostatic property of sulfanilamide. 

The structural relationship between certain phenylai-sonate derivatives, 
such as atoxyl, trypai-samide, carbai'sone. acetarsone, etc., on the one band 
and p-aniinobenzoie acid (hereafter abbreviated paba) on the other, is e.s.sen- 
tially comparable to that exi.sting between paba and many of the sulfonamide 
compounds. In view of this analogy, we were impressed with the possibility 
that the trypanocidal potentials of the afore-mentioned arsenicals might be 
based on a mechanism similar in principle to the bacteriostatic mechanism postu- 
lated for the sulfonamides. To investigate this po.ssibility an expeiiment was 
set up in which a group of rats infected ivith Trypanosoma equiperdiim were 
treated with a massive (and usually lethal) dose of carbarsone to which a sub- 
stantial quantity of paba had been added. Had there been an effective diminu- 
tion of the trypanocidal action of carbarsone, these rats would have died in a 
few days fi-om acute trA-panosomia.si.s. Again, on the ba.sis of our experience 
ive expected that they might succumb by about the fourth day from the toxic 
effect of an overdose of carbarsone. Actually the majority of the animals in- 
volved in this experiment developed few and only minor stismas of arsenical 
poisoning. Purthei-more they suece.ssfully overcame the hazard of death Horn 
trypanosomiasis.' 


More interesting to us at the time than the failure of paba to inhibit the 
trypanocidal action of carbarsone was the entirely unsuspected possession bv 
paba of a capacity to neutralize the lethal property of ma.ssive doses of car 
barsone. This deduction was amply confirmed by further work not onlv with 
carbarsone, but also with such analogous pentavalent arsenicals as phenvlarsonic 
acid, arsanilic acid, acetai-sonc, etc.-^ Later it was found that paba also has the 
capacity to protect rats against the lethal action of pentavalent phenvl stibomfes 
as exemplified by the German proprietory drug, stibosan 

With a view to elucidating the mechanism underlying detoxication t.v „ i 
a large series of experiments were carried out It u-i« f t* i 


•l-roni tlif I„iUy Kc5»*arrh L-ibonitorieF. 

for puhliciilion, July y, 1940. 
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protect the lives of rats afiainst several pentavaleiU arsonieals quantities 
which considerably exceed their so-called '‘universal lethal dose'’ or L.D.,ooi 
e.g., 1500 ing. per kilogram of earbarsono, 450 mg. per IciiograTn of ansanilic 
acid, etc. 

Of si)ecial interest and jmssibly of theoretical significance in connection with 
the mechanism of the detoxicating action was the finding that, whereas maximum 
beneficial effect is achieved when ])aba is injected simultaneously with, or even 
some time prior io the arsenical, when ])aba is introduced snhacqncni to the 
arsenical, its value is reduced almost in direct jiroiiortion to the interval that 
elapses.® 

Unfettered by any theory as to the biochemical mechanism of the detoxi- 
cating process, our attention was directed early in the course of these investiga- 
tions to determining broadly the jmlcntialities and limitations of jiaba in con- 
junction with an array of other anscnical ami anlimonial compounds. Numer- 
ous experiments have been carried out with inorganic and organic ai-senieals as 
represented by sodium arsenite, sodium cacodylatc, maphar.scn. arsphenaminc, 
and neoarsphenamine, and the organic Irivalent anlimonial, tartar emetic. 
While paba was always used in substantial (piantities as a detoxicant with tiie 
above-mentioned toxic substances, only in conjunction with neoai-siilienamine 
were we able to obtain what seems to be unetpiivocal evidence of its (sqiacity to 
interfere .substantially with the lethal efTect of large doses of the drug. 

In view of the importance of neoarsphenamine in tiie treatment of syphilis, 
it is hoped that the publication of our experimental findings in this journal may 
be of intcre.st. 


KXi’KaiM KNTAi. I'lioeian ■nr. 

Technically much greater difficulty is encountered in demonstrating clear- 
cut detoxication of neoai-sphenamine than is to be exiicricnccd in proving de- 
toxication against such drugs as carbarsonc. This difficulty arises from the faet 
that, in contrast with the chemical juirity of the i)entava1ent ar.scnical.s and the 
crystalloidal nature of their aciueous solution.s, the trivalent ai-senobenzene com- 
pounds, such as arsphenaminc and neoarsphenamine, are ))hysieochemieal com- 
plexes which are difficult to prepare in the state of purity indicated by their 
theoretical formulas. The toxicity ratitig and therapeutic efficacy of different 
lots of these compounds can only be established by biological assays. Because 
of the variation inherent in individual animals, this ])rocedurc, besides being 
expensive in terms of time, involves large numbers of animals, staTidardized so 
far as feasible by breeding, sex, age, and weight. The results of assays usually 
require the application of .statistical methods for their correct interpi-ctation.' 
However, even when tests with a homogeneous population of i-ats are jierformed 
with exacting attention to detail (e.g., in special air-conditioned rooms), nol)U- 
lous and uncontrollable metcorologic factoi-s seem to influence the mortality 
rates.® At best, the results obtained from such toxicity a.ssays are to be intei- 
preted as relative (to a standai'd) and can validly be ])re.scntod only in terms 
of the median lethal dose (L.D.jo)-'’’ 

The demonstration of the possession by any substance of a detoxicating 
action against neoarsphenamine must necessarily involve the same principles of 
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procedure, unless the detoxicating action is of such a high order that notwitli- 
standing advei-se conditions attending the assays, tlie results of protection tests 
are so obvious that statistical “booby traps” do not represent a hazard to their 
interpretation. 

Largely as a consetiuence of prevailing conditions of supply as Avell as of 
other fortuitous cireumstanees, tlie experiments the re.sults of Avhieh are recorded 
below Avere conducted with rats of a very heterogeneous assortment obtained 
through several animal dealers. Three lots of neoarsphenamine were used, each 
of a difterent manufacturer's brand purchased on the open market. On testing, 
one of these lots, “C,” turned out to have a mitch higher toxicity for rats than 
did the other two. After ])reliminary toxicity tests with the paiiicular lot of 
arsenical, protection experiments involving from 5 to 20 rats with an approxi- 
mately ecpial number of unproteeted controls were usually set up on one or two 
dosage rates. The assays were often repeated at the same dose rate or, if need 
be, with higher or lower doses of neoarsphenamine. 

Despite the several handicaps to uniformity of results, it has been our ex- 
perience that the outcome of a protection experiment w'as not essentially differ- 
ent, whether the assay was performed with the conventional young male 100- 
gi'am rats, of highly inbred strain and starved the night before testing, or 
whether we utilized the more readily available “mongrel” rats weighing up to 
175 grams. The only precaution we have observed was to see that the drug was 
administered in quantities proportional to the rat's weight and to match rats 
of A'arious weights equally between “treated'’ and “control” groups. 

Obrfously in order to secure meaningful data with a limited number of 


rats, it is necessaiy that the outcome of a protection experiment .should show a 
significantly higher mortality rate in the control series than in the protected 
group. This calls for a rather nicely adjusted neoarsphenamine dosage ap- 
proaching the maximum tolerance level. To go appreciably beyond this point, 
as we have on several occasions learned to our consternation, may lead to the 
death of all or nearly all of the animals, both “protected'' and “controls.'’ 


Another difficulty that can arise is characterized by the death of a large pro- 
portion of rats AA-ithin a very few hours or ewen minutes of injection. This 
may happen irrespective of the dosage of arsenical and any protectiA-e'treatment 
that may have been attempted. Agonal symptoms in such cases are referable 
to an acute vascular disturbance. Deaths of this order ai'c clearlv distinouish- 
able from the normal, truly toxicologic fatalities tliat develop in from one to 
three or more days folloAAung injection. Wright et al.” found that the colloidal 
{in contradiction to crystalloidal ) fraction of .solutions of neoansphenamine was 
responsible for the so-called immediate to.xic reactions in 85 per cent of their 
rats that suffered precipitate deaths from respiratory failure. In some respects 
deaths of this type (wliich are, apparently, beyond the protective control of 
paba) re.semble the -nitritoid crisis'’ or acute vasopai-etie reaction an ever 
present clement of nsk in the ai-senie treatment of SAqAlnh's Rather 1 
the course of our investigations we found that the incidence’ of deaths 
immediate type Avith the resultant Avastc of material and effort eentrt'n 
mderably reduced by employing subcutaneous injection in lieu of ihr'' 
intravenous (caudal or sapbenous vein) route of introdnein- the dr.m 
The freshly prepared aqueous solution in 2 to 5 vev cen/ f - 

o pei cent concentration is 
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iiijcetcd oitlier shmillaneoiisly whli, or not inon; tlian liftocn niimiles al'ler, 
the admin istnitioii of a fresli 10 per cent aqueous solution of llie sodium salt of 
])-aminobenzoic acid. Our rats have hecn JKfeoinniodated in largo eommiuial 
cages, provided with ordinary commercial “chow,” and kept luider observa- 
tion for at least ten full days before termination of the test. 

Taiii.i: I 

Cor.i.ATiai Jtr.sKi.T.s or ExI■J:la^[r..s•■r.s 

Pr.OTKcrrivE Acrrios or p-AMiNOiirszoic Acii) ON' Pats Jtrmvi.vo Massivi; Poses or 

KrOAKSi’iirN'AJn.vi: 
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141 grams respectively witliout ever having been greatly indisposed by their 
arsenical medication. It is interesting to note in this connection that in our 
series of experiments the protective capacity of paba received its most rigorous 
test and appears to be most unequivocally demonstrated AA'hen a batch of neo- 
arsphenamine (Brand C) of higher than usual toxicity was employed. 



Fis. 1. 


The clinical implication of the discovery that in rats paba has definite 
detoxicating value in conjunction with neoai-sphenainine is difficult to cviIu-Up 
without a critical trial. The subject is of sufficient importance to w-irrau< 
more extended consideration of its tiieorctical aspects than nm * ^ 

It p„l,n i. to cxcioc proloelK-o iX,, : , 

With ncoarsphenaminc. the question of its possible inferference"vitT 
treponemicidal activity will determine its clinical usefulness. In tlds conne'f ' 
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the I'aet that in numerous exi)eriments ])erforine(i hy ns Avitli Tnjpmimmn 
cquipcrdum ])aha in relatively large <|nanlities was not found to dimiiiisii the 
parasitieidal value of neoarsplienamine may he of itifeivnlial significanee.® This 
is to ho contrasted with the experienee of Durel.’" who fouiiil that while solu- 
tion of novarsenohen/.ol (^neoars]d\enaminel in ascorhie acid ai)i)eared to re- 
duce the toxicity of the arsenical in mice, the death rale from Tri/pani/somn 
brncci following treatment with a uniform dose of novai'senohilhm was directly 
])roi)ortional to the amount of ascorhie acid cout.aiiK'd in tin* mixture.i Loss 
of therapeutic efficacy with high doses of vitamin (’ in conjunctioji with arseno- 
thera]iy has also heen sugi'csled in clinic.al ohservations hy f'ormia.” 



PlR. 2, — riiotosraiili of nits tro.-itcd witli 17.'. iiiir. i»r kc- n.oi'iisi>lii'tmiiilr)<>. Ufit 2 Is 
the solo survivor of S ninlrol.s (.“co to.\t). Huts I iiml ?. mo tyelrul of tin' ir. .aurvivor.s out of 
20 nnlmals that receivoil n sliiiultnnvous inji'otlou of ji-mninohi nznU’ .•irhl. 

It should not he necessary to remark that a great chasm separates experience 
acquired with animals in tlu' exiierimontal laboratory from that which may he 
ex]ierienecd in the clinic. Differences in the results obtained sometimes reflect 
fundamental differences in the metabolic ])roccsscs of the animal species as re- 
tlcctcd in their methods of disjiosing of certain chemical .suhstance.s. c.g.. benzoic 
acid. Frequently, however, the diiTercnccs may he ascribed to the lack of 
parallelism between the conditions governing the laboratory experiment and 
those which arc feasible when dealing with human lives. In advance it nuiy be 
well to remark that in rat experiments the evidence of “iiaba'’ detoxication is 
best brought out by using doses of ncoar.s))henamine of a magnitude that has 
no parallel in the clinic unless it be in conjunction with the intensive arseno- 
therapy of syphilis. No evidence has been disclosed that would warrant the 
assumption that paba can act as an effective antidote jigainst a toxic condition 
induced by the prinv administration of ar.seni(*als or that the concomitant ad- 
ministration of paba will eliminate tlie danger of the ‘‘nitritoid crisis" or 
counteract an "aerpured .scnsitivenc.ss” to arscnicals. 


SUMMARY 


Frocceding from a knowledge of the capacity of p-aminobenzoie acid to 
protect rats against the ‘‘certain lethal dose” (L.l)., 


of various pentavalcnt 


^ Inference is strenfrthencil by the Incidental observation of OsprootV- who succinctly 

1 otY^iTinhonzolc acid does not interfere with the action of ncoarspiicnandno as it does 
nfe artlo^of the ‘iruss of the sulfunilanude proup.” 

"“v it mav he recorcled that In fcvoiivI pniallcl experiments we lisive not found 

ascorhic'ncid to have detoxicating: power comparable witlr tluU of paba. 
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ai'senical and antinionial compounds, a large series of experiments have been 
performed to determine tlic scope of paba protection in conjunction with several 
trivalent arsenical and antinionial drugs. 

It appears that paha has no detoxicating capacity against inorganic 
arsenous acid : the arsenoxide mapharsen : the arsenolienzene arsphenamine ; 
or the trivalent organic antinionial tartar emetic. 

Against neoarsphenamine. protection experiments with a large series of 
unselected rats are reported in this paper. The results show a A'eiy substantial 
reduction in the mortality rate without a concomitant inhibition of its para- 
siticidal potency as measured liy its effect on trypanosomiasis in the rat. 

Tlie clinical implication of these findings, especially in connection with the 
intensive treatment of syphilis, ivarrant further im-estigation. 
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CLINICAL CHEMISTRY 


ABSORPTION, EXCRETION, AND DISTRIBUTION OU SUI/KA- 
METIIAZINE (2-SULFANILAM]DO-I-(i-DLMETlIYL- 
PYRTI^IiDINE) IN MAN'' 


John K. Clauk. ]M.D., Fuan'kmn D. Mritruv, M.D.. and 
Uahkison F. Fiai'imn'. M.D.. PiniiAi)i:iAMiiA. Pa. 


T here has been a marked improvtjnoul in the tlicriipcutic efileacy and lark 
of toxicity in the serie.s of sulfoinunidc.s tliat has been iiitraducod for clinical 
use since snlfanilamidc. Amoiifr the more rcccait of these comj)oniuls, snlfa- 
merazine (2-s\ilfnnilnmido-4-ineliiyl-pyriinidinei and snlfamctimzine (2- snlfa- 
nilamido-4-G-dimet1iy]-pyrimidine) liavo Avarranted clinical trial because of their 
tliei’apeutic cffectivenes.s a"ainsl various ex]mri)ucnlal infectious and the rela- 
tively high solubility of their aeetylatcd forms. 

Since the intolligeni use of these drugs re<iuives an nnder.standing of their 
behavior Avhen administered to man, Ave ha\-e investigated their fate in a grouj) 
of patients. In a recent paper,' avc revicAA-ed tlic e.\j)erimental data jAcrtaiuiug 
to siilfamerazinc and pre.scntc<l obsen-atious dealing Avith its behavior in man; 
this sugge.sted that .sulfamerazine is pharmacologically satisfactory. At this 
time Ave ai’O reporting tiie results of a similar study on .suli'amothazinet and 
have made a comparison of the tAVo drugs on the basis of their al)sori)tion. ex- 
cretion, and distrilnition in human beings. 

Sulfamethazine (2-sulfanilamido, 4-G-dimcthyl-pyrimidino). described by 
several gi-oups of investigators,-'-^ is a dimethyl homologue of sulfadiazine. The 
therapeutic effectiveness of sulfamothazinc against ex]Aorin\cntal infection has 
been inA-estigated by Rase, Martin, and BcA-au^ and found to be highly actiA-e 
against pneumococcal and streptococcal infections in mice. Pharmacologic 
studies, both in mice and human beings,-' indicate that the drug is freely and 
rapidly absorbed froirr the gastrointestinal tract and it is stated to be sloAvly 
eliminated from the blood stream. Furthermore, it Avas suggested that, because 
of its high solubility, sulfamethazine is unlikely to cause renal damage.-* Pre- 
liminary clinical trials AA-ith the eompoAmd have shoAvn that it is highly effective 
in pneumococcal, meningococcal, and gonococcal infections and is less toxic than 
is sulfapyi-idine.'’ " 

The methods used in this investigation Avere the same as those employed 
in the sulfamerazine study 

•Prom me Department oC Slediclne and the AA'llllam Pepper Laboratorj' oC tlie Hospital 
of the University of Penn.sylvania. 

This work Avas aWetl by a prant from the Sharp and Dohme I^aboratorics, Glenolden, Pa. 
Received for pubUcalion. duly 13, ISAS. 

tThe sulfamethazine used in tliis .study was .supplied ii.s by Sliarp and Dolnne Laboratories, 
Glenolden, Pa. 
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A. Absorplion . — 

1. Single Oral Dose.— Nine patients (Nos. 1 to 9, Table I) Avere ^h-eu a 
single 3 Gm. dose of the drug. At the end of 2 hours the average concentration 
of free sulfamethazine in tlie seram Avas 11.1 mg. per 100 c.c., and, after 4 hours, 
the average concentration reached a peak of 12.0 mg. per 100 c.c. There- 
after, the level began to fall, and at the end of 12 and 24 hours it aA'eraged 
6.1 and 2.2 mg. per 100 c.c. respectiA-ely. Acetj-lation of the drug A-ai-ied. At 
the end of 6 houi-s an aA'erage of 21.6 per cent of the total drug Avas in the 
acetylated fonn ; at 12 hours, 37.1 per cent, and after 24 houiAS, 48.8 per cent. 

2. Single Intravenous Dose.— Tavo patients (Nos. 10 and 11, Table I) Avere 
each given 3 Gm. of sulfamethazine sodium in 5 per cent solution in sterile dis- 
tilled AA-ater intravenously. Within one-half hour the average leA*el of free 
drug Avas 15.3 mg. per 100 c.c. ; in 2 hours the concentration aA'eraged 11.4 mg. ; 
after 4 hours, 9.5 mg. ; and, at the end of 24 houi-s, 1.9 mg. per 100 c.c. 

3. Single Subcutaneous Dose. — Taa'o patients (Nos. 12 and 13, Table I) 
Avere each given 3 Gm. of sulfamethazine sodium, 0.5 per cent concentration in 
0.85 per cent sodium chloride solution, subcutaneously. The aA'erage concentra- 
tion of free drug reached a peak of 8.5 mg. per 100 c.c. at 2 hours, Avithin 4 
hours the leA'el Avas 7.1 mg., after 6 houre, 5.9 mg., and at the end of 24 hour.s, 
0.5 mg. per 100 c.c. Acetylation of the drug after parenteral admini-stration 
verj- closely paralleled that found Avith oral administration. 

4. Multiple Dosage. — TAvelve patients, suffering from several disease.s, in- 
cluding pneumococcal pneumonia, meningococcal septicemia, puerperal sepsis, 
postoperative pnetunonia, Avere treated Avith sulfamethazine for A'avA’ing periods 
of time and Avith different dosage schedules. In general, they Avere given 
2 to 4 6m. by mouth, folloAA'ed by 1 Gm. every 4 to 6 hours. Serum levels 
varied Aridely from 1.0 to 23.0 mg. per 100 c.c. of the free drug Avith an average 
acetj'lation of 38.3 per cent (range 0.8 to 83.5 per cent). While serum con- 
centrations of sulfamethazine varied greatly from person to pei-son, they Avere 
constant for the same indiA'idual. 


D. Excretion . — 

Urinarj' excretion of the drug Avas mea.sured .(Table I). After the oral 
administration of a single 3 Gm. dose, from 17.1 to 55 per cent (averao-e 40 1 
per cent) Avas recovered in the first 12 lioui-s; by the end of 24 lioui-s from 

40.8 to 90 per cent (aA'erage 71.8 per cent) had been excreted, and, at the end 
of 48 hours from 67.6 to 98.8 per cent (average 86.2 per cent) of the ingested 
drag Avas recovered from the urine. During tlie first 24 hours an avera^-e of 

70.9 per cent of the excreted drag Avas in the acetylated form, and after 48 
hours, 77.3 per cent Avas acetylated drug. Similar results Avere obtained Avhen 
the drug Avas gh'en parenterally (Table I). 


('. Distribution . — 

1. Cerebrospinal Fluid.— Foxiv patients (Nos. 14. 15. 16 and 17 Table TTA 
Averc g,yen the drug by mouth and cerebrospinal fluid and blood specimens 
Avere obtained at varA'ing interval.,. Six hours after the administration of •> oT 
of sulfamethazine, the ratio of the cerebrospinal fluid level of free dru- to tl t 
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in tlie serum Avas 0.04 (No. 14). After 12 lioui-s, folloAvinfr a similar ilosc of 
the diaxg, the ratio Avas 0.58 ,(No. 15). Tavo patients Avere given multiple closes 
of sulfamethazine, and after 24 Itours (Xo. IG) and 11 claA-s (No. 17) the 
ratios Averc 0.33 and 0.2!) respeotiA’oly. 

2. Pleural and Ascitic Fluid . — In three piiticnts (Nos. 18, 10, and 20, 
Table II) aa’Iio received sulfamethazine idoural or aseifie fluid and blood samples 
Avere taken at varying intervals, llatios of O.SG and 0,53 Averc obtained in 
idenral tlnid 12 hours (No. 18) and 4 days (No. 10) following 3 and 20 Gm. of 
the drug rospoetively. In one ]>atiout (No. 20). after 20 Gm. of the drug, the 
ratio of 0.51 in aseitie fluid Avas ol)tained. 

3. EriithrocyUs. — Simultaneous determinations of sulfancethazino e.cmeou- 
tration in scrum and Avhole blood Avere performed in a single patient .(Tal)lo 
111). The rc.sults in this instanecr shoAv that llie drug penetrates the red blood 
cells. 

I'lg./WOcc 



Fic. 1. — Coiiipto'i.«on of averaBC Fcrum concentrations! ntstalneil in 9 subjects! recoivinK 
3 Gm. oC fulfamethazine witli tbosse obtaincO In S .subjects rccoivinc a similar amount of sulfa- 
mcrazine. In oacli curve tlic lower line inaicates free clrug anti ti\e upper line, totsil tlruR. 

DISCUSSION 

Comparison of these data on sulfamethazine Avith recent studies in this 
laboratoi’y on sulfamerazine' indicates tliat the tAvo drugs are absorbed from 
the gastrointestinal tract AA'ith equal rapidity (Pig. 1). The rate of excretion of 
both free and acetyl-sulfamethazine is greater than that found AA-itli snlfa- 
inerazine and its acetyl derivative (Pig. 2). Tlie tAvo drugs diffiise readily into 
various body tissues and tissue fluids. In vicAV of the greater solubility of 
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Table II 


Free Suleametiiazine Con'cen-tkatiox in' Various Body Fluids 


BODY FLUID 

NO. 

PATIKNT 

IIOUF^S 

AFTEH 

INITIAL 

LOSE 

NO, 

OF 

no.sEs 

TOTAL 

DOSE 

(OM.) 

•SEBUM 

(MG. 

PER 

100 

C.C.) 

BODY 

FLUID 

(ilG. 

PEP. 

100 

C.C.) 

CONCEN- 

TRATION- 

RATIO 

(BODY 

FLUID/ 

SERUM) 

Cerebrospinal 

Fluid 

14 

E. G. 

6 

1 

•i 

7.5 

0..3 

0.04 


15 

R. S. 

12 

1 

o 

1.9 

1.1 

0.5S 


16 

M. B. 

24 

4 

7 

9.5 

3.1 

0.33 

Pleural Fluid 

17 

AI. L. 

11 dav.s 

.09 

41 

21.9 

0.1 

0.-?9 

IS 

AY. B. 

12 

1 

o 

2.S 

2.4 

o.si; 

-Aseitie Fluid 

19 

B. S. 

4 dav.s 

IS 

20 

1?.A 

7.1 

0.53 

20 

B. S. 

4 days 

IS 

20 

1.1.4 

O.S 

0.51 


% 



-• — Comparison of avorase cumulative urinan- fTcrr-iir.r,=, • 

Ceivinc 3 Gm. of sulfamctlinzino with those obtained in's subieciS'r.”^/-^'"*'’^ ^ subjects re- 

of sulfamerazine. In each curve the lower line Indicalel Vrei^n.; and ' G^e^ 

““h .inn the upper line, total 

sulfamethazine, the ineiclenee of urinary complications mav be ti 
sulfamerazine. Because of its rapid excretion and l„Vd. acetylation TJ 
serum and urine, sulfamethazine appear to be less satisfactory' f ‘ 
pharmacolo-ric yiewpoint than sulfamerazine. The above r r ' ^ 

tvith those recently reported by Welch and his a.ssodates.^”’' l^'eepin- 
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DlSTlilUUTlOX OK HULFAMETltAZIKE HeTWEIIN' SEIIE.M ANI> liEIi Ul.OOK Cei,I,S 
SlTliKAMETIIAZl.VE CoNCENTUATIOX IN MO. I'K.ll 100 


NO. 

I'ATIKN’T 

PAY 

OK 

lutro 

WHOI.K in.OOp 

n:i:K totai. 

SKlir.N! 

VUKK TOTAI. 

er.i.i.s 

((•Ai.ei;i„\Tr,ii) 
Kl’.ttr, TOTAt, 

rACKKO 

er.i.t, 
vot.u.M r. 

(.7r) 

21 

M. L. 

11 

15.5 Ki.a 


(Ui 5.0 

40 


PUMMAIJV 

Data arc prosonted c-oiiet'niiii<r tlio ahsorpHon. exci-etion, and diKfribnIion 
of sulfainctliaziiio iii Imiiiaus. 'I'liey sluiw; (1) tliat. .suIfaiiK'Hiaziin.' is readily 
absorbed IVom tbc ^astroiidestiiial tract : (2) that it is rapidly excreted in the 
urine; and (3) it readily dilTnses into plenral. ascitic, and eerel)rosj)inal fluids 
and into the red blood cells. Comparison with the behavior of snifainerazine 
shows that hiprher blood concentrations are sustained lontrer with snifainerazine 
than after similar amounts of sulfamethazine. 
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STUDIES IN THE PHARMACOLOGY OP MERCURY 


III. Histochejiical Deiioxstr.vtiox axd Differextiatiox of jMetallic 
jMercury, j\[ercurou.s Mercury, axd Mercuric jMercury* 


W. C. Hand, B.S., B. B. Edward.s, B.S., axd E. R. C.aley, Ph.D.I 
New Bruxswick, N. J. 


M ercury and its comjiounds have been used for many years in the pre- 
vention and treatment of syphilis; yet a review of the literature discloses 
little material on methods for ohseiTin" the valency changes which may take 
place during and after the absorption of mercury and its derivatives from the 
skin and other depots of administration. The development and utilization of 
differential methods for demonstrating mercury in the organs of the body should 
serve to extend our knowledge of the pharmacology of this element and perhaps 
lead ultimately to more efficacious clinical preparations. In this paper we pre- 
sent some new histoehemical metliods together with a review and exten.sion of 
certain older ones. 


chemical coxsideratioxs 

General . — It is self-evident that a histoehemical reagent sliould react in a 
characteristic manner with the substance to he detected. As Chri.steller' 
points out, this is ea.sy in the case of iron, since there are a number of 
I)i'illiant-hued specific chemical reactions. In spot te.sts- mercurv likewise 
gives fairly specific color reactions with such reagents as diplienylcarbazide and 
dithizone. Our experiments with the above reagents on sections known to con- 
tain mercury compounds were disappointing. The color was either too faint or 
too evanescent. Precipitation with sulfides according to the procedures of 
Justus^ and of Almkvist^ also gave inconclusive results. The particle .size of 
mercury .sulfides formed in tissues may be e.xtrcmely small, so that it is difficult 
to differentiate them from hemosiderin and other pigments. The use of iodine 
and iodide proved fruitless, as previously noted by Christcller becau.se the en- 
tire section is stained. We ultimately confirmed the conclusion prcviou.slv 
reached by Lombardo-’ and by Cliri.stcller that the reduction of mercun- in the 

tissues to the metallic form is the simple.st and most reliable histoehemical 
procedure. 

Metallic .l/crci/r;/.— As has been pointed out by Zwick''- and bv Emich • tl 
microscopic appearance of finely divided mercury is hishlv characteifstic ’ Th^ ' 
particles arc spherical, black, and non refract ile. When snff,V.in„H i ‘ ^ 

in.a.c „t .1,0 ,cn, „,,oc,ivo i, „noc,ed .hoi,- 

a eoniparatively undisturbed inner zone may be available for inspeetimr^'" 
^viek demonstrated that metallic mercury is present in thr.:uh::ua„,,,, 

■ - -- — A. ISCenl. K,.., 


^ Studies In til 
1-Mo. Part il. In pn*«« 


<C.,mrll,uilon of Wnltoc- I„-,l>onitorioy Inc. V.-..- t, 

I. 'reive. 1 foe putillriition. .lut-'j.-t .'i. IJi; ’ ' " Erun.' 
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tissues afler inunction of the element, in a salve vehicle. We have confirmed 
this observation. He i)oinled out that the <rIohulc.s react with componenf.s of ti.s- 
sue fluids and lose their spherical shape. Aecordinii to (jhrist oiler, they dis.solve 
completely in tincture of iodine and this ehnractcrislie reaction may be observed 
under the microscope. We have olrserved further that solutions of ehlorauric 
acid react with the minute sj)herc.s, causing at first a loss of gloss and a roughen- 
ing of surface; this is followed by a gradual disintegration of tlie .splu'res as the 
gold amalgam forms. These changes were observed microscopically in .sections 
of tissue. The above-mentioned ebaraeteristie microscopic appearance and 
microchemical behavior ])crmil ]>ositivc identification of the metal. 

Mercurous Mercury. — Comimunds containing mercurous mercury are usu- 
ally colorless. lilost mercurous salts, for example, liie acet/ite, conibifie or mix 
with blood and other protein systems witiiout the formation of ojm(jue or 
colored bodies. For histoclicmical purjmscs. it is accordingly necessary to 
render the compounds visible. This can be done, even in the ])r('sence of mer- 
curic mercury, by employing a reagent with a selective reducing action, so that 
only the mercurous mei'cury is reduced to the metal. Thioglycoliie acid exhibits 
this differential selective reducing effect. In lest tube cx]ieriments calomel is 
reduced immediately. Under the mieroseo])e, a sus])cnsiou of calomel crystals 
is transformed almost instantaneously to a dispersion of metallic globules, when 
a drop of thioglycoliie acid is introduced under the cover slij). 

Slercuric salts arc not so reduced. They react with Ihioglycollie acid lo 
form compounds which aiipcar as colorless to yellow crystals. We have not at- 
tempted to detennine tlic ])reci.sc nature of these compounds as they are fonnd 
in histoehemieal reactions. It has been rci)ortC(l. however, by Ulacsson'* that 
mercuric compounds react with thioglycoliie acid to form either moreurithio- 
glycollic acid (Hg(S.CnjC001I]i) or mcreurie thioglycollatc tllgfS.ClI;- 
COOjslIg), according to conditions. It is likely, that in the hi.stoehemicnl 
testing where an excess of reagent is nonnally j)resenl only tiie first of tiie.se 
two compounds is formed in apprecial)lc amount. The presence of crystals of 
mercurithioglycollie acid docs not interfere with the histoehemieal interpretation 
of the sections. Although the a])pearance of tiie crystals is rather eharncteris- 
tic, we do not recommend that they be regarded as an index of the mercuric 
mercury present. This reservation is based on the fact that they may dissolve 
and reciystallize at a point remote from the original site of the mereuric com- 
pound. 

Tissue sections whicli contain mercurous mercury exliihil a prom])t forma- 
tion of mercury when a thioglycoliie acid solution is introduced under tlic cover 
slip. The gradual formation of those globules can he followed visually. Should 
mercuric mercury also be present in appreciable amount, characteristic yellow- 
ish crystals begin to form after about five minutes. 

Mercuric 3Icrcwif . — It was established by Lombardo and confirmed by 
Christeller that mercuiy is precipitated from ti.ssues by stannous chloride 
solutions. This is a well-known chemical phenomenon' whicli can he demon- 
strated readily in the test tube. Stannous chloride solutions reduce both mer- 
curous and mercuric salts (including the thioglycoliie acid mercury salts) to 
free mercury. It is thus possible, first, to examine a section for free mercury, 
then to detect the mercurous mercury with thioglycoliie acid, and, finally, to 
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detect the remaining mercuric mercury with stannous chloride. In actual prac- 
tice, however, we prefer to treat three separate serial sections with the several 
reagents as described below. Sodium stannite solutions also are effective, but 
they macerate the tissue. 

SUITABLE REAGENTS 

General . — The reagents used in the.se studies were developed by a process 
of trial and error. It is not claimed, nor maintained, that they represent the 
best possible embodiment of the reducing agents. They have been tested, how- 
ever, on thousands of sections from more than fifty animals including rabbits, 
guinea pigs and mice, with satisfactory results. In general, no countei’stains 
have been employed. In our experience eounterstains tend to di.splace the 
mercury globules. 

Metallic Mercury . — As has been noted elsewhere, it is not neeessaiy to use a 
reagent to demonstrate the presence of free mercury. Ina.smuch as this work 
has been done almost exclusively with frozen sections, however, a clearing 
agent is employed. Its formula is as follows : 

Formula 1: Tartaric acid .5 Ctm. 

Glycerin 100 millilitei-s 

Preparation: Add the acid to the glycerin and agitate. 

The crystals will dissolve overnight. 

The above solution removes hemosiderin deposits and provides sections 
which exhibit adequate cellular detail without eountenstaining. 

As a confirmatoiy test to dissolve the merciuy, official tincture of iodine may 
be used. 

Formula II : Iodine 70 Gm. 

Potassium Iodide .50 Gm. 

Distilled Water 50 Gm. 

Ethyl Alcohol, 9.5 per cent To make 1000 milliliters 

Preparation: Dissolve potassium iodide in the watei', add the iodine 

and agitate until .solution is effected. Then add suf- 
ficient alcohol to make 1000 milliliters and mix 
thoroughly. 

The gold amalgam reaction is .sometimes useful in fre.sh frozen sections of 
the skin because it does not stain initially as intensely as does iodine. This te.st 
IS occasionally useful when confu.sion is experienced with .skin pigments. 

Formula III: Chlorauric acid 1 gram 

Distilled water 99 milliliters 

Preparation : Dissolve the chlorauric acid in the distilled water 

in the cold with .stirring. This reagent should 
he stored in a dark bottle. 

Mercurous Mercury.— The followimr solution of thioglycoilic acid has been 
found satisfactory ; 

Formula IV: Thioglycoilic acid ] milliliter 

Glycerin 9 milliliters 

The above are completely miscible. 


Preparaixon: 
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Mercuric Mcrcurn. — Slaniioiis clilorido rcaf'ciit (if the following coiapo- 
sition may be stabilized by adding a few grams of metallie tin to the final solu- 
tion which should be kept in a well-stoppered bottle. 

FarmuUi V.- Stannous chloride o (I'ln. 

Tartaric acid 5 (im. 

(ilyeerin 10(1 milliliters 

J’rcpiiridiun ; Combine and heal until the solution is clear. 

in.sToi.ocur TKCMNiqri: 

Throughout this .study, every attempt was made to avoid arlefaetuai 
changes in the tissues. The extended fixation of tissue advocated by Christcller 
and bombardo may result, as the former author noted, in a leaching end of nier- 
eiuy compounds. Also, the ininiersion of whole sections permits diffusion of 
mercury eomiiounds within the siieeimen with tlie resultant introduction of un- 
jiredietable inaccuracies in the final reading.s. Kurtbermore, the usual liistologie 
fixations may similarly contribute an unknown arlefaetuiil change in the siieei- 
mens. As a matter of fact, Christeller observed that formalin and alcohol de- 
creased bis yield. In work with frozen sections of material iireviously fixed 
in alcohol or formalin, we noted, histoebemieally. that our reagents usually pro- 
duced a iirceipitafe on the exposed .surface of tiie sections only. For tlie.se 
rca.sons and in the interests of more rajiiil work, unfixed frozen .sei-tions were 
employed in our cx]H>riments. 

In our .standard iiraetiee the sections are taken immediately after sacrificing 
the animals, because experience showed a loss of clarity in cellular detail if the 
.specimens were left at room temperature more than thirty niinntes after death. 
It is believed that the small interval between sacrifice of the animal and com- 
pletion of the finished section contributed in no .small measure to the rei»roduei- 
bility of the findings. 

The ])rocedure is the same with Reagents J. IV. and V. The fresh .section 
is jilaced on the freezing microtome over a pieci' of ilamj) ti.ssue paper wliich 
aids in the adhemiee of the specimen. Sections of about 15 microns are then 
cut, placed on a clean slide by means of a brusli, and left uncovered until dry. 
Thi.s is necessary in case of Reagent V, to avoid iireeiiiitating stannous hydrox- 
ide. When dry. one drop ot the reagent is added, a cover sli]i is jilaced over if, 
and the excess of the reagent blotted away. Then the edges of the cover slip arc 
sealed with commercial gold size.*= It is imperative tlint the cover .slijis be well 
scaled because ol the jironounced humeetant and creeping ])ro])erties of the 
glycerin. The entire sectioning, mounting, and testing with reagent can be 
finished within ten minutes. The reagents act ]iromptly and the slides arc ready 
for reading ten minutes after they are made. .Slides jirejiared with Reagent I, 
which is routinely used as a control, as well as those prejiared with Reagent V, 
usually remain unchanged for at, least two weeks. 

It, may be noted here that tissue sections which contaiji both mercurous and 
mercuric ions can give a misleading impression if they are read too long after 
•the applicfdio'^ of the thioglycollie acid reagent ( IV) . The rea.son for this is that 
free mercury will react with mercuric mercury in a eomidex oxidatiou-rcduelion 
^ ~"^ommei-cial gold size Is the type oC adhesive used for applying gold foil to plate glass. 



1839 


HAND KT AL. : 


STUDIICS IN' IMIAnMACOI.OGY OF MFIICUKY 


svstom. AMiticd free mercury i» liLcratcd elnriug ‘l’“ f 

rLToSirihfpfcse^^ of submiemscopic ^oan^ics 

onrons mercury in a tissue known to contain mercuric ions. Jt thcic has hccn 
anv meruu^ion present it will haye manifcstc.l itself as mercury at ter several 
cla’vs because of the reaction described above. Under 

we recommend that slides treated with reagent IV be photogiaiihcd oi icad 
within a few hours. 



In general, extreme precaution should be taken to .n.siire the freedom from 
mereuiA' of all equipment. The microtome knife in particular, should be in- 
spected frequentlv for adherent merciiiy. Dusls are .sometime-s tronbh-ome, 
unless sections are kept covered whenever pi-acticable. It is more consematne 
practice to withhold a i.ositive identification of mercury unless at lea.st some of 
the spheres can be seen %vithin the substance of the section, or unless rnicrocherni- 

cal proof is undertaken. 


TVI’IC.M. FINDINO.S 

MfUallic .Vcrcuri/.— In our experiments, metallic mercury seldom occun-ed 
free in the body tissues. We have confirrnefl Zwick's obseiwation that it may 
he seen in the subcutis followin" y)ercutaneous inunction. As he lujted. the 
jrlobules gradually lose their gloss and hccorrir- rouirhened as -though in ifrocffs--; 
of chemical change. In in vitro exF>criments we noticed that a similar ph<-nom- 
enon takes place. When mercury is [daced in physiolocric saline, the droidets 
gradually lose their .shininess. •rrayish film appeai-s. Calomel forms and the 
solution becomes alkaline. It ap[>eai-s probable that the tendency of rnercurj- 
1o rcaet with components of the circulatinir fluids is res[)on.sib!e for the afiparent 
failure to appear in the organs in metallic form. 
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AVo liavc fudlip.r poniivmod Zwick's lindiiisj tliiil, iiiorpury globules arc 
easily displaced during sectioning. AVe know of no certain remedy for this, 
but Avc repeat the suggestion that thick sections (lb microns) la; used. Zwiek 
thought to minimi'/.e the error, or at least to hnvi' it operate in his favor, by sec- 
tioning from Avitliin out. To this may be added the ])rccaution of lowering the 
section on the rcvci'se stroke of the inierotomc. so lliat the globules are not dis- 
placed backwards by the blade. 



Fijr- -• — ^Sc'clioii nf Icldnoy of n intravenously wHh inorrurous nc^tatc Piiowinp 

in<;rour>* Avithin tlu* lulmUM. 



Jdji;, Section of kidney of a niouFo injeclotl intravenously Avith mercuric acetate* showing 
mercury Avitliln the tuhuics and Intorstltially. 


Fig. 1 shows the appearance and di.stril)ution of metallic mercury in the 
skin twentv-l^our hours after inutielion from a vanishing cream veiiicie.'’ 

Mercurous Merenrij. — AA^ithin a few minnle.s after the intravenous injection 
of mercurous acetate in laboratory animals (rats, rabbits, guinea pigs), both 
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mercurous niercurv and niereurie mercury arc found in the parenchymal cells 
and endothelial cells of the kidney. The latter form is preponderant. Even 
plain whole blood appear.s to have the capacity to oxidize mercurous salts to the 
mercuric form in vitro with great ra])idity. We do not loiow what albuminates 
or complexes may form in the proce.ss, but the eAndence that oxidation has taken 
place is based on the specificity of the thioglyeollic acid I’caetion. It maj' be 
that subsequent metabolic or excretory processes ultimately lead to a reduction 
of valency, but the first effect is certainly one of oxidation. Fig. 2 .shows mer- 
curous mercury in the kidney of a mouse wliieh had been poisoned by mercurous 
acetate. 

Mercuric Mercury . — It was expected from tbc preceding obseiwations that 
the divalent derivatives of this metal would appear in the liver and kidney as 
mercuric mercury. This proved to be the case. Systematic hi.stochemieal ex- 
aminations have not been carried on over a long enongb period of time to per- 
mit comment as to po.ssible ultimate changes in valency of mercuric mercurv' in 
the body. Such a study might be of value in elucidating the questions of tox- 
icity and excretion. 

Fig. 3 shows the cliaraeteristie distribution of mercuric mercurv- in a mouse 
killed vv-ith mercuric acetate. 


SUMMARY 

Histochemical methods for the detennination of mercuiy have been reviewed 
and some modifications suggested. 

The use of thioglyeollic acid for the histochemical differentiation of mer- 
curous and mercuric mercurv- has been .sugge.sted and a method of procedure 
has been described. 

_ should like to thank Dr. S. VV-. Mr. Thomas Maron. Dr. Franz Herrmann, and 

or. Marion B, .Sulzberger for constructive critici.sm and comment. 
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A SBIPFiE :\IICKOMETRTC APPARATL’^^ FOR OETl'RnilXINO THE 
SEDDlENTATiON RATE OF THE ElfVTHROCYTE.S* 


•lui^iAX L. Rocatz. M.I)., Niav Voku, N. Y. 


S INCE Fahraeus fiivs} noted tlie siurnificanee of eryt limey tic sedimentation in 
blood plasma, in HHS, this apparently simple jihenomenon has been stud- 
ied with increasing interest. Its usefulness in determining the jircsenee or ab- 
sence of infection in tiie body has heen ami>!y verified, t.tnr jirescnt understand- 
ing of the erythrocytic sedimentation rate, it.s mechanism, behavior and .signifi- 
cance in various discase.s, has been admirably summarized by Cutler.’ 

Though the test has been generally accepted and is in constant daily use, 
there is no agreement as to a suitable apparatus for mea.suring the rate of 
settling of the red cells. Unwieldy arrangements with long tubes of wide bore, 
reciuiring comparatively large amount.s of blood drawn from a vein, have given 
way to simpler and more practical tlevices utilizing tubes, or even pipettc.s, with 
muoh narrower bores, requiring not more than a dro)i of blood easily drawn 
from the tip of a finger; this is a great advantage in pediatric iiractice, per- 
mitting serial tests ndth little or no complaint from young patients. 

There have been many of these micromethods, which have jirovcd rea.sonably 
accurate. The technique usually requires the mixing of blood and anticoagulant 
scpai-ately before ])lacing info the sedimentation pipette. In 193S I compared 
what seemed the simplest of the.se methods, that described by ymith in 1936," 
with the highly accurate Cutler macromethod and found it equally accuratc.“ 
Smith feels that in tubes of narrower boro than 2.5 mm. capillarity with its in- 
herent draAvbacks cannot be avoided. Thus his remains the only tube available 
ill Avhich capillarity docs iiot occur and in whieli the figAires can bo compared 
directly with a standard voniimncturc method. Though the merit of Smith’s 
method may not be denied and its technique is easily mastered, it presents cer- 
tain ob.iections which militate against its general use liy the lu-actitioner and 
which must be eliminated in the ideal apparatus. 

I referred at that time to the Landau modification of the early Linzenmeior- 
Rannert technique,^ which seemed to fulfill most of the requirements of an ideal 
test i e the drawing and mixing of blood and anticoagulant, and tiie sedimenta- 
tion of the cells took place in one pipette, thereby eliminating all unnecessary. 


^rom the Abraliani Jacobi Division tor Children of tiie Lenox Hill Hospital. Service 
of Dr. Jerome S. Leopold. iqjo 

Received for publication, Ma> 30. 1943. 
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intervening steps. Careful sealing of the tip of the pipette to prevent loss of the 
contained specimen in the vertical position seemed a problem. A capiUar}’ 
pipette, similar to that used for the counting of white cells, was used. The col- 
umn of blood was controlled by a “cheek sjuinge” device, which was fitted over 
the pipette and removed ])efore setting into the rack. The gadget seemed com- 
plicated and was not available in this countin’. 

During the past year, however, the Landau apparatus was manufactured 
locally,* and the “check .syringe,” on which the usefulne.ss of the method de- 
pends, Avas simplified into an “aspirator” consisting of a metal sereiv and collar, 
Avhich fits into a small piece of thick rubber tubing, the whole deA’ice being no 
more than tAVo inches long and one-half inch Avide. 

The utter simplicity of this apparatus, AA’hich cousists of only three parts, 
a pipette, an aspirator, and a rack, and permits of no further simplification of 
the sedimentation rate technique, impelled me to study its accuracy. I decided 
to use the proved Smith-Cutler tube as a control. Cases Avere taken at random 
as they entered the AA’ards, usually older children because of the cooperation 
necessary for the draAving of the someAA’hat larger amounts of blood required for 
both tests, performed simultaneously. The results of the study on 100 cases, 
comprising 200 tests and deemed adequate, are presented in the accompanying 
table (see Table I). 

^VPPAR-ATUS 

The Landau mierosedimentation apparatus (see Fig. 1) consists of: 

1. A capillary pipette 12.5 cm. long A\-ith a capillarA- bore 1 mm. in diameter, 
expanded into a bulb or mixing chamber 3 cm. from the upper end. IMarldngs 
are etched at 12.5 mm. and 62.5 mm. from the loA\-er tip, proA’iding for a column 
of blood 50 mm. long and 1 mm. A\ide. The inteiwening .space is graduated in 
millimeters. 

2. An “aspirator” consisting of a metal .scrcAv AA’ith a milled head and its 
collar, 3.5 cm. long, A\-hich fits snugly into a piece of thick rubber tubing 4.5 cm. 
long. AYlien scrcAvcd doAAm, the entire length of the aspirator is 5.5 cm. Turning 
the screAA’ in either direction controls the position of the column of blood in the 
pipette, OA’er AA'hich it is fastened. When the screAv is stationarA-, the column 
remains fixed. 

3. A metal rack of simple construction Avith a rubber-cushioned floor and 
an adjustable rubber-cushioned cap. A hidden spi-ing dcA-ice in the floor per- 
mits depression of the base and holds the pipette A’ertically and hermeticallv 
sealed. 

Control apparatus : the Smith micromethod described in a previous studv = 

PROCEDURE 

The upper end of the Landau pipette is fit into the rubber end of the 
aspirator, Avhich is screwed tightly doA\-n. Holding the pipette in the palm of 
the hand, daggerlike (see Fig. 2), .so that the thumb and the index finger con- 
trol the scrcAv, 5 per cent sodium citrate is draAvn up into the pipette bv re- 
volvi^ the sercAv, to the 12 mm. mark. A droplet of blood Is then draAAii from 

•By the Clay-.Vdams Co.. Inc., 41 East 23rd Street. New A’ork City. 
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Ihc pricked {inp:ev, os in a blood count, nnlii tiio column voociics tlic 02.5 mm. 
mark, nvoidiim' air bnblilos liy kccpinir tlic lip oi' llic ))ipcll(! in constant conlact 
with the blood as it is c.xprc.sscd. \Yi]>c the ti]) of llio pi))c.ttc clean to prevent 
later clotting of the blood at this point. The blood and citrate arc thoroughly 
mixed by drawing the column into the ampiila or chamber, stopj)inir the lower 
meniscus a few millimetei's below tbe ojteniii”: of the chamber to avoid air bub- 
bles. The column of blood is alternately depressed and raised, thus cmjitying 
and filling the chamber about seven tinie.s to insure proj)er mixing. Tiie coluimi 
i.s finally screwed down until the up!)er meniseiis reaches the mark .iust below 
the mixing chamber. The lower tij> of the ))ij>ette is pressed into the rubber tloor 
of the rack while disengaging the as])irator. Tlie U])poi' end of the pipette is 
l)laccd beneath the cap of tlu' rack, where it will be held snugly and vertically. 
After standing for one hour, the millimeter level to which the red cells have 
fallen is read. The drawing and mixing of blood prior to the beginning of sedi- 
mentation sliould not take more than thirty second.s. The pipette should be 
cleaned with alcohol and ether after use. 

The normal figures reported by Ijandan wc're 1 to fi mm. for men and chil- 
dren under two years; 1 to !• mm. for women and eliildren over two years; 10 
to 1.5 mm. were considered .«lightly inensised values; It! to fit) mm. moderatcl.v 
increased; over fiO mm. high. In general 1 think it snflieiently accurate to con- 
sider values under 10 mm. at the end of one lionr normal and those up to 15 mm. 
.slightly increased or ‘'high normal”' beyond which the rate has increasing sig- 
nificance. 

COM.MKN-r 

Rapid .sedimentation is dependent on the formation of red cells into large 
clumps or rouleaux, induced by alterations in the plasma, mainly an increa.se in 
fibrinogen, which results from the accumulation in the blood stream of certain 
products of tissue destruction during infeetions. certain intoxications, malig- 
nancy, etc. Culler thought this change in the phi.sma proteins plays its pre- 
dominant role in rouleaux formation, jirobably through suriace dehydration or 
change in water balance on the surface of tlie red cells. (Jlobulin, albumin, 
cholesterol, and electrolytes are involved to a le.sser extent. 

Smith contended that the influence of cajdllary exerted within the lumen of 
the narrow tube and the tendency to clot formation were inherent drawbacks 
in the pipette methods, but i\Iorri.son'' indicated that the length of llie tube used 
does not affect rouleaux formation, nor docs the diameter as long as the tube re- 
mains perpendicular. Acceleration of sedimentation in tubes deviating from the 
perpendicular is dependent on the relative increase in vortical jiathways or 
columns of falling cells. The smaller the diameter of the tube, tiie greater will 
be the relative increase in vertical pathwaj-s. Though Smith feels the capillarity 
present in tubes of le.ss than 2.5 mm. bore a disadvantage, this has not proved 
.sufficient in practice to materially alTect the accuracy of tlie pipette method. 
Clottin" of blood in pipettes happened but twice in this series and is therefore 
not a major ob,iection. 

The results obtained in this study correspond satisfactorily in all but four 
cases those numbered 37, 42, 75, and SI. In each of tliese the rate in the L.andau 
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pipette Avas avcU within normal limits while the Smith reading Avas slightly in- 
creased. Thus, in Case 37, tliere A\'as a tonsil IcctomA' in an apparently AA'ell 
child (the Smith I'cading A\'as lo mm. at the end of one hour AA'hile the Landau 
reading AA'as 7 mm,). In Case 75, tliat of a child AA'ith purulent otitis media, the 



I'iK. 1. — Showinc Landau inicrom^trlc .appar.atus for 



Smith iTmliii!- ot ir. mm. s.i-mwl more ,i,e c-linie.,] .slal,. |I„„ ,i„ 

^ .,r;; 

I aiunl SI, loeoA'cnng irom an acute lonvillitn- -j m 

Smith mcthoil was 17 mm, and nnly 7 mm. by the I’nndarinthhod!'''''''^'^’" ' ''' 
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Iji tlio roinainiiijr 96 cases the fip;urcs corrcHiioiulcd favorably. In sonic, 
the bifxb values were somcwliat hijilier in the Lniulau jiipetto, wliile in otlici-s 



Viir Showinc method of holding jdpolte with UMpimtor altnched as blood Is withdrawn 

^ *" from tip of a Anger. 

this was true o£ the Smith-Cutler tube. The variations, as high as 18 mm. in one 
case averaged 7 mm. in 33 patients in w!mm the higher value appeared in the 
Landau tube. In 18 cases the situation was reversed, the higher values appear- 
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nrAr.N'osis 


SMITH 

MIfKOMETRIC 

MM. 

I HR. 1 HR. 


XEM' I.AXDATJ 
MICROMETRir 
AIM. 

A HR. 1 HR. 


10 

9/ 1/42 

Tonsillectomy 

1 

O 

rj 

2 sharp 

4 .sharp 

8 

9/ 1/42 

Tonsillectomy 

1 

2 

2 .sharp 

3 .sharp 

9 

9/ 4/42 

Convalescent bronchitis 

8 

IG 

2 blurred 

25 sharp 

7 

9/ 4/42 

ConA-alc.scent "grip” 

13 

20 

7 blurred 

38 .sharp 

11 

9/ 5/42 

Acute sinusitis 

18 

24 

10 sharp 

25 sharp 

10 

9/ 5/42 

Convalescent pneumonia 

6 

16 

2 blurred 

26 sharp 

11 

9/13/42 

Melanoma ? of eve 

4 

9 

1 blurred 

4 sharp 

8 

9/13/42 

Post tonsillectomy 

10 

18 

2 blurred 

28 sharp 

9 

9/14/42 

Accessorv- scaphoids 

2 

4 

1 sliarp 

2 sbarj) 

8 

9/15/42 

Cleft palate 

2 

6 

2 sharp 

3 sharp . 

S 

9/15/42 

Convale.se. rheumatic fever 

1 

5 

1 sharj) 

6 sharp 

11 

9/16/42 

Convalescent bronchitis 

o 

12 

2 blurred 

5 blurred 

6 

9/16/42 

Convalescent pneumonia 

9 

16 

1 blurred 

20 blurred 

4 

9/17/42 

Acute appendicitis 7 

7 

18 

10 blurred 

17 sharp 

8 

9/17/42 

Convalesc. rheumatic fever 

2 

6 

1 sharp 

3 sharp 

5 

9/24/42 

Catarrhal otitis media 

24 

29 

1 blurred 

41 .sharj) 

10 

9/28/42 

Convalescent "grip” 

4 

8 

1 sharp 

3 sharp 

9 

9/28/42 

.Asthmatic bronchitis 

7 

17 

2 sharp 

20 sharp! 

9 

9/29/42 

‘ ‘ Grip ’ ’ 

5 

23 

20 sharp 

28 sharp 

■() 

9/29/42 

Convalescent bronchopneu- 
monia 

.8 

17 

1 sharp 

23 sharp 

8 

10/ 6/42 

Convalescent "grip” 

6 

IS 

2 blurred 

20 sharp 

6 

10/ 9/42 

.Acute catarrhal jaundice 

8 

16 

2 sharp 

29 .sharp 

9 

10/ 9/42 

Lobar pneumonia 

13 

IS 

8 sharp 

22 .sharp 

9 

10/15/42 

Convalescent bronchopneu- 

8 

15 

7 blurred 

23 .sharp 


7 10/15/42 

9 10/23/42 

<5 10/23/42 

o 10/23/42 

9 10/23/42 

8 30/2S/42 

10 10/28/42 

14 11/ 4/42 

4 11/ 4/42 

10 11/ 5/42 

8 11/ 5/42 

9 11/ 6/42 

0 11/ 6/42 

11 11/ 6/42 

7 11/10/42 

0 11/10/42 

8 11/13/42 

1 11/13/42 

10 11/18/42 

7 11/18/42 
11/10/42 

44 11/10/42 

12 11/2-/42 
11/27/42 

8 12/ 2/42 

0 12/ r./42 

5 12/ .8/42 

0 12/ .3/42 

7 12/ 3/42 

8 12/ .5/42 

12 12/ .5/42 

8 12/ 7/42 

0 12/ 7/42 

12 12/ 8/42 


monia 

Aphthous stomatitis 
Tonsillectomr 
Convalescent "grip” 

No pathologj- apparent 
.Acute peritonitis 
A'q pathologj- apparent 
Convale.=cent "grip” 

Xo pathologj- apparent 
Convalescent “grip” 
"Grip” < 

Convalescent "grip” 
.Appendicitis ? 

Tonsillectomj- 

Pneumonia 

"Grip” 

Acute bronchitis 

Tonsillectomj- 

Pertussis 

Tuberculous hip ? 

‘ ‘ Grip” 

Convalescent pneumonia 

Gastroenteritis 

Virus (atj-pical) pneumonia 

X’o patlioiogj- apparent 

-Acute bronchopncuraonin 

Fracture of humerus 

Acute bronchopneumonia 

Acute mastoiditis 

Inguinal hernia 

T.B. cervical adenitis 

ConvalcEC. appcndectomy 

TJppcr i-o.spiratory infection 

Hemangioma 

Convalcsc. appendeetonij- 


2 sharp 

2 sharp 
4 sharp 
4 sharp 

13 blurred 
10 blurred 

3 sharp 
3 sharp 
3 .sharp 

2 blurred 
12 blurred 
2 blurred 
2 sharp 
6 blurred 

2 sharp 
.3 sharp 

3 sharp 

6 blurred 
2 sharp 
2 sharp 
.3 blurred 


5 

10 

2 

])lurrefl 

5 

iO 

4 

sharp 


10 

1 

.“harp 


27 

5 

bluired 

•> 

s 

o 

sliarp 

21* 

23 

IP 

sharp 

34 

,35 

27 

.sli.-irp 

R 

IS 

1 

.sharp 

5 

10 

7 

sharp 

10 

IS 

O 

blurred 

14 

oo 

15 

blurred 

6 

12 

1 

.sh.'irp 


8 

] 

sharp 


10 sharp 

4 sharp 
12 sharp 

12 sharp 

22 sharp 
24 .sharp 

5 sharp 

6 sharp 

6 .sharp 
1.5 sharp 

23 .sharp 

13 blurred 

7 blurred 
20 blurred 
13 blurred 

0 .sharp 
4 .sharf) 

10 blurred 

4 .sliarp 

11 blurred 
13 blurred 

5 sliarp 
9 sliarp 

3 sharp 

20 blurred 
■3 sharp 

21 sharp 
••’0 sliarp 

2 .sharp 

4 .sfiarp 
28 sharp 
■33 .sharp 

2 sharp 
•» Sliarp 
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TIIK .lOViUNM. or l..\lU)UA'roKY AXI) OMNK.’AI, AirDKUNK 


T\ltl.r. 1— 


('ASK 

Xl.KAr' 

BKi: 

AGK 

YEAUS 

i>ATr, 

ittACi.vo.^r.s 

SM nil 

.UlclaiMETim: 

MM. 

i in:. 1 in:. 

.NT.W I.A.VOAU 
Mirr.OMlTTUK’ 

4 nil. 1 III’.. 


5 

12/ 8/42 

(hironie mastoi(lhi^ 

Ti 

17 

1 .'■biirp 

b! blurred 

00 

10 

12/10/42 

Acute toiipillitis 

1.7 

20 

2 “barp 

20 sbarji 

01 

s 

32/10/42 

CoHviilepeeat pneummiiu 

20 

27 

12 Miarj) 

21 sliarp 

02 

8 

12/17/42 

Chronic enrdiovasctilar dis- 
oa^-o 

17 


8 blurred 

28 sharp 

o:-. 

w 

12/17/42 

Coavaiosc. C.S. aieningitis 

f> 

9 

1 sbiirp 

10 sharp 

ot 

<•> 

12/21/42 

'ruberculous !iip 

8 


2 sbnT]) 

20 sharp 

(iT) 

8 

12/21/42 

Taljerculous plcnri.n- 

Ci 

18 

1 .dinrp 

9 sharp 

<10 

0 

32/21/42 

Coav.'ilc.'^ccnt aieaiagitis 


P 

1 sbarp 

2 .sliarj) 

\u 


12/21/42 

('/hroaic canliuvase. (liHcu>c 


P 

1 sharp 

2 sharp 

OS 

\} 

12/81/42 

Poavalcsccat naeuatonia 

2(i 

12 S 

89 .sharp 

42 sharp 

OO 

0 

12/83/42 

Acute toapillitis 

17 

0»'l 

10 blurred 

20 slmrjt 

70 

8 

12/81/42 

Tultercuious jileurisv 

• > 

s 

1 .“harp 

7 sharp 

73 

7 

12/81/42 

-Acute lironeliopiieuiuoaia 

1 

24 

1 Nliarp 

.80 sharp 

72 

c 

1/ 7/48 

Pleiiri.sv 

19 

»»'» 

2 blurred 

27 blurred 

7T» 


1/ 7/43 

EcMiaa 

19 

24 

17 blurred 

24 sharp 

74 

n 

1/ 8/43 

Acute toatsiUitis 

1 

20 

21 cbarj> 

28 sharp 

ro 

Cl 

1/ S/43 

Acute olitics aieiliii puru- 
leafa 


1.7 

2 .‘•baq) 

4 sharp 

70 

8 

l/n/43 

Wrist iaitiry 

•1 

; 

1 sharp 

7 sharji 

'< V 

S 

1/31/48 

Cervical ndontitis (acute) 

2.8 

27 

87 .‘.harp 

"ft sharp 

78 

0 

1/14/43 

Acute tonsillitis 

18 


10 .qiarji 

10 sharp 

70 

8 

VM/48 

Aeuto cattirrlial otitis atodia 

27 

28 

82 sharp 

8,8 sharp 

SO 

S 

1/1.7/48 

Coavatc.'cent pleurisy 

O 


1 .‘•harp 

2 sh.arp 

SI 

(i 

1/15/48 

Convtile.’ccat acute tonsilli- 
tis 

8 

37 

1 sharp 

7 blurred 

S2 

10 

l/lC/48 

Aeuto ainstoiditi? 

12 

21 

15 blurred 

20 sharp 

SO 

0 

1/10/48 

T.U. cervical .idenitis 

o 

• > 

5 

2 sliarp 

4 sharp 

S4 

14 

1/1.8/48 

Tuberciilou.s bip 

OO 

;to 

1.7 sliarj) 

IS sharp 

8.7 

10 

l/lS/48 

Triteture of elbow 

i 


1 sliarp 

2 .sharp 

SO 

5 

3/19/48 

(Jhronic cardiovalv. disenso 

«» 

(') 

2 sliarp 

7 sharp 

87 

4 

1/19/43 

Acute tonsillitis 

M 

2.". 

27 .sharp 

88 sharp 

88 

18 

1/21/48 

Chorea 


4 

2 .sliarji 

.8 sharp 

89 

0 

1/21/43 

Clubbed feet 

p 

17 

31 blurred 

2.7 slmqi 

90 

G 

1/27/43 

“Grip” 

O 

•1 

1 sharp 

2 sliarp 

91 

12 

1/25/43 

Convalc«Ccat rl\euiir.itic fe- 
ver 

“Grip” 


0 

3 sharp 

2 sharp 

92 

8 

1/20/43 

i) 

17 

1 blurred 

29 sliarp 


44 

1/20/43 

“Grip” 

4 

14 

2 sbarji 

18 blurred 

94 

44 

1/28/43 

Acute otbinoiditis (acute be- 
niolytio anemia) 

.81 

115 

■11 sharp 

44 .“liarj) 

9.7 

O 

1/28/43 

Tonpilicctoray 

0 

20 

20 blurred 

38 .sliarj) 

90 

7 

1/28/43 

Convalescent nteningilis 

30 

84 

.87 simri) 

40 sharp 

97 

5 

1/28/43 

CoavalcFccat appendicitis 

a 

8 

1 sliarp 

11 sharp 

98 

14 

1/28/43 

Tnbcroitosis of Spine 

14 

27 

20 sharp 

89 sharp 

99 

8 

1/2S/43 

“Grip” 



1 sliarj) 

8 .sharp 

100 

18 

2/12/48 

Hypertension 

7 

M 

0 .«h!i rp 

12 .sharp 


ing in the SmitlnCntlcr lube, llie greatest, variation being 12 inm., the average 
5 nnn. These differences are not, gi-eat wlien il is considered that they occurred 
in sediincnlalion rales which were very rapid. They are, therefore, not sig- 
nificant. 

After reading a number of .sedimentation tests, it soon becomes ap])arent 
that, there may be two types of reaction. The separation of red cells from plasma 
is usually indicated l)y a sharp demarcation. Frequently, however, it may he 
diffuse or bhu’red. This happens occasionally in other tubes with larger bores, as 
it did a number of times in the Cutler tubes. It is most likely to occur early in 
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a test the sedimentation of -wiiich proves rapid. There is a gradual tapering of 
color from above downward, the pale plasma deepening into the pinkish color 
of sinking eiythrocATes, which merges into the deep red of packed cells. Bv the 
end of an hour the blurring was nsually replaced bv a .sharp line. In only nine 
cases of this series did blurring persist -after one hour. In Case 36 it cleared 
in seventy minutes. 

As the cells pack, the diffused area covers only a few millimeters and the 
line of probable demarcation can be easily estimated within one or t^vo nulli- 
meteis, which is suffieiently accurate for aU practical purposes. If a reading 
is deemed unsatisfactory, it is possible to reattach the aspirator to the pipette, 
start drawing the colimui into the mixing chamber before releasing pressure on 
the floor of the rack, and allow the cells to sediment anew, provided the blood 
has not clotted in the pipette. Tlie second reading may be more satisfaetor\-. 


SIBDIARY 

The new Landau microsedimentation apparatus is described, and its reli- 
ability is demonstrated in a senes of 100 eases, in which the proved Smith-Cutler 
method was used as a control. The apparatus and technique have been reduced 
to their simplest possible fonn by successfully combining the several necessarj- 
steps, namely, the drawing and mixing of blood and anticoagulant and the sedi- 
menting of the red cells, into one unintemipted procedure accomplished in one 
pipette. Only three pieces of apparatus of the simplest possible construction 
are required : the pipette, an aspirator, and a rack. Not more than %o e.e. of 
blood is used, and the time required from puncture of the finger to the beginning 
of sedimentation is about thirty seconds. The set is so compact that it may be 
placed in a small comer of one’s bag. No pi’evious experience or unusual skill 
is necessary for the efficient use of this method. A test of acknowledged sig- 
nificance thus becomes univei-sally available to practitioner and specialist alike, 
equally useful at the bedside or in the laboratoiy. 

CONCLUSION 

The new Landau erythrocytic microsedimentation test fulfills tlie I'equire- 
ments of the ideal method. It is deemed worthy of further trial. Its reliabilitv 
having been adequately demons! rated, it is .suggested that this technique and 
apparatus may help to establish the desired standardization of the sedimenta- 
tion rate test. 
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PORTABLE APPARATUS FOR ESTIMATING THE PERIPHERAL 


BLOOD FLOW IN SHOCK' 


IlKunr.in' S. Wixi.s, M.D., and .Ioiin -I. Ttiojii'sox. A.H.. Winston-Saixm, N. (j. 


S KIN palloi' in shock siijji'^csts (hat (he periphoi’al hlooil flow is reduced, l)ul 
it is difficult to estimate the dejxree of this reduction from llio intensity of 
the pallor or other clinical sifrns. The one series of measurements carried out 
on Immaji cases* indicates the usefulness of quantitative information on blood 
flow for gausiufx the decree of devolopiii!' circulatory failure and the response 
to Iratisfusion. The direct i)le(hysmo"raidnc method, however, commoidy used 
to measure blood flow, rciquires cumbersome cqui]>ment not easily adai)led to 
studies at the bedside or in the operatinjr room or I'asnally station. The method 
to bo described, while not so accurate as the more elaborate equipment of the 
phy.siologic. laboratory, is jiractical in that it ^ives (‘onsistent readings whieh 
.serve well for eonqiarative studies, ami because the ap]uiratus is portable and 
ea.sy to operate. 

The apparatus is e.ssentially a small air plethysmotrraph consistiJifi of a 
cuff, V/i inch wklc< which sui)ports a thin rubber baji ajiainst the .skin. As the 
limb swells, following quick inflation of a centrally located sphytimomanometer 
cuff, air is expelled from the cuff ba", whence it jnisses to one end of a horizon- 
tal pipette (1 c.e. ealibratcd in 0,1 e.e. units) containino: a droplet of water, 
the movement of whieh mea.sures the rate of swelliiifr of the limb. The distal 
end of the i)ipettc connects to a .second rubliei- ba<: u])on which a lead weight 
floats. This constant pre.ssure or “reservoir” ba”: (R 71 in Fi;jr. 1) maintains a 
nearly uniform pressure of G cm. water in the whole system, which is .sutTicient 
to inflate the cuff for contact with the skin. Movement of (lie water drop is 
timed by eountinir swinjrs of a ]iendulum who.se period is 0.5 second. The 
number of pendulum swings for successive 0.1 c.e. excursions of tiie water drop 
ai'c recorded. These data, together with the volume of the limb enclosed by the 
cuff, which is indicated by markings on the cuff, enable calculation of the blood 
flow in c.c. per 300 c.c. of limb per minute. An alignment chart is used, in 
practice, to facilitate the calculations. 

It ha.s been found that the cuff bag need not completely surround (he limb. 
A bag 7 inches long, made from % inch Penrose drainage tubing and cemented 
to a cuff 15 inches in length, may be applied to a limb .segment of volume up to 
250 c.c. For use on the leg a longer cuff and bag may be required. 

.Several forms of the apparatus have been designed, but the most compact 
and readily portable type, .shown in the upper .sketch of Fig. 1, has jiroved most 
practical. All necessary equipment except the .sphygmomanometer (aneroid 

•From the Laboratories of Diyslolopy anti Pliarmacolopy. Bowman Gray Sclmol of Jlctli- 
rine AVInston-Salem. N. C. 

' Aided by a grant from the Council on Physlcai Tlicrapy of tl)C American Jlcdlcal Asso- 
ciatiom^^^^^^^^ for publication, April 27, 1943. 
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.type) is contained in a box Avliieh is x 9 x 1^4 inches Avhen closed. The traps, 
T in the diagram, Avhich prevent loss of the water drop, enable the box to be 
carried in any position. The pipette is mounted on a strip of wood, which may 
be turned forward, allowing the water traps to lie in a horizontal position so the 
cover may be closed. The cuff, the metal paper clip (not shomi) used for hold- 
ing the cuff in place on the limb, and a tourniquet for the wri.st (18 inches of 1 
inch Penrose tubing) may be placed in the box when not in use. A short ther- 
mometer, suitable for measurement of the .skin temperature, is held in the upper 
part of the metal clip shown inside the cover of the box. The lower part of this 
clip ser\*es to clamp the pendulum when not in use. 



Fip:. 1 — Drawing .and diapr.-nn of blood (low appanitu.-i. n w.irr , 

Pmctlo; T. water traps at each end of the pipette; .4 and JP. ^ 

the cuff bap; B P. by-pa5.'! tubo, which is opened or cln.so,] h\- cHmo r- ”” fubinp to 
•I inches long, similar to the cuff bag. and having a lead woip'hl of ih’n rlA' .to ’’'^■“tTVoir bag. 

tieoi 01 i.jii i_,ni. floated upon it. 

A by-pa...s B P. wliich i.s clo.sed by the damp. C. during the determination 

IS opened to allow air to pass between the eiifi hag and tlic i-e.sorvoir ha" d ' ' 

inflation of the hag system or durinu movements of the patient wliich mUt ^i" 

erwiso cau.se the water drop to he blown out of flie pipette To inflatr Tl i 

(he cuff IS first fitted .smiirly. l,ut not tiulitiv. to a segment of d ' 

‘ ^^sment ol liic arm or lotr. 



ISfl'i 'I'UK .lOUUNAt. Of h.\UUUAT(H:V ANM) CMNICAl, .MKDHMNi: 

wliicli slioulcl be iis ncjirly circular in cross section as ])o.ssil)le. The metal lubiii" 
connectors, A and B, are sejmrated. 'Fhc operator blows into A \intil tiic reser- 
voir bag, B B, is inllated. Pinebing oft’ the rubl)cr t\ibe above A, lie tlien eon- 
uccts A and B. AYlien the lube is released, air from U B passes hack into the cuff 
bag. 

Spontaneous variations of blood How arc nMlueed to a minimum, if the circu 
latiou to the hand is occluded by a tight tourniquet of I’ciirose tubing wrapped 
lightly .iusf above the Avrist. 

The accuracy of the method was tested by comparison of simultaneous re- 
cordings, which measured the swelling rates following venous occlusion of (a) 
the whole forearm inserted in a water-jacketed air tdethysmograph and (b) of 
a segment of this forearm, encircled by the. cuff jilethysmograph. h'or record- 
ing purposes a slightly modified form of the aiqiaratus was used in which the 
reservoir bag .system avjis replaced by a constant jiressure water reservoir, from 
the open end of which air was displacml at almosplicric i>ressure to a volume 
recorder. A second recorder registered tlie displacement of air from the larger 
plcthysmograph. The reeordci-s consisted of soa]> films formed across fhc ends 
of hori/.outal glass tubes. Images of the bubbles, which inerea.setl in size and 
approached each other as air entered from the resiiectivc plelhysmographs, were 
projected at convenient magnification across the horizontal slit of a V2 cm. re- 
cording camera. Time in seconds, calibration lines for th(> two recordei-s, and a 
mercury manometer record of the i)rc.ssurc applied to the collecting cuff were 
also photographed. Soap film recordens (fii-sf used in this laboratory) respond 
to pressure changes of less than 0.005 mm. ITjO: and erroi-s of amplitude, time 
lag, and maximum rate of response during tests, with simple harmonic volutnc 
changes, are imperceptible up to a frequency of .0 to 5 cycles jier second. The 
natural frequency of the larger recorder was 12 to 15 jier second. 

The cuff plethysmograph. as tested in this manner on 5 normal sul).iects 
(23 determinations) gives values of the blood flow, ]icr unit volume of limb, 
which are regularly low. The mean error is -28 ± 11.3 ]icr cent, the range i)eing 
from -10 to -47 per cent. 

It is evident that the absolute values obtained cannot be relied upon to give 
better than an estimate of the actual blood How. Tlic readings, however, are 
cousi.stent and i-cproduciide, and comparative me.asurements :ire relial)le. Fur- 
thermore, the variability (standard deviation as i)er cent of the mean) of read- 
ings on normal subjcet.s is not greater than is the case for more accurate methods. 
The mean of measurements on 54 normal subjects was 2.G5 ± 0.96 e.c. per 100 c.c. 
per minute. All subjects were comfortably warm, at room temperatures be- 
tween 21° C. and 30° C. and with forearm skin temperatures from 29° C. to 
34° C. 

In most cases it makes no difference whether the cuff is placed around the 
upper, middle, or lower third of the forearm; the same value for blood flow is 
obtained in each case. This indicates a remarkable uniformity (from Avliieh, 
however, some svAijects .show considerable departures) of the swelling of all por- 
tions of the limb. It seems evident that the chief cause of the error of the cuff 
flethvsmograph is referable to the slight compression of blood vessels lying he- 



WELLS AXD TIIOSIPSOX: ESTIJIATIXf! I’KKIl’UKKAL liLOOD FLOW IX SMOCK 185-3 

noatli it rather than to the location of the cufl’ on a portion of the arm which 
.swells at lc.ss than the average rate for the limb as a whole. 

During the past year the method ha.s been tried in clinical practice in .sev- 
eral hospitals on over a hundred patients, including a number suffering from 
various forms of circulatory failure (cardiogenic, vasogenic, hematogenic types). 
The eases, briefly reported in Table I, may suffice to indicate the low levels of 
peripheral blood flow found in hematogenic .shock. The increase of the flow to 
or toward normal levels, following transfusion, is noteworthy. The tendency 
of the blood flow to vaiy inversely’ with the hematocrit readings in Case 4, is 
of pailicular interest, since a blood flow detennination may be made in a frac- 
tion of the time required for a hematocrit. In general, we may say that a blood 
flow value of le.ss than 1.0 c.e. per 100 e.c. per minute, which persists after pain, 
nausea, cold, or other confusing factors have been eliminated, is highly sug- 
gestive of peripheral circulatory failure of the hematogenic type. Further clin- 
ical studies will of course be necessary to detemine the range of usefulne.ss of 
the method. 






Table 

I 

CASE TIMEAiTER 
XO. IXJUP.Y 

JJLOOB 

PRESSURE 

IIEKATO' 

CRIT 

BLOOB n.ow 

EEMAr.K.S 

1 

liour.s 

5 

10 

21 

n\m. Hg 

96/00 

70/50 

120/70 

per cent 
cell.s 

e.c, per 
100 e.c. 
per 

minute 

0.8 

0,4 

2.4 

Gastroenterostomy followed by profnse hem- 
atemesis, seven honrs. Tran.«fa.sions, 
whole blood, 1-500 c.c. to tenth hour; 1000 
c,c. twenty-first hour. 

2 

1 

50/? 

- 

0.5 

Stab wound of thorax. Transfusion 500 


S 

08/? 

- 

0.0 

c.e. whole blood first to fifth hours. Bleed- 


5 

110/74 


1.1 

ing not controlled until third hour. 

:i 

4 

50/? 

- 

0.7 

Po.‘-t-partum hemorrhage. Trtinsfu.sion, 800 


5 

108/80 

- 

•2.7 

C.C. glucose, 500 e.c. plasma from fourth 


(i 

120/82 

- 

:;.o 

to sixth hours. 

4 

0.5 

- 

.■!S.2 

- 

Severe second degree bum. Keccived 5:'.00 


G 

- 

4.5,2 

2.:! 

c.c. plasma during thirtv liours. 


17 


.58.8 

0.0 


— 

108 

- 

.'18.7 

2..'. 



The blood flow apparatus .serve.s a second useful function in shock casc.^-- 
for it enables one to determine the sy.stolic blood pressure in those patients (un- 
expectedly numerous, in our experience) in which the u.sual methods fail and 
the pre.ssurc is reported as ••unolitainable.” As the sphygmomanometer cuff 
pressure is lowered to the systolic level, blood entering the forearm even if if.s 
weak pulsations cannot be heard witli the .stelhoscoi)e oi- fuiipated at tlie wrist 
will cause tlic water drop in the pipette of llie blood flow apparatus to move 
very shani measure of syslolie pressure can always he defeiTOined in this way * 

i:Krr.m:xc[: 


I. Fref>m:tri, X 
Shock 


i;., Shnw. . 1 . I.., r 

- Tito Koducli'ia in •..nju -n uk. h,,,. i t. i • - 

lonr, (’old, and A5|)Iiy.xia. With ‘ from J'ain, 

of tho niood in (Jlinical <’a.-oi of Surgical «;hocl- T V'C Volume J’iow 

mar.. investigation 15: 0.11. 


^nyaor, ;.. The Poriidtoral Blood Fio, 
(-.trculalinn farotigii the Tl'ind 7*c 
With OnantlfoO,.,. ir ' : 




A 1?1<:SP11{AT{)RV (‘11A:\IHHR for (MIRONir FXI’OSrRH TO OAi^KS* 


A. T. .Iu.. Him,. N. ('. 


T IIl'j resjiinilory cliiiniin'r dcsi'i’ilietl in Iliis paper is a iiiodifieation of the one 
used by Ibo author in itrevionsly reported work (Miller. 11)40') on the efl’ccts 
of chronic exposure to carbon dioxide. 'Phe apparatus itself has not previously 
been described. The elianiber now in use in this departineiit was desiuned spe. 
eifieally for studies on chronic carbon nionoxiile I'xposurc. but is n'adily ada]!- 
table to the study of other toxic '^ascs. including war jrases. 

The ovcr-all ilinuMisions of the chamhi'r are 11 feet by 7 fei't by (! feet. 
The actual )ras chainbcr is !s feet by 7 feet by (5 feet, liivinfr a capacity of 1130 
cubic feet. The remainder of the caj>acity is accounted for by the space between 
the double entrance doors, '['lie cliatniicr will readily aeeomiuodati' tiircc human 
sub.iects, or 12 dofrs, or 200 rats. 

The chamber is constructed of 24 fiatUrie .sheet metal placed over a frame- 
work of two by fours. Tlio metal is fastened to the framework with jralvanized 
nails so that the .iunction between nail heads and slieet metal can be .soldered. 
All seams are .soldered and the entire chamber is ))ainted inside and out with 
heavy floor enamel. Control experiments indicate that a ”as mixture iilaeed 
in the chamber .suffers no measureable change in composition durim: forty-eiiiht 
hours. 

The chamber has a wooden tloor elevated four inches from the sheet metal 
bottom and sealed to iirevent trapi)in!r of "ascs between the two. The entrance 
doors arc built of IVo inch redwood, reinforced by 1 inch ani^le iron to jirevent 
warpiu". The door overlai)s the door facing 2 inelu-s on all sides, ami when the 
door is closed, it is sealed by a ija.sket consist ine of rubber tubinp: set in a con- 
tinuous groove on the inner surface of the door overlap, hhieh door is closed 
by two commercial cold room handles which exert ennu;;!! pre.ssure to collapse 
the rubber tubing gaskets against the door faeiiur. The double door entrance 
minimizes changes in gas comi>osition produced by entering and leaving the 
chamber during the course of an experiment. 

Two windows, each 3 feet by 2 feet, are jdaced in the chamber for illumina- 
tion and observation. Additional illumination is ])rovidcd by an overhead light 
bulb, and an even mixture of gases is maintained by an oscillating fan. Klcetrie 
wires arc led into the chamber through porcelain insulators and are scaled with 
cement. 

A continuous circulation of air tiirough the chamber maintains a normal 
pressure of oxygen and removes carbon dioxide. As shown in Fig. 1, this circu- 
lation is provided by an S inch electric fan mounted directly into a funnel-like 
expansion of the 4 inch tube leading into the chamber. A 4 inch exit tube leads 

^rom the Department of Phy.sloloEry. School of Mcrtlclnc. University of X'ortli CnroUnn. 
Mdod hy a grant-in-aid from the Sigma XI Alumni Researcli Fund. 

Received for puhllcatlon. May n, J043. 


1S54 



MILLKU: RESPlUATOUV CHAMBER FOR CHRONIC EXPOSURE TO GASES 1855 


to tlie outside of tlic building. The gas to be studied is led into the ventilating 
tube through a side tube as shown in the diagram. 

The maintenance of a desired gas concentration in the chamber requires 
two things: a constant rate of ventilation and a constant rate of flow of the 
gas into the ventilating tube. Flowmeter te.st.s indicate that an electric fan kept 
in good working condition maintains a very constant ventilation rate. A con- 
stant inflow of gas requires a source of gas under a constant pressure, with ad- 
justment of the rate of flow by suitable reducing valves. Illuminating gas is a 
convenient source of carbon monoxide in amounts large enough for continuous 
flow. The low pressure at which this gas is ordinarily delivered and the fluctua- 
tions in rate of flow require a .system for storing the gas under pressure for de- 
livery to the gas chamber. The details of this sy.stem are shown in Fig. 1. The 
gas flows from the jet into a 50 liter Tissot spirometer. This serves as a reservoir 
from which gas is compressed into a pressure tank. The eompre.ssion pump is 
a Crowell rotary number OD with a maximum pressure rating of 25 pounds and 
a free air flow of 2 cubic feet per minute. The pump is operated by a H. P. 
motor. The pressure tank is equipped uith an automatic pressure regulator 
(“Pressuretrol’’ type L 404-2, made by the jMinneapolis-Honeywell Regulator 
Company) with a pressure range of 2 to 50 pounds. This pressure regulator 
is connected to a pump motor through a Colt “Noark" automatic switch. The 
pressure regulator is set for a cutin pressiu-e of 18 pounds and a differential of 
2 pounds, so that gas is always delivered from the pressure tank to the respira- 
tion chamber at a pressure between 18 and 20 poiuids. The outlet from the 
pressure storage tank is provided with a gate valve for cutting off the flow 
completely at the end of an experiment and with a Hoke ammonia control valve 
for tine adjustment of flow. This valve permits accurate control from full flow 
down to 5 bubbles per minute. In practice, the concentration of carbon monoxide 
in the respiration chamber can be controlled within 0.001 per cent durins a 
6 hour exposure period. 

The absolute variation in rate of flow of gas into the tank may be deter- 
mined as follows. Gas is delivered from the storage tank at a pre.ssure which 
steadily declines from 20 to 18 pounds over a pei-iod of about ten minutes. At 
this point, the pump cuts on and the pressure is built up to 20 pounds ao-ain in 
about one and one-half minutes. The average delivery pressure then is 19 
pounds with a range of ± 1 pound, or 5 per cent of the total pre.s.sure. This 
means that a given rate of flow can Ije maintained vithin the limits of - 5 
per cent, and this is proved by the fact that the fluctuations in the flowmeter 
reading are unifoi-mly within these limits (see Pig. 2). If a .still more unifom 
rate of flow is necessary, it can be obtained cither by using a pressure reo-ulator 
with a smaller differential range or by inserting a constant flow valve (.such as 
those used on oxygen cylinder) between the pressure tank and the resnintion 


The operation of the entire gas flow as.somblv is made comnlnfM,- o . 
by providing the bell of the Tissot spirometer witi, an auLaT L 
The ri.se of the bell is checked at such a height that the Zi 
the water level is greater than the gas pre.s.sure in the mni ' ^ below 
water. The pr cs.sure in the boll inci-ca.scs until it 

the flow of ejas from the main ceases. Gm- roor.« h i * ^ Prc-Ssurc and 
spirometer bell ehcok it at the desired imint.’ '‘”<iched to the lop of the 
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IcSoG 


The concent ration of carl)on monoxide in llie respiration elianil)cr may he 
determined by the usual analytic methods. A ^reat .savin” of time and effort is 
made by the use of a carbon monoxide, imlieator (^liiie Safety Appliances Com- 
pany) Avhieh rcfinires only almnt two minutes for a determination. 

Eoutine determination of the carbon monoxide coms'iitration in tlie cliambef 
may be obviated in the followiii” way. Tlie flowmi'ter is calibrated afiainst the 
carbon monoxide concentration in tlie <-hamber tlu'oupdioul tlie ran”o of concen- 
trations to be used. It .should be emidiasizcd that this calibration mu.st be experi- 
mental, since the Io"arithmic relation between (iowmeter pre.ssure differential 
and rate of flow breaks down at rates of flow bi”b enou”!! to jiroduce turbulence. 
Once the calibration is performed, the desired carbon monoxide concentration is 
obtained by ad.iustiii” the fine control valve to ”ivo the jirojier flowmeter rcadin”. 
The oxygen and carbon dioxide concentrations should be cheeked oceasionally, al- 
though they have never been found outside normal limits in work in this depart- 
ment. The relative humidity is recorded at the end of au exjiosure jieriod by 
the wet bulb method. This may bo done without entering the ehamber by in- 
serting the wet bulb thermometer through a rubber KlO]))ier into a flask through 
which a stream of air from the ehamber is drawn liy suction. The relative 
humidity has never been observed to rise above that of the outside atmos))here 
even rvitb a full comiilement of experimental animals in the ehamber. 

If the effects of carbon monoxide are to he studied uniiillueneed by other con- 
.stituents of illuminatiug gas. the.se eon.stiluents must he removed. Most artificial 
gas is a mixture of coal gas and water gas. Tlie ('liapi'l Hill city gas lias tlie 
following pereontage comiiosition; 


Carbon monoxide 23.4 

Hydrogen 36..^! 

jMethane 17.S 

Ilhiminant.s (uii.saturaled hydroearhons) S.G 

Nitrogen S.f, 

Carbon dioxide 3.7 

Oxygen 1 .2 


Benzene (not. included iu auulysis furnished by gas com- 
pany but usually iireseni to the extent of 1 or 2 iier cent). 

This is a characteristic composition for manufaelured gas. altliough the 
relative proportions of the eonstituenls may vary in different communities. Of 
these, hydrogen, nitrogen, and methane are simiile asiihyxiants; that is, they 
are inert gases wliich act by excluding oxygon from the lungs when present iu 
high concentration. The nnsatnratod liydi'oearlions have anesthetic jiroperties 
in liigli concentration (about 60 jier cent), lint are simiile asphyxiants in low 
concentrations. All of these gases arc present in extremely low concentration 
in the final mixture of air and gas delivered to the chamber (less than 0.2 per 
cent for the sum of all of them when the final earliou monoxide concentration 
is 0.05 per cent) so that their effect is negligible and they need not. be removed. 
The final concentration of carbon dioxide under the same conditions is loss than 
that of atmospheric air. Benzene is the only constiUicnt aside from the carbon 
monoxide which is present in sufficiently high concentration to exert specific 
effects The greater toxicity of illuminating gas compared with pure earhon 
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monoxide is usuidiy allviinited lo 11)o pvesenee ol‘ lieii'/.em;. This may l)c removed 
<inantilativcly from the illuminating!: itas by passafie tlirongh absorption lubes 
eontaining activated charcoal, as slmwn in Fig. 1. The completeness of removal 
may be tested by bubbling the gas through a test bottle containing a dilute solu- 
tion of formaldehyde in sulfitric acid (5 e.e. of 40 per cent formaldehyde diluted 
to 100 c.c. with concentrated svdfuric acid). A reddisli-jmrplc color indicates 
the ])rcsenee of benzene. 

Only slight modifications are recpiired to adajd the chamber to the use of 
other toxic gases, including war gase.s. If tlie gas to be used is ligliter than air, 
no essential modification is necessary, since tlie gas leaving the exit tube of the 
chamber is fjuickly dissipated by dispersion. If heavier-than-air gase.s or vapors 
are to be used, the exit tube siiould lead through a suitable trap for absor])tiou 
of the gas or vapor. If corrosive gases, such as chloi'ine, are used, all surfaces 
with whicli the gas comes in contact must !>e painted witli one of the re.sistant 
]>aints now commercially available. 

SU.MMAUY 

A rcsiliration chamber and gas train for clironic exposure to carbon monox- 
ide arc described. Tlie assembly is automatic in oiieration and reiptircs no at- 
tention during an eight-houv expo.surc period. The slight modificationH neces- 
sary for adapting the chamber to the use of other toxic gases arc de.scribed. 


nF.fEiir.NOK 

1. Millor, A. T., .tr.; .Acotimatizuliou to Curtxm DioxiUp. A Rtmlv of (Mipiuipol aiiit fVtlullir 
Cliuiigos in tlu' Itlnoii. .Am. .T. Physiol. 129: ."i2t. 10-10. 



BBIUNOLOGIC REACTIONS FOLLOAVING TYPHUS AU\CGINATION 

IN ARAIY PERSONNEL® 

Jajies H. Pakk, AI.D.t axd Frederick M. Offekkraxtz, M.D.i 


T he term tj-plnis as generally used refei's to tlrree gi’oups of rickettsial dis- 
eases; 1. Classical typhus (-which includes Alurine typhus) and a louse- 
or flea-home group. 2. Rockj- Hountain Spotted fever, which is caused by a 
tick-home group. 3. Scrub t^^phus and tsutsugamrushi fever, which are mite- 
borne diseases. The kno^vn role of tjTihus as a deeimater of civilian and mili- 
tary populations in Avartirae is too Avell kno-wn to be commented upon further. 
The fomi of tj^phus AA-hieh has been responsible for this stigma' is the Classical 
group, epidemic throughout Europe. Because of its importance as a public 
health measure, the War Department, even prior to the present conflict, began 
immunization of all military pemonnel destined to enter potential or actual 
typhus areas. The foi-m of vaccine employed Avas the rickettsial preparation 
groAATi by Cox in the yolk sac of developing chick embryos. Although of proved 
protective potencj* in animals, the only large scale trial of this method of vac- 
cination was during the Spanish Civil War, by Rockefeller Foundation workers. 
Unfortunately they Avere unable to remain for a period of time sufBcient to 
evaluate their results. The use of vaccine prepared from RicJcetfsia proiuazehi 
(the causative agent of Classical tA-phus) by the AVar Department was made 
standard for personnel going to the Southwest Pacific area as well as points 
closer to actual epidemic sites of that foi-m of the disease. In the Australa.sia 
zone, hoAvever, the Scmb typhus or t.sutsugamushi group constitutes the endemic 
and epidemic form. The causath-e organism here is the Ricliettsnn orientalis. 

It is too early to state with assurance that protection has been afforded 
those exposed to Scrub tjT)hu.s by immunization Avith the agent of the Cla.s.sical 
form, and complementing this consideration is the fact that no large bodies of 
our troops have yet been exposed to the Classical form for estimation of the 
A'accine efficiency. 


The inception of our study lay in the need for immunologic data with 
regard to typhus vaccination in human beings. The method of such studv 
can only be by employing the AVeii-Felix reaction. This procedure involves 
the use of Bdcillus protnis, the Somatic (O) variety of the X19 and XK 
strains. The reaction of the Clas.sical group has been to the 0X19 -n-hile that 
of the Scrub tA-phus group has l>cen to OXK. Emphasis has been laid unon 
the sharp distinction afforded between the gi-oups by the use of this differential 
reaction. To us in this zone the problem Avas tAvofold- 1 What ft 
response was being afforded iiy use of the vaccine. 2. To a.scerfain n' 

the dil ution at which agglutination Avas diagnostic of Scrub tA-phus 

o Oic Thin! Moilic.-il n-Ommtori-. .\ilv.nnpp 

s.n. Section 2. apo. Po.tTnav-tor 

•Major. Mtullcal 

♦ Corji?. 

for iHibl\callon, May 
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This study -vva.s couduclccl upon, a scries of GOT sera collec'Icd at rundoin 
from patients coming through our hiborntory for iCalin testing. Tlie Wood 
was collected by venipuncture directly into sterile ‘SVassennann t.ubcs and 
clotting pei'inittcd at. room tcmperaluro. Tlie serologic testing was ])e.rformcd 
either immediately or within 24 bom's. Where tlie interval l)ctwoen collection 
and agglutination was greater than 1 to 2 hours the specimen was placed in 
the refrigci’ator. The clot was freed by rimming with wooden applicators; 
and the specimen was ecnti'ifuged at 2000 revolutions ])er minute for three 
minutes. Serial dilutions in physiologic .saline were made immediately. TIic 
dilutions were of the customary strength, i.e., 1:10 to 1 -.020, except where 
typhus was definitely suspected, i)» which case the dilutions went up to 1 ;2GG0. 
The dilutions noted in this paper are those of sera-in-saline. before adding 
antigen. The final volume of diluted .serum was O.G e.e. in each ii\slance. 

The dilutions were, made in duplicate for each scrum .so that rcaction.s 
could he obtained against the Proteus XIO and XK (“O,'' or nonmotilc, non- 
flagcllated strain). To these dilutions were added 0..‘) e.e. of the bacterial 
suspensions, iirepavod for us by the Department of Dactei'iology. Tlie Proteus 
organisms were those of a stock culture obtained from the Dili Corps Area 
Laboratory, Dlontercy, California, jnst ]>rior to onr dejiartiirc for the South- 
west Pacific Area, and carried on brain heart infusion agar. As needed, 
growths were suhcultured on the sjimo material and washed off with formalized 
saline after 48 houre. The .suspension was diluted to a number three strength 
(baiium chloride stai\dard, 1 billion organisms). When not, in use, the. antigen 
%va.s stored in the refrigerator. 

The antigen and serial dilutions Avere mixed by shaking, and then were 
placed in the water hath (37 degrees C.) for twent.y-fonr hours. At the end 
of this time readings Avcrc taken in all tubes for: (1) presoucc of tlocculcnt 
material on the bottom of the tube, (2) the clarity of the .supernatant liquid. 
Comparison wa.s made in each imstanec with 3 controls; (1) Antigen-saline; 
(2) known positive serum; (3) knowm negative scrum. Only those veadiugs 
were called positive wherein there were hotii a lieavy fioceulation and complete 
or almost complete clarity of the supernatant before shaking. No dilution 
was called positive where more than an estimated 25 per cent, of tlie antigen 
remained in suspension. The readings were conducted at the same hour each 
day, against daylight by the .same reader in each instance. It can he stated 
that variations in all of the technical procedures from veuipunctuve to cleaning 
of the tubes Avas held to an absolute minimum. Only Iavo of tlie enlisted men 
participated in the handling of this scries. 

FINDINGS 

Our results are divisible into four categories, Avhich aa’c have arbitrarily 
set up to include all of the individuals tested. The divisions Avere created 
on the basis of relative immunologic prohahiliiy. As .slioAvn in the accompany- 
ing table, these Avere; 

L Civilians, native to this area (except Avhero noted). 

2 Patients in the. United States Army liospital units, in this area. These 
individuals had been immunized Avith the typhus vaccine at varioiis intervals 
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up to a year and were in llu- hospital rvilli a definite or sns])ected diagnosis of 
malaria, dengue, or syphilis. 

3. Men Muth no clinical evidence of di.seasc (Officer candida(e.s), u'ho like- 
wise had been immunized variously less than a year before testing. 

4. Patients who showed titers diagnostic of Seiaib typhus. 

A fifth group, those ■who .showed positive Kahns, ■was incorporated into 
the second group, when it Avas seen that their responses to the Weil-Felix 
reaction were the same. 

As can he seen in the aceompanj-ing table, the civilian group, native 
to this area, showed absolutely no reactivity to the Proteus either OXK or 
0X19. It can he stated that none of these individuals admitted having had 


TABI.E 1 


T.\bclatiox of Results 


OXK 

0X19 1 

post. IVES 

<’mLIAXS 

orncxR CAXD. 

PATIENTS 

0 

wmm 


36 


72 

1:10 

0 


5 

(Mercb- >hlar,) 

of 

109 

1:10 

1:10 


2 

j (Mercli. Mar.) 

14 

12 





1 4 

o 

u 

1:20 

0 


2 

( Mercli. Mar.) 

37 

50 

1:20 

1:10 ' 

1 


4 

4 

1:40 

0 

1 

1 

( ■Mercli. Mar.) 

8 

17 

1:40 

1:10 


1 


6 


0 




6 

1:160 

0 

12 

1 





7 

1 





5 





1:160 

1 





1:0 

3 




1:320 


2 





1:20 

o 

• t 

i 

1 




1:80 

1 





BSaH 

2 





typhus and that there were no agglutinations, even paiTial, among them. Tlie 
eleven civilians who did show reactivity to either or both Proteus'^.strain.s were 
alt klerchanl Ivlarine personnel whose contact with the disease in IVorld ports 
is highly probable. In the military personnel, immunized as previou-slv de- 
scribed, only 14 per cent showed a reactivity in titers 1:40 or hioher (o'xKl 
Of these 7 per cent had reactions with the OXK in dilutions of 1 -160 or InVIier 
This la.st group were in each imstance individuals who bad a clinical diao^n«ic 
of Hcruh typhus. Table I will show that although the titers a-ainst 0X19 

rose somewhat in these patients thev were still low 

. cnotod bC.vccn ,l.o , :40 and U160 ^ t ' i.e 

again were low. ^ez'e 

Tlw 86 per cent of the military pereonnel whose titei-s were 1 on , - 

cither OXIO or OXK demonstrated some verv interesting snll """ “ 

most was the observation that 20 per cent gave no evFdencc 

“ ot immunologic 
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I’cspoiiso. Tlio moll avIio avcit in Iho hospihil for irroloviint illncssos out- 
inimbored the lionllliy "ronji lioyond llioir i-nlio williin tho totals. Tlic .second 
notation and probably the most imiiortant .single factor Acas that 60 jicr cent 
of the inimniiijced pensoiinol, sick or wfll. pavi^ absolutely no rcsiamse to the 
0X19, Avhile sboAvin" a 1:10 or 1:20 response with the OX 1C. 

No attempt shall be made to (piestion tlie use of tiie IVtul-b'elix reaction to 
interpret immunolo<ric status in typhus. .Since tlie isolation of the Bacillus 
protcus from the urine of typhus jiatients, ufifilutination apainst it has been 
the only universally accepted clinical procedure for evaluation of tlie rc.sponse 
to the di.scase. Nor can there be any reasonable doubt as to the selective reac- 
tion by the Scrub typhus firouji to the XK strain, and the Classical 'rrouj) to 
the X19 strain. As .stated above this .study set out to utilize, tliese procedures 
in a ma.ss serologic analysis. Animal protection tests would have been the only 
altenialive method of a.ssay, and this would have been impossible witli so 
many sera. 

On this ba.sis, therefore, it becomes evident tlmt in a group of young men, 
certainly in good hcaltli at the time of vaccination, there is a miiiimal Weii- 
Pclix res])on.sc to the Cox yolk sjic immunization jn'oeedure against Classical 
typhus. Tiiis conclusion is inescapable when it is scon that over 88 ])er cent 
of tho group, whether clinically healthy or suffering from irrelevant illnesses, 
showed no serum agglutinatiou at at! against the 0X19. 2'he presence of low 
titer reactions in the remaining 12 i)er cent and the high titer in the one 
indhndual who admitted having had ('lassieal tyi)hus showed definite potency 
of our X19 antigen. The (luestion arises as to whether or not the initial two- 
dose inoculation is sufficient to create an immune rcsimnse or whether .a “series 
of kick-up” in.ieetions are needed. On the other hand, it is most per])Ioxing to 
find that 80 per cent of the military personnel, ill or well, gave some reactivity 
against the OXK strain, a great inirl of them being in the 1 :20 dilutions. 
Since the native population showed no reaction to the Proteus, this immunity 
may be due to the active inoculation and not subclinical contact with Seimh 
typhus. Here again, the efficacy of our OXlv antigen was ])roved by the .same 
very high titer responses among tlie clinically jmsitive grou]) of Scrub typhus 
patients. The probability here is that the Piekettsia used in the vaccine was 
that of a strain incitive to antibody response against Proteus OXK. It. is 
underatood that workers with this vaccine have recommended a stimulating 
dose between six months and a year following the initial series. Vet one cannot 
anticipate a rise to 0X19 titers even Avith stiimilation, Avben the ovcrAvhelming 
evidence indicates lack of response at this time. Tho interval since inoculation 
in these troops Avas in no instance over a year, in 95 per cent less than ton 
months and in 55 per cent about 6 months. As Ave obseiwed tho accumulating 
results, there Avas no reason to attempt their statistical separation on the basis 
of elapsed time since immunization ; all time groups Avere quite similar. 

Our second problem is perhaps of more immediate significance and the 
findings thercAvith of less controvei*sial nature. This refers to the tiler at 
AA'hich agglutination shall be considered positive for the diagnosis of Scrub 
typhus. In keeping Avith the accepted inlerpi’etation of findings in the "Weil- 
Helix reaction, OXK titers, of 1 -.160 or higher AA'ere considered diagnostic of 
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the disease. In eveiy instance these patients had been elinicallj' diagnosed as 
having the disease. ^Yhe^e the titer was clearlj' 1 :80, there was suspicion of 
the disease, but we did not feel justified in making a positive diagnosis. Titers 
of 1:40 were not considered as belonging to the positive group. The finding 
in so large a group of individuals, however, definitely show that this concept 
of diagnostic levels must be changed. Of our military personnel, 86 per cent 
gave reactions of 1:20 or less, making this titer the accepted limit of normal 
rather than the 1:40 and certainly not the 1:80. lYe present, therefore, for 
corroboration in the hands of other workers the sex’ologie dilutions of 1:40 as' 
being very suspicious of Scrub typhus, and level of 1:80 diagnostic of the 
disease. - lYhether these figures Mill hold for Classical tj-phus, we do not feel 
competent to discuss. 

CONCLUSIONS 


1. U.sing the lYeil-Felix reaction as an index of immunologic status, 88 
per cent of a group of militarj' personnel immunized with the Cox classical 
tjphus vaccine gave no response against the Proteus 0X19. 

2. Of this same group 80 per cent shou'ed reactivity against Proteus OXK 
(the Scrub tj^ihus strain). 

3. Of the OXK reactions, 86 per cent were at a titer of 1 :20, 1 :10, or 
negative. From this we have concluded that a titer of 1 :40 was verv- suspicious 
and 1:80 diagnostic of Scrub tj-phus. 

4. The possibilitj' is discussed of the vaccine employed being of a nature 
to incite immunity for Scrub tj^phus. 

5. The problem of immunity against typhus requires additional immediate 
study relevant to cross reactions and specific protection afforded by vaccines. 

Reference to literature other than that noted in the folloxving bibliography 
xvas impossible due to our militarv' .situation. 


.Me -Wis'h to thank the member.s of the Department of Bacteriolofn- unrler Tt 
p Xeill, for their assi.'!tance. The technical work was entirely done bv Pfe b, B. 

Pvt. R. D. Tuttle of this unit. • ' *'• Larson and 
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A RAPID AGCiLUTlNATlON TKST TECHNIQUD* 


XATfCAX Nacia;, A.B., Lucii^lk Sciwlxi:, B.S., a\i> >J. C. Wii.hi^rr, 

St. Loui.s, j\r«. 


T he principle of sliaking or n^itulion first aiijilicfl ])ractically by Kahn’ in 
1923 in his jirecipif alion test for syphilis aeeonnts to a large flcgrec for the 
immediate results obtained by tbc Kahn test. Three minutes’ shaking at a 
speed of 280 oscillations per minute ^vith a stroke of V/^ inches (Jvahn .shaking 
machine) produces visible aggregations with beef heart lipoids (Kahn antigen) 
and syphilitic serinn. Eagle" found that shaking shortened the time required 
for visible aggregation of antigen and .specific antiserum. Visible aggregations 
nere obtained rvith JUicillus typhosus and its antiserum in -1 minutes' and beef 
heart lipoids with syi)hilitic scrum in 2 minutes' shaking. The .speed or length 
of stroke of shaking is not stated. 

The St, Louis Health Division Laboratories have used .shaking in the agglu- 
tination test technique mth bacterial antigens for the past several years. This 
practice was begun by C. L. Pfau, now dceea.scd, but his data arc not available. 
During the past two years sufficient data have been aecumulatcd to show the 
usefulness of the method. The procedure dcvolo])od in the rapid agglutination 
test technique for typhoid, tularemia, brucellosis, and other baeterial diseases is 
essentially adding 0.3 c.e, antigen .suspension to 0.3 c.e. of serum dilutions, .and 
agitating in a Kahn shaker for 6 minutes. A ])reliminary reading of the tc.sl 
is made and reimrtcd to the physician immediately if the titer is above 1 :80. 
The te.st is then incubated for 5 hours at 37° C. in a water bath, after which 
time the final titer is reported. 

Homologous antigens Avero added to jmsitivo sera in dilutions and agitated 
in a Kahn shaker for periods extending from 2 to 10 minutes. The maximum 
readings in the majority of sera were obtained after the G-minutc intervals. 
Table I shows the results with 20 sera with readings made at 2 minute intervals 
up to 10 and again after 5 and IS hours’ incubation at 37° C. Practically all 
of the sera developed their maximum titer after 5 hours’ incubation. 

One hundred and twenty-nine sera submitted for tyi)hoid, tularemia, or 
brucellosis were tested with B. typhosus antigen, and readings were made after 
6 minutes’ shaking, 5 and 18 hours’ incubation at 37° C. All sera .submitted 


for an agglutination test arc examined routinely for all three of these diseases. 
In a similar manner 131 sera were tested with Bacillus tulnrc7isis, 133 with 
Brucella abortus and 56 Avith Bacillus protcus XJ9 antigens. Tables II, III, 
and V indicate the maximum titers of sera tested Avith B. typhosus, B. tularcnsis. 
and B. proteus X19 antigens after 5 hours’ incubation at 37° C. folloAving the 
preliminary 6-minute shaking period. The incubation period for Br. ahorhts 
must be extended beyond 5 liours to obtain tiie maximum titer in a small per- 
centage of sera as shoAvn in Table IV. 


•The St. Louis Health Division Laboratories. 
Received for publication, June 8. 1043. 
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On a small number of known positive sera the rapid agglutination test 
method was compared with the tcchniriuc described by the Standard IMethods 
Committee of the American Public Health Association." The essential differ- 
ences between the two methods arc shaking and length of incubation period. 
The A.P.H.A. method calls for 42 hours’ incubation at 37° C. for Br. abortus, 

Table I 

ErrEcrr or Sh.skiso as» Isoeb.vtiok of Aktiges -Serum Mixtures on Titers of 20 Sera 


Serum with 
homologous 

.VSTIGEN 

NO. 


SHAKING 

TIME IX 

minutes 


iNcruB.vnoN at 
37°C. IN HOURS 

2 

4 

6 

8 

10 

5 

IS 

B, typhosus 

1 

_ 

20 

40 

40 

40 

40 

40 

B. typhosus 

2 


20 

40 

40 

80 

80 

80 

B. typhosus 

3 

20 

20 

20 

20 

20 

20 

40 

B. typhosus 

•i 

20 

20 

40 

40 

40 

40 

40 

B. trphosus 

5 

20 

40 

40 

80 

160 

160 

160 

B, typhosus 

6 

20 

40 

SO 

80 

160 

160 

160 

B. typhosus 

7 

20 

20 

40 

40 

80 

80 

160 

B. typhosus 

8 

40 

40 

SO 

so 

SO 

SO 

80 

B. typhosus 

9 

320 

320 

640 

640 

1280 

1280 

1280 

, B. typhosus 

10 

1280 

1280 

1280 

1280 

1280 

1280 ' 

1280 

B. tularensis 

11 

40 

80 

80 

80 

SO 

SO 

80 

B. tularensis 

12 

320 

320 

1280 

1280 

1280 

1280 

1280 

B. tularensis 

13 

640 

1280 

1280 

1280 

1280 

1280 

1280 

B. tularensis 

14 

640 

1280 

1280 

1280 


1280 

1280 

B. tularensis 

15 

640 

1280 

1280 

1280 

1280 

1280 

1280 

Br. abortus 

16 

160 

320 

640 

640 

640 

1280 

2560 

Br. abortus 

17 

320 

1280 

1280 

1280 

1280 

2560 

2560 

Br. abortus 

18 

640 

1280 

1280 

1280 

1280 

1280 

1280 

Br. abortus 

19 

1280 

1280 

2560 

2560 

2560 

2560 

2560 

Br. abortus 

20 

1280 

1280 

5120 

5120 

5120 

5120 

5120 


Table II 

Effect of Shaking and Incubation of B. typhosus Antigen-Seruji Mintlt.es 

ON Titers of 129 Sera 


NO. SPEC. 

6 MINUTE SHAKING 

5 HRS. INCUB.ATION 


108 




3 


20 

20 

7 

20 

40 

40 

2 

20 

80 

80 

2 

40 

40 

40 

2 

40 

SO 

SO 

2 

320 

640 

640 

2 

640 

640 

640 

1 

640 

5120 

5120 


T.able m 

Effect of Shaking and Incubation of B. tuJarensis ANTiGFv-«!rPT-^r xr,,— 

on Titer-s or mi Sera ' Miature.s 


XO. SPEC. 

6 MINUTE SHAKING | 

i> HRS. INCUB.tTION 


112 

0 

0 

1 

4 

1 

1 

0 

»> 

1 

1 

20 

20 

SO 

ICO 1 

ICO 

320 

040 

12S0 

2300 

3120 1 

20 

SO 

SO 

IGO 

320 

640 

C40 

12S0 

2560 . 

5120 

20 

80 

SO 

160 

320 

640 

640 

1280 

2500 

5120 
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18 hours at 52° C. for B. luphosva, nn<3 2 liours at 37° C., and overnight at. 8° C. 
for B. ixdarcnsis and B. protcua. Table VI shows the elosc, agrccinent between 
the results obtained on 36 sera. 


Taum: IV 

Kvfvxt ov Shaking asi> Isci'iiynos <>v Hr. nJioiliis .\NTir.r,s-Sv.i'.KM MiXTer.rs 

os Trriats or Ki:! ski-.a 


XO. SPKC. 

0 .Ml.VKTK .SH.SKIXC 

5 HI:H, INCirHATIOS 

l.s nr.H. ixcuiuTiox 

115 



_ 

1 


40 

SO 

1 

20 

320 

320 

3 

SO 

100 

100 

1 

so 

so 

ICO 

1 

100 

320 

320 

1 

010 

12S0 

2500 

1 

0-10 

2500 

2500 

1 

12S0 

2500 

2500 

1 

12S0 

12.S0 

12S0 

1 

12S0 

12S0 

2500 

O 

12S0 

5120 

5120 

1 

2500 

5120 

.5120 

O 

5120 

5120 

5120 

1 

40,000 

1 .SI. 020 

.SI, 020 


TAni.r. V 


Kkkkot or Sii.\K\N(i .\N-i> l.vculi.vrioN or }>. prntt ii.v A' la Antic.kx 
Skiu'.m Mi.xtckk.s o.v Titks.s or .aO .skua 


XO. SPEC. 

(i .MI.N'CTK SIIAKIXO 


l.s nius. i.vcL'H.VTiox 

31 


i 


o 


20 

20 

1 

1 . 

•10 

SO 

4 

20 

20 

20 

4 

20 

40 1 

40 

4 

40 

40 i 

40 

O 

40 

.SO 1 

SO 

4 

80 

SO j 

SO 

o 

320 

320 1 

320 

o 

040 

12,S0 ! 

1280 


Tlie agglutination tests i-eeorded in Table VI for B. tpphosiis and Br. ahoi-tus 
done by the A.P.H.A. method were also read after 6 minutes' ineubation at room 
temperature, and again after 1, 2, and 5 hours at either 52° C. or 37° C. Visible 
aggregations were not observed after the 6-minute period although a small nxim- 
ber showed aggregations in low dilutions after 1-hour ineubation. The low 
titer's obtained after 5 hours' incubation showed that long ineubation periods are 
neeessary in order to obtain the maximum titer when the antigen-serum mixtures 
are not shaken. Duplieate tests done by the rapid method were also read after 
6 minutes’ shaking and again after 1, 2, and 3 hours’ ineubation in the water 
bath at the appropriate temperature. Immediate reactions in low dilations fol- 
lowing the 6-minute shaking period were obtained with practically all sera re- 
corded in Table VI. Higher titers were obtained after 3 hours’ incubation, 
although it was necessary to incubate an additional 2 hours to obtain the maxi- 
mum titer. 

Antigen preparation in this laboratory follows the A.P.H.A. method very 
closelv except that for Brucella antigen, formalin is used instead of phenol and 
the turbidity is 500 parts per million instead of 200 parts per million. The eul- 
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turcs used arc those distributed liy the National Institute of Health including B. 
typhosus “0” and “H." B. tularcnsis, Br. abortus, and B. profcus. Sera sub- 
mitted for Typhus or Rocky ^Mountain Spotted Fever are fii’st examined ■with a 
B. proieus Xl9 culture composed of both motile and nonmotile organisms made 
into a 0.3 per cent fonuolized suspension ttdth a turbidity of 500 parts per 
million. Sera showing at least a 1 :40 titer aie repeated trith live culture anti- 
gens made from B. proieus 0X19 and 0X2. Table VI shows that the fonuolized 
and live culture antigens arc equally sensitive. 

Table VT 


The K-vem AGC.LVTix.\'nox Test Comp.wxd With the Amej-.ic.>lK Ptrsuc He.'.ltu 
Association Methods ox 36 Seka 



H.VPID METHOD 


XO. SERA 

t) MIM'TES’ 5;HAK1XG 

5 Itore.S' IXCCB-VTION' 

A.? .HA.. iIETHOD.S 

Typhoid 



2 

20 

20 

•j 

SO 

40 

1 

160 

40 

1 

160 

160 

1 

320 

.320 

1 

320 

SO 

1 

640 

320 

1 

1,280 

1,280 

1 

10,240 

10,240 

Tularemia 


1 i 

•SO 

SO 

1 1 

1,280 

640 

1 ' 

1,280 

320 

1 

1.280 

1,280 

1 

2,560 

2,360 

Brucellosis 


2 

1,280 

1 1.2S0 

2 

2,360 

1 1.280 

1 

5,120 

: 2,560 

1 

10,240 

1 10.240 

Tvphus 



1 

20 

i 20 

O 

20 

! 40 

1 

40 

i 40 

2 

SO 

SO 

2 

SO 

40 

1 

so 

160 

1 

160 

160 

1 

1 

1.280 

2,500 

lUlSO 

5,120 


COXCEUSIOXS 

The inclusion of shaking in tlie usual asglutination test technique enables 
Ihe laboratory to secure comparatively rapid results. Six minute.s' amtation 
in a Kahn shaking machine of the antigen-serum mixtures pennits nreliminov.- 
posUivo results to bo reported at once, and following .5 houre' incub-ifiou -.t o-c 
('.. the final titer can be rejioned. * ‘ 
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CKITEKTA F01? TJIE SELECTION OF AN 
lilLECTEOENCElMIALOCKAril^ 


Lons W. jMax. Pii.O.,t Jii:o Wh:sn);i!. Ph. I).. i ,\.vn 
.Ikssio Ci. ^1. Bi'ia.owa, 

Nr.w YoitK, N. Y. 


T he liistory of dcctrojiliysioloiiy has rojicatodly sliowji tliat oxjierimontal 
results may be distorted by tlic ])hysical limitations of flic roeordinp instru- 
ments. This danger is especially marked in the comparatively new field o) 
electroencephalography, where standardization of apjiaratus and procedure 
has not kci)t pace with the pressure for clinical ajijilieations. Accordingly, the 
relative advantages and disadvantages of available electroencephalographs merit 
careful scrutiny, since an error in .iudgment at the time of jirocurement may 
result in erroneous cx])erimcntal and clinical conclusions. 

Physical factors determining the accuracy of instruments for physiologic 
work and illustrations of errors introduced by infci-ior recorders have already 
been dealt with at some length by one of us;' the present report aii[)lics the 
earlier discussion to the selection of an adequate brain wave recorder. 


K.SSICXTl AI. in'QUntKSI KN'T.S 


1. Constant Frcqucncij Itcsponsc . — Among the reiiuircments an electro- 
cncepbalogi’apb must fulfill in order to record an accurate picture of the 
brain potentials is constant frequency response. This means that individual 
brain waves of equal voltage even though of different frequcucie.s must appear 
in the record as equal in height or amplitude. If the instrument cannot record 
the voltage of different frequencies with equal fidelity, certain waves of 
clinicallj' significant frequencies may be diseriminated against and e.scape 
detection. 

2. Lincaritij of Voltaqc Hesponsc . — Another important requirement is 
linearitj’ of amplitude response. The height of the iien deflections must be 
directly proportional to the magnitude of the brain potentials. For satisfactory 
recording and i^roportionality, this should hold within 5 per cent- for pen 
displacements up to 7.5 millimeters on either side of the zei'o line. 

Testing Apparatns: The following apparatus arrangement (h’ig. 1) was 
employed to cheek upon the accuracy of fre(|Uency and amjjlitude re- 


*From the JlediCiil Service, Dr. Oswald Dnltotonda, Director, of Hariem Hospital, Dejiai't- 
iiient of Hospitals, 

tAssociate Professor of P.sycholoK.v Hew York University, DIttaiier Feiiow in Pneumonia 
Tjeoesreh Harlem Hospitai, Aew Vork City, A isltinp Professor of Phy.sloiofry, Hew A'ork Uni- 
versity College of Dentistry'. 

iPiiysicist, Llttauer Pneumonia Kesearcli Fund, Harlem Hospital, Hew York City. 
BPllnlcal Professor of Medicine, New York University Collcfto of Medicine: Vlsltlnp 
Wivsiclan Harlem Hospital, Now Vork City; A'lsltinf: Pliysiclan. Willard Parker Hospital. 

^ ^ the Uittaiier Pneumonia Research Fund of New York University, College of Med- 

munen itudies received additional support from the Metropolitan Life Insurance Company, 
iclne. Bernard M. Barucli, Jfr. Bcrnaiit M. Baruch, .fr.. Miss Belie H. Barucli. and 

Mrl H KoheVt SamstaK. 
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sponses of three commercial varieties of electroencephalograph. An electronic 
oscillator genei’ates electrical waves of variable frequency; these waves are im- 
pressed upon a calibrated attenuator which adjusts their voltage to an appro- 
priate value; these measured waves are, in turn, supplied simultaneously to 
the several channels of the electroencephalograph under test (EEG) and to 
an Einthoven electrocardiograpli (EGG). The latter provides an independent, 
photographic check on the wave fomi, frequency, and amplitude of the test 
waves. The Einthoven galvanometer was adjusted to a constant frequency 
response from 0 to 100 cycles per second (c.p.s.). 


TO ADDITIONAL CHANNELS 



Kic- 1. 


Fig. 2 presents the results of the above test on the three varieties of 
electroencephalographs tested. The cirn'es present, in millimeters, the responses 
of the recording pens to electrical waves constant in amplitude but var>dng in 
frequency from 3 to 300 c.p.s. 


It will be noted that while none of the recorders has a flat response in 
the entire range, the curves from two of the recorders, designated A and B 
are markedly irregular in the range from 3 to 30 cycles, a ranee of frequencies 
of marked clinical importance. All of the curves are relativelv flat in the 
range from 30 to 20 cycles, but instrument A showed an undesirable resonance 
peak at 2.5 cycles. Since this peak is well within the range of the physiolo'dc 
frequencics to be recorded, serious frequency distortion would re-sult.* 

In amplitude response, none of the models proved precisely linear but 
the irregularities were not as imf)ortant as in the case of the frequency resp’on.se 
Even the best of tlie three recorders deviated from .strict lineaVitv Iv 
TTiaximuin of 13 j>f:r front (z por front j. * ' 


3 . Freedom From remprrntvre and IhnnidUy Efjeefs—Jt 
that variations of temperature and humidity encountered in 


Is important 
the average 
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laboratory shall not intcrfore M’itli llio .stability of the rei^ordrr’s oixiraling 
cbaracteristip.s. One of the insirnments tested, model B, showed varyimi 
frequency and a!n])litnde vesiionse.s on different days; these, we discovered, 
were a function of its proximity to n warm radiator. This model w.'is tested 
on a rolling laboratory table, and its stability of resj)ons(‘ depended on its 
di.stance from the radiator, ^lodel A was free of this temperature etTeel, but 
its writin" ])ens failed to maintain a eon.stant zero position on moist day.s. 
Model C remained ^inaffeeted by such temperature and humidity variations. 



FiC. 2. 


The following requirements seemed to be adequately met by all three of 
the models studied: 

4. IdcnUiy of Componeni C/inHjicf.v.— Where, as is usually the case, a 
multiple channel electroencephalograph is to bo purcha.scd, the channels must 
be adjustable so that identical input voltages will produce identical records 
on all channels. This is important because it is sometimes desirable to switch 
electrode leads from one channel to another iji the coiu'se of an electrocJiceph- 
alographic examination. Hence, a multiple channel instrument .should meet 
the following test: After all the channels liavo been adjusted to give equal 
pen deflections for equal input voltages, all the channel inputs are to be con- 
nected in parallel to the same two eleeti-odes on the jmtient’s skull and simul- 
taneous tracings taken. The tracings may then be sui>erimposed on eacli other 
and no two of them should differ by more than +.5 per cent. If the amplifiers or 
recording pens are not well matched, the instrument will not pass this test. 
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5. Freedom From “Cross Tcdl:.”~On(i channel must not interfere with or 
influence the others. Such interference, termed “cross talk’" hy analogy with 
a similar disturbance in telephone and radio communication, makes the records 
worthless. 

One way to cheek this i.s to connect one channel to the patient's skull; 
connect the inputs of the remaining channels to a noninduetive 5000 ohm 
resistor and ad.iu.st them for maximum amplification. No component of the 
brain wave record of the first channel should appear in the other channels. 

6. Low Noise. Level . — ^Where no voltage is applied to the input of the 
electroencephalograph, one would expect a zero deflection or straight line 
to be recorded. Actually the line unll probably contain some slight fluctuations 
termed “noise.” Since brain waves of an amplitude lower than these random' 
fluctuations cannot be detected, the “noise level” should be as low as possible 
and should not in any event exceed 2 microvolts. To cheek this, connect the 
inputs of all the channels to a noninduetive 5000 ohm resistor (to simulate the 
patient's resi.stance) ; ad,iust the amplifiers for maximum gain and inscribe a 
record. As estimated from the microvolt calibration, the noise fluctuation 
should remain helow the two microvolt level. This is particularly important 
for instruments containing B batteries, since the adventitious noise will increase 
as the batteries age and uill later prevent satisfactory recording. 

In view of the optimistic claims of manufacturers, purchase orders for an 
electroencephalograph should include definite specifications in accordance with 
the above requirements. 


SUAIMAET 

Criteria for the adequacy of an electroencephalograph are described and 
tc.sts are suggested for checking its performance. Frequency re-s-ponse curves 
of three commercial instruments are pre.sented. 
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SOME EXPERIMENTS ON THE ROMANOVSKV STAINTNO OF J3LOOD 

pil:ms 


R. 1). Lim.ii:, M.I).,* Ecthi-sda, .Md. 


I N the course of testing samples of M^riglit and (lieinsa stains, it became neces- 
sary to arrive at a teeliniquc wliicli would give the l)est. tinctorial results of 
M’hich the sample was cajjable, regardless of time or of convenience of the method, 
and these experiincnts led to results which appear to be of general practical in- 
terest. 

Controlled experiments were used, using several samples of dye, varied stain- 
ing times, and varied delutions. As test objects thin blood films from white rats 
heavilj' infected with Trifpanosoiiw equiperdum were \ised. These were fixed as 
soon as dry in absolute methanol for 2 minutes. A i)hosj)hate buffer of pll G.5 
was used throughout, as this gives a good orangc-])inlc color to erythrocytes and 
satisfactory blue cylo])lasm to lymphocytes. The stock bulTor contained G.2 Gm. 
KHjPO^ and 3.0 Gm. NTuIIPO^ in 500 c.e. each of CP methanol and distilled 
water and was diluted 1 ;20 with distilled water for use. 

In the fn-st experiment 1/2 and 1/3 dilutions of Wright stains JjM'r-n and 
NWr-lS were u.sed for 1, 2, 4, 7.5, and 15 minutes; 1/5 dilution for 2. 4. 7.5, 15, 
and 30 minutes; 1/10 for 4, 7.5, 15, 30, and GO minutes; 1/20 aiid 1/32 for 7.5, 
15, 30, 60, and 120 minutes, and 1/50 for 15 and 30 minutes, 1, 2, and 4 houns. 
The dilutions wore made in test tubes and thoroughly mixed, as lids i)roecdurc 
was found to give more uniform .staining throughout llic smear than tlic tradi- 
tional method of mixing on the slide. 

The 1/2 dilution, that is, one part of methanol stain solution and one of 
bulTered water, gave fair staining of nuclei in blue to violet lints in 4 to 15 min- 
utes, but the desired reddish purple chromatin staining was not attained. This 
coloration appeared first Avith the 1/3 dilution in 4 to 15 minutes, best at 7.5, 
rather dark in 15, but Avas best Avith the 1/5 and 1/10 dilutions in 7.5 to 30 and 
15 to 60 minutes respectively. Satisfactory staining Avas still attained Avilh the 
1/20 dilution in 1 and 2 hours, but Avitli higher dilutions did not occur cA'on in 4 
hours. The optimal dilutions and times of those tried Avere 1/5 for 15 minutes 
and 1/10 for 30 minutes. 

Next, a .similar series of stains Avas made AA’ith tAvo samples of Giemsa stain, 
NGc-13 and NIH-2B, using 6 adjacent time interAmls out of the folloAA’ing series: 
2, 4, 7.5, 15, 30 minutes, 1, 2, 4, and G hours, for each dilution. The dilutions 
used Avere 1/10, 1/17, 1/25, 1/36, 1/50, 1/75, and 1/100. The Iaa’o samples gave 
fairly similar results, AAuth a slight but consistent difference in favor of the 
second. Optimal staining gave deep red purple leucocyte and lymphocyte 
nuclei, clear medium blue or slightly grepnish blue cytoplasm of l.ATnphocytes 
and trypanosomes, and sharply .stained trophonuclei, blepharoplasts, and un- 

Senior Surgeon, V. S. Public Hc.alth Service. Dlvl.slon of Pathology. National Institute 
^*^ReccIved for publication, J.unc 17, 1913, 
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dulating membranes. It was noted in this and all subsequent experiments that 
when trypanosome staining was optimal, lymphocytes were somewhat overstained, 
while with optimal lymphocjde staining undulating membranes were often in- 
distinct. 

Times required for optimal staining with the various dilutions were as fol- 
lows: 1/10, 15 to 60 minutes; 1/17, 1/25, and 1/36, 30 to 60 minutes; 1/50 and 
1/75, 1 to 2 hours; and 1/100, 2 to 4 hours. 

Following our experience with the acceleration of azure eosinate staining of 
tissues with acetone,^ it was determined to apply this method to Giemsa staining 
of blood films. Accordingly, eleven 40 c.c. quantities of 1 :50 dilution buffered to 
pH 6.5 were made up, using Giemsa stain NIH-2B and containing 0 to 10 e.e. 
acetone by 1 c.c. steps. Five staining intervals were used with each mixlure, 
spaced so that each successive interval was approximately twice as long as the 
previous one. 

Good but not quite optimal staining was attained in one hour without ace- 
tone. Optimal staining was attained in one hour with 1 c.c. acetone, in 30 min- 
utes with 2 or 3 c.c. acetone, in 15 minutes with 3 or 4 c.c. acetone; good but 
suboptimal staining in 30 minutes with 5 or 6 e.e. acetone; inferior staining in 
any interval with 7 or 8 e.e., and very poor with 9 or 10 c.c. 

As 3 c.c. acetone to 40 c.c. dilute stain seemed to be ahont the optimal 
quantity, it was decided to determine the effect of various dilutions of stock 
Giemsa NIH-2B for varioirs time intervals, with and without acetone. 

Five dilutions were used; 0.8 e.e., 1.0, 1.2, 1.4, and 1.6 c.c. stock stain to 
a total of 40 c.c. diluted mixture, (ranging from 1/50 to 1/25 dilution), with 
and wthout 3 c.c. acetone in the mixture. Four time intervals were used, each 
double the preceding as before. Optimal staining times for the 5 dilutions with- 
out acetone w'ere 1 to 2 hours for the first two dilutions, 30 to 60 minutes for the 
remaining three. With acetone, times were 30 to 60 minutes for the first 2 dilu- 
tions; 15 to 30 minutes for the next two; and 15 or less for the last. Similar 
results were attained on repetition of this test using Giemsa stains NIH-2B, 
NGe-13, and LGe-6 at 1/50 dilution without acetone and 1/25 with acetone. 
The acceleration of staining in favor of the latter was between 3 and 4 times. 

As these tests indicated that more concentrated dilutions of Giemsa stain 
might give even faster staining, a further series of tests was made using 2. 2.5, - 
3, 3.5, and 4 c.c. Giemsa stain LGe-6. 3 c.c. acetone and water buffered to pH 6.5 
to make 40 c.c. Time intervals used were 2.5, 5. 7.5, 10, 15, 20, and 30 minutes. 
Optimal staining of trypanosomes and blood cells was attained in 2.5 to 5 min- 
utes with the 1/10 dilution, while about 10 to 15 minutes was needed with the 
weakest (1/20) dilution. 


Repeating this experience on a limited number of unfixed thick and methanol- 
fixed thin human blood films containing Plaamodunn vivax, stains compai-able 
to those obtained in 30 to 60 minutes at 1:50 dilution %vithout acetone were 
attained in 15 to 20 minutes at 1:25 with acetone, and in 5 minute.s at 1/10 
dilution. The Giemsa (X43i used in this te.st contained some relative sumlns nf 
methylene blue, so repetition of the te.st with three other samples 'Sm 9i 

xoc.13. done. ,hi* ,w„ fJ™, .ontaS pfaSSS; 

Wfilanar. Again, acceptable stainiim of para.site chrnrmi;,, ■ 'A.. • 

’’H-nntes in both thick and thin films with all three samples and" irith ont in 4 
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nuiuites. Tile thiclc films were iiroparetl in liie morninj: iiml sinined the same 
afternoon. It is notcworlliy llial of 21 lliici; films stained 2 to Ifi minutes, none 
were lost, while of 4 control Ihiek films .stained fid to t)d minutes in 1 afiO Oiemsa 
without acetone, only one iiad a small uvea left to look at on the slide. 

In the course of these oxiiorimeuts it was noted that one series fixed with 
previously used methanol .seemed to frive .slightly belter staining than expected. 
Thinking that this might he due to the presence of some water in the u.scd 
methanol, exjieriments were made using 100 per cent, !)"> per cent, t)0 ])cr cent, 
So per cent, 80 per cent, 70 per cent, 60 per cent anti nO per cent methanol in 
distilled water. Two lots of Giemsa were used, N11I-2B and l>(ic-(i, l/aO dilu- 
tion without acetone, and 1/26 with fi e.e. acetone to 40 c.e. with the first, the 
latter only with the second. 

The 60 per cent and GO jier cent metlmnol gave eoinjilete hemolysis. Much 
karyolysis also was evident with nO ])er cent methanol, fairly good leneoeyte and 
rather poor lryi)ano.somc staining with 60 jter cent. 'With 70 per cent some red 
corpuscles were intact, others jiartly hemolyzed, and with 80 to 100 i>cr cent 
methanol red corpuscles were well fixed. There was no aj)i)reeiahle din'erenee 
in the minimum time required for oj)timal staining of lym]>liocyte.s, leueoeytc.s, 
and trypanosomes with methanol percentages from 70 to 100 ])er cent. Pro- 
longing the fixation interval in 00 to 100 per cent methanol from 2 to 10 min- 
utes appeared to improve the staining somewhat. 

The Giemsa .stain NIH-2B. which was the one most used in those experiments 
and appeared to ho ccinal to or liettei' Ilian the commercial snmjilcs, was made 
in our laboratory from methylene bine and cosin by the method recently re- 
ported.' The jiroccduro is ([uotod as follows, since the original may not ho 
available to hospital laboratories. 

"Dissolve 10 gm. methylene blue of 85-88 iicrcent dye eontonl in GOO cc. 
di.stilled water. Add 6.S cc. concentrated .sulfuric acid (sp. gr. 1.835 to 1.84). 
Bring to a boil and add 2.5 gm. pota.s.sium bichromate dissolved in 25 cc. dis- 
tilled water. Boil 20 minutes. Cool to 10° C. or lower (place in refrigerator 
over night). "When cold add 17.5 gm. .sodium bicarbonate slowly with frequent 
shaking. Then add a 5 percent solution of eosin Y of about 90 percent dye con- 
tent and shake con.stantly until margin of fluid a])poars jiale blue or bluish ])ink. 
About 205 cc. will be required and three-fourths of this can bo added at once. 
Filter at once, preferably on vacuum funnel with hard ])niH>r. When fluid has 
been drawn through and surface begins to crack, add 100 cc. distilled watci-, let 
drain, and wash again with a second 100 cc. distilled water. Lay the (opened 
out) filter on a larger piece of filter paper or ])aper towel and dry overnight on 
warm plate or in incubator, at 37°C. The drying may be accelerated by using 
two 100 cc. portions of acetone or, preferably, 95 percent alcohol as washes after 
the second wa.sh with water. Drying at 55° to 60° C. lias been tried, and pro- 
duces quite a little alteration of the thiazin dye; less if acetone oi' alcohol washes 
are nsed and the heating limited to 2 or 3 hours. This is the crude azure B 
eosinate. 

‘ ‘ To make the crude azure A eosinate, proceed exact ly as above but take 5 
gm. potassium bichromate in place of 2.5 gm. and dissolve it in 50 cc. dis- 
tilled water. 

‘‘To make the methylene blue eosinate, dissolve 10 gm. methylene blue m 
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600 ce. cold distilled water and precipitate as before with 5 percent cosin, filter- 
ing and drying as above.” 

“To make the finished stain, grind the three eosinates separately into fine 
powder in separate clean mortars. (The same mortar may be used if wa-shed 
out with water, dried with a paper towel, washed with concentrated sulfuric 
acid until no more green color is liberated, then again with water and alcohol.) 
Then weigh out 500 mg. crude azure B eosinate, 100 mg. crude azure A eosinate, 
400 mg. methylene blue eosinate, and 200 mg. finely ground methylene blue. 
Decant the mixed powder onto the .surface of 200 cc. of solvent allowing it to 
settle in ^'adually. Then shake frequently for 2 or 3 days, keeping the bottle 
l)etween 50° and 60° C. between shakings. 

“The traditional solvent is equal parts of glycerin and methyl alcohol. If 
the bottle is tightly stoppered and the fluid level marked on the outside with a 
grease pencil or a piece of adhesive, there will be little or no loss from evapora- 
tion, and in any case the fluid level can be restored by addition of methyl 
alcohol. The glycerin .should be neutral, anhydrous, and of the pure.st grade 
obtainable. If the special methyl alcohol for blood work is unobtainable, ordi- 
nary C.P. methonal may be repurified by distillation in gla.ss after adding 4-5 gm. 
each of silver nitrate and sodium hydroxide. This destroys aldehydes and 
anchors volatile aeids as .sodium salts. ’ ’ 

CON'CLUSIOKS 

^Yright stain solutions made up in methanol in the u.sual 125 mg. per 100 
e.e. proportions can be made to give blood and parasite stains comparable in 
color eifeets to Giemsa by increa.sing the dilution to 1/5 to 1/10 and prolonging 
the staining interval to 15 to 30 minutes. 

Previous fixation in 80 to 100 per cent methanol and staining with premixed 
dilutions of either Wright or Giemsa slain is the preferable procedure. This 
indicates that methanol may be used repeatedly for fixation, as long as no evident 
hemolysis is produced. 

Addition of 5 to 10 per cent acetone, best 7.5 or 3 c.c. to 40, decreases the 
time required for Giemsa staining to about half. Increase in the concentration 
of Giemsa stain in the final .staining mixture deerea.scs the required time pro- 
portionately so that with a 1 :10 Giem.sa slain dilution containing 7.5 per cent 
acetone excellent stains of thin blood films are obtained in 5 minutes, and thick 
films may be adequately .stained in 5 to 6 minutes in the same mixture. Further 
thick films may be stained promptly with miu-h less danger of losing them when 
such short intciwals are employed. 
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THE RBCOTiDINfi OF HUNG CONTRACTIONS BY A PUhEEY AN^) 

BEYER [METHOD* 


1). E. Jackson, ^l.D., Cincinnati, Ohio 


A VARIETY of inclhods linvc boon usod by dilYorent invo.stif'alors to study 
the reactions of the broiiclnoles to dnifis, to elec.trical stimulation of 
nerves, blood pressure changes, air pressure variations, and other phenomena 
connected with the functions of the limps and the respiratory air passages. 
The lungs and the air passages have such varied and extensive functions to 
perform that no single method could be exiiccted to cover all ])hascs of these 
phenomena. Earlier workers have placed a lobe of one. lung in a, plcthysmo- 
graph (Brodic and Dixon, ^1. Cloetta) or have used a metal plate (“lung 
shield”) in the chest to form a plcthysmograph for one lung (Jackson), or a 
“lung plethysmograph ” was placed inside the chest' to hold the walls in a 
relatively fixed position while the chest cavity was intermittently aspirated to 
carry on artificial respiration, the animal usually being pithed (Jnck.son). 
Another method involved the insertion of a cannula into the chest cavity, or 
tlie passage of a perforated tube transversely through the anterior portion of 
the chest wall, thus permitting air pre.s.surc changes from both pleural cavities 
to be recorded. [More recently many workers have studied the reactions of 
small rings of isolated sections cut from the bronchioles. Sollmann and his 
co-workers have perfused isolated lungs through the trachea and noted the 
rate of outflow through iicrfoi-ations in the lungs. Tliey have also used a 
.special method to make microscopic cinematic .studios of cro.ss sections of 
fresh bronchioles.'^ 

jMost of these methods are too complicated or too time-consuming to be 
easily used by ordinary beginning medical students. Recently I have been 
using a method which I believe may be readily employed in ordinary class work. 

Fig. 1 illustrates the apparatus and the technique which I have used. The 
animal (dog) is anesthetized and placed on the operating table. The chest is 
opened by a mid-line incision, the sternum being sawed through endwise, and 
four strong ligatures about eighteen inches long are iia.ssed through the edges 
of the opening in the chc.st and tied around the sawed edges of the .sternum. 
These ligatures usually shut off the internal mammary arteries and veins and 
thus check any bleeding from cut. branches of these vessels. At the upper end 
of the opening in the chest the mammaiy arteries should be examined and 
separated down to their origins, for in some animals these arteries branch off 
from a single stem. If this condition is found, then one of the arteries should 
be doubly ligated close to its origin and the artery should then be cut between 
the ligatures. The chest should now be pulled open about three or four inches 
and held in this position by tying the ligatures at the side of the dog board. If 

^ ^rom the Department o£ PharmacoloBj- of the 'UiUvor.'slty ot Cincinnati Colleee ot Mcill- 

Becclved for puhUcation, September 0 . un.f. 
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the chest is thus pulled open in an animal in which the mammary arteries come 
off from one stem, one of them may be torn off unless it has been tied and 
sectioned previously. 

Positive artificial respiration is used, the lungs being well but not exces- 
sively inflated at the rate of about twenty-five or thirty times per minute 
(dog). The lungs and heart are freed from the membranous anterior mediasti- 
num, and care is taken to see that all lobes move freely in the chest and over 
the heart. A string about four feet long which is as free as possible from 
stretch (a fishing line is very satisfactoiy) is now attached by a stitch to the 
tip of one lobe of the lungs. I have generally used the upper right lobe, but in 
some eases other lobes may be used to advantage. 



a 


.. 1.— Diagrammatic representation of the lung apparatus and its method of applica- 

Ohio ) <3*scussion, see text. (Apparatus made by the Max Wocher & Son Co., Cincinnati, 


In Fig. 1 the string { 2 ) is attached to the tip of the right upper lobe of 
the lung. The string passes over a pulley (5), four inches in diameter, and 
thence to the second pulley (5), also four inches in diameter. The distal end 
of the string is then clamped to the writing lever by a small, light bulldo«T 
clamp, which allows the string to be quickly and easily adjusted to give the 
desired magnification by the lever, or to make the lever irate higher or lower 
on the drum. The two pulleys are made of light wood but have metal hubs 
"•Inch turn very freely on metal spindles. The pulleys are made large so that 
they can be turned very easily and thus not hamper the movements of the 
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limg lobe. The pulley 3 is supported by the rod •/, •\vhicdi can be turned in the 
clamp on the stand. But the end of the rod •/ i.s bent nl a right angle (behind 
the pulley 3) and thi.s .short bent end turns in the metal bloeh which earrie.s 
the .spindle supporting the pulley. This adjustment is secured by a setscrew 
in the metal block. By these two adjustments the pulley can be placed in any 
position and made to rotate i)i a plane which will direct tlie string toward the 
.second pulley 5, and also in .such a j)osition that the string attached to the 
lung can pull in the projier direetioji to record the movements most advan- 
tagoou-sly. The ])ulley 5 has .some six different adjustments whieli are attained 
by the special ari'angements sliown in the parts G. 7, 8, and Tlie writing 
lever (70) also has three adjustments, up and down (tm the rod 3), circularly 
(on the rod .9), and back and forth (throng!) the block aJid setscrew attached to 
rod 9). The tension of the writing lever is partly regulated by a very fine, ad- 
justable. coil spring and partly by the weight of the snnill bulldog clamp. 

The writing point itself is made of thin aluminum foil so that it is light 
and very flexible. Since it moves at a rather i-a])id speed (2.7 to dO double 
.strokes per minute), it should be jn.st .stiff enough to Jiiaintain good contact 
with the surface of the drum. The u]) and down sti-oke on the drum should be 
about three and one-half to four inches (dog). It is e.s.sential tlmt the whole 
mechanism works smoothly and with a miniiuum of friction. It i.s generally 
neee.ssary, e.speeially in the beginning, to do a little experimenting to find just 
the amount of weight and magnification to use foi- the lever. It can be seen 
that the device has a good number of adjustments. 1 have found that the 
proper adju.stment is very ncce.ssaiw in order to get the optimum effects from 
the lung, and this is one of the most likely points for failure, eve)) though the 
technique for the rest of the expo'iinent has beo) entii-ely eoia’cct. At such 
a time I have repeatedly found that some slight re))djusf)nent of the apparatus 
may lead to co)nplete .succc.ss. 

To obtain the best )-esults. tho-e will genei-ally be two fundn)nentnl )-e- 
quirements which must be mot. Thc.se a)-e. fii'st. a po-fcctly reliable artificial 
respiration inachine, and, second, the aniTnal must be kept still. lifost labora- 
tories now arc equipped with respiration machines which arc motor-driven and 
will regularly deliver eonstaT)t quantities of air inider constant pressure for 
each inspiration. An ordinm-y T-foi-m of tracheal cannula is used, and the 
excess air delivered by the machine at each discharge is allowed to escape from 
the cannula through a short piece of rubber tubing which eaiTies an adjusting 
(Hoffman’s) screw clamp. In this manner the desired extent of lung inflation 
is easily secured. 

Fig. 2 shows the effect which stimulatimi of the vagi nerves has o)i the 
kings. Movements were recorded from the right upper lobe, but stimulation 
of either the right or the left vagus nerve in the cervical region caused a con- 
traction. But the right vagus seems to be a little more effective than the left 
on the right lung lobe. Apparently the two vagi have so completely anas- 
tomosed before they pass into the lungs that either nerve can control either 
lung. This follows the embryologic development of the vagi along the gastro- 
intestinal tract and the branching off of the lungs from the primitive gut. No 
doubt this is important clinically. There arc some slight variations in the re- 
sponse of the lung to vagus stimulation, but these apparently follow very 
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closely the similar variations in cardiac response to the same stimulation. And 
the vagi endings in the lungs can be readily fatigued by stimulation just as 
occurs in the heart. 

Fig. 2 also illustrates the marked increase in general tone of contraction 
of the lung lobe as shown by the whole tracing tending to rise above the 
normal level as the nerves are stimulated. This is also shov'n in another way 
in Fig. 4. 




2. — Lung tracing made from the upper lobe of the right lung, and 
sUmulate carotid arterj-. R. V. S.. right vagus stimulated. L. 


the blood pressure 
V. S., left vagus 


The second basic requirement, that of keeping the animal still, mav be 
attained in different ways. A drug of the curare type, or a large dose of 
nicotine, might be used. But in many eases these would be objectionable 
because of the ganglionic action which effective doses of these drugs mav have 
This might obscure or prevent entirely any central action which a dru" in- 
jected later might have on the lungs. I have generally .succeeded very well in 
beeping the animal quiet by giving ether only until all operative procedures 
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wore coiiiiilelpd. ;md llioii T liiivi* iiijfiPlfMl inlravonoiisly ono or morr ful)ic 
ccntinietprs of ncmhulnl soliilioii (Al)l»oll’s solution). Tliis is doiip slowly 
and eauliously until just the riplit dopth of auosthosia is oblainrd, and tlipu a 
normal tracing is taken and the drufr to he studied is iujeeled, or sueli other 
jn'oecdurcs as have been ])launed are earned out. In a eerfaiu mnnber of 
instanees some dist\irbanees of the reeords may occur, beeausi? a profound 
bronchoeon.striction or a great fall in blood pressure may lead to such a 
marked degree of asphyxia that tliis leads to central stimulation and may 



Fig. 3. — Lung tracins: anil blooil pressure showliiK Oie ncUoii of .necolltie followed by 
atropine. These well-known ilruKs are useil so lUut the results mav be eoinieireil with those 
obtained by other inethods. 


cause the animal, to make .special attempts to breathe deeply, or other con- 
vulsions or stjuirming movements may occur. A sufficient dose of nembutal 
may control these movements, but in some cases this may cause too great a 
weakness of the heart or too great a fall in the blood pressure. Such difficulties 
can usually be overcome by injecting smaller doses of the bronchoconstrieting 
drugs. Possibly, section of the nerves to the carotid sinuses and bodies might 
help in some eases. 
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Fig. 3 illustrates the action of two common drug.s, arecoline and atropine, 
on the lung and on the blood pres.sure. There i.s a certain difference in form 
between this tracing and one made by a plethysmo graphic method. In the 
latter case the narrowest part of the lung tracing is usually near the middle 
of the up and down stroke of the lung tambour, and a genei’al increase in tone 
of the whole lung musculature can hardly be seen in the plethy.smographic 
fracing. But with this pulley and lever method even a slight increase in gen- 
eral muscular tone can be seen, even though there may be no apparent con- 
striction of the broneliioles as this is usualh' interpreted in plethysmographic 
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tracing showinjr the action of hi?ta.mlne and adrf-nalln. VotA / 

ri.e of record) after hlatamin^-, oven though adrenalin cnu--:H 

tracings. .A general upward .shifting of the whole lung tracing a.s made by the 
P« ley and lever method means an iiierea.se in tone of the whole lung rnas'cula- 
Mre Proliahly in the plethy.sioouraphie reeord the change.s recorded are due 
mainly to alterations of the Innc mnsciilature in the tran.sver.se diameter of 
lohe.s. hut in the pulley and lever rnetho,! the ehanues are obvion.slv mainlv 
the longitudinal diameter of the lobe. 
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It can lie noted that the njiper liniit of the left-hand iiortion of the hint: 
tracinp: in Fit?. 3 sliow.s a kind of saw-tooth eHVet. This a]i|)pJirs to he due to a 
peristaltic-like waxing: and wanint: of the lone of the lung: imiseles. While a 
reprular periodic variation in the force with which the air is delivered hy the 
artificial respiration machine mit:ht ])Vodnce such ti variation, still as a result 
of many observations 1 believe that these efifects are generally due to chanpes 
occurrinp within the lunps themselves, or jiossihly in some instjmees, due to 
changes in the pulmonary circulation brought about hy variations in the 
efficiency of the heart. 

It is advisable that the air blown into the trachea to inflate the lungs 
should not be introduced as a sudden strong blast. This may be avoided hy 
passing the air through some closed ve.ssel holding a gallon or more, ,iust before 
the air is blown into the tracheal cannula. 1 have fmiuently used a five-pound 
ether can for this purjiose. Two five-eighth inch tuluilatures about one inch 
long were soldered into the can, one in each end. and this was placed in series 
with the rubber rc.spiration tube near to the tracheal cannula. The can thus 
serves as a bufTer to tone down a bla.st of air that may be ton strong. 

Fig. 4 .shows the action of histamine and adrenalin on the lung. It will he 
noted that the adrenalin partly but not eom]>letely overcame the muscular con- 
striction caused by the hi.stamine. The persistent action of the histamine is 
shown by the gradual rise of the whole tracing, even after the adrenalin has 
produecd a considerable dilatation of the bronchioles. It may be that this 
progrc.ssivc inerea.se in tone is due to an action on longitudinal muscle fibers 
running in the lung lobe more than to an effect on the circular fibers which 
run in the walls of the bi’onehioles. 


SUM M Alt v 

A simple, practical method for recording lung contractions is iiresented, 
together with some re.sults obtained by nerve .stimulation and the administration 
of some common drugs. This method may be useful in ordinary ela.ss experi- 
ments. It keeps the normal innervation and circulation of the lungs intact. 
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A NEW FOR?k[ OF MYOCARDIOGRAPH TOGETHER WITH THE 
TECHNIQUE NECESSARY FOR ITS USE* 


D. E. Jacksok, Ph.D., JLD., Cixcixn'ati, Ohio 


A VARIETY of special devices for recording contractions of the heart have 
been used bj* many investigators in the pastd Each of these de-^ices has 
generally been designed with the object of overcoming one or more of the special 
difficulties involved in the nature of the experiment. Perhaps the most dis- 
turbing feature in the average experiment is the constant up and do^\^l or 
Wavering movement which the heart as.sumes as a result of the inflation and 
deflation of the lungs by the artificial respiration machine when the chest is 
opened. The de^^ce sho^vn in Fig. 1 has been designed tc reduce this disturbance 
to a minimum. Since the demee consists of two parts, the only connection be- 
tween which is the string (6), it is easy to place each part in the most convenient 
position on the operating table. The writing lever and its mountings may be 
placed near the drum and at such an angle as will render the recording most 
efficient. 

The experiment is performed by opening the chest of tlie anesthetized ani- 
mal by a median longitudinal incision, the sternum being sawed through end- 
wise, after which the chest is opened laterally about three or four inches (dog) 
and secured in that position by the ligatures which are tied at the sides of the 
operating board. Care should be taken not to rupture one of the internal mam- 
maiy arteries in ease both should ari.se from a single stem. The pericardium is 
opened by a median longitudinal incision, and each side of the membrane is at- 
tached up to the chest wall by a single stitch. The pericardium thus forms a 
kind of hammock in which the heart rests. Care must be taken to see that the 
heart or the incoming large veins, particularly the inferior vena cava, are not 
closed off or obstructed by any pull on the pericardium. It may frequently be 
desirable to make one or more incisions in the cut edges of the pericardium so 
that the heart may be permitted to beat freely and without any obstruction what- 
ever. The stand cariying the heart levers is now brought near the edge of the op- 
erating board and so adjusted that the short levers ( 2 ) and ( 3 ) can be placed jirst 
over the heart ( 1 ), the Icver.s being so oriented that their movements Avill be 
approximately in the same direction as the longitudinal axis of the heart Bv 
moans of the adjustment which is regulated by the set.scrcw ( 5 ) the levers are 
moved near together so that they may be sewed to the heart, each by a .sin^'le 
stitch of a very strong thread. ("Bullon hole’’' thread is very .satisfactory) 
Thus the levers are left close together until the recording lever is brought up 
to the dnun. Then, to match the other adjustments, the levers are moved farther 
ai)art again and fastened in place by the .set .screw (5). The purpo.se of this is 
t^j^tiie heart muscle on the proi>er tcn.sion between the attached levere. Oth- 
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crwisc inercnsc or decrease of lone in Ihe Jienrt would not l)e properly shown 
by the writing lever. 

The string (G) sliould have as little .slreleh as possilile. (A fishing line is 
very satisfactory.) This string ])asse.s through the .small coil .spring ( 9 ) over 
the pulley ( 16 ), two and one-half inches in diameter, to tlie pulley ( 77 ), four 
inches in diameter, and finally is attached hy a bulldog clamp to the writing 
lever. The bulldog clamp pern\its ready ad.iuslment of the string so that the 
lever can he made to write higher or lower on the drum or the magnification can 
be quickly changed. The sprijig ( 9 ) serves !is a f!e.vil)h; hollow tube through 



PlK. 1.— A lilagrammiiUc repre.sontnlUm of tlic ni.\ ociinnoKniph of 1L« iiietlioii of 

fipplicatlon. The (llstance between tbe two .it.md.s may be aOJu.sted to .><110 the •■'Ize and arrance- 
ment of the doK board or oporatliiK table, the position of tlie drum, etc., bv .simplv cxtcndlnsr 
or shortening the sOCTient of Uie striiifr 6 between tbe two pulley.s. For <nscn.s,>iion. .see text. 
Device made by the Max AVoeber & Son Company, ClncInmiU, Ohio. 


which the string slides freely. The spring is made of stiff steel or brass tvirc 
and is about one-fourth inch in diameter. The wire i.s wound closely, and the 
spring can he bent freely in any direction without changing the Icngtli of the 
enclosed segment of the string. It is this feature which permits the lieart to 
be moved about hy the lungs as they are intlatcd and deflated without these 
movements being recorded on the drum. Tlic springs which I have used are sold 
ill “dime” .stores and arc used to hold curtains back against window casings. 
Tlic springs are cheap and veiy offieiont. 
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The spring (P) is all ached to the metal tviijc [JO) Avhich passes eipAvard 
through tlie cylindrical parts Jl, 12, and 11. The rod {13) is fiimly fastened to 
the cylinder 12, and rod 8 is attached to cjdinder 11, while the rvood pnlley 
(two and one-half inches in diameter) is attached to cylinder 11. All of these 
parts can be firmly fixed in any desired position by merelj' tightening the nnt 15, 
which is threaded on to the upper end of tube 10. The spring 7 supports the 
heart levers and holds them in position .inst above and barely touching the heart 
before they are stitched to the lieart. This prevents the instrument from adding 
any extra strain on to the heart. The pulley 16 turns very freelj' on its axis, 
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Fig. 4. — MyocarAiogram fitiA blooA pressure- traclnc showlni; Uit action r.f , . , 

and the development of ventricular nbrilh-iUon. For ,mcu" .-do,^ atropine 

and it can be rotated on the tube 10, so a.s to face the larger pulley (yy) on the 
recording device. By moans of llie iiiirts 78, 19, 20, 27, and 33, 'the pulley jy 
(made of wood) can bo ad,jvisted in six different way.s. The writin? lever can 
also be independently ad.insted up and down, back and forth, or^ eircular-Jf 
around tlie rod :>?. Tension on the writing lever (26) i.s regulated both hv the 
weight, of the bulldog clam]) and by the coil siiring g.? tvhicli can be arjiusted ht- 
moans of the setscrew and part 21. I'ositivc arlifieial re.spiration mn.sf bo used 
with tilts inaebine. - -C,l 
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Fip:. 2 ilhistrnlcs sonu; coniinoii rosiilts Vffonlcd hy this dovico. 'I'lui blood 
pressure was recorded fi-oni the riftht. carotid artery. Nendaitnl was iipjected, tlic 
right and left (intact) vagi nerves were stimulated, and adrenalin was in.iected 
intravenously. The right vagus was considerably more active than the loft. 
It will be noticed that the excursions of the heart were actually considerably 
reduced when it was acting against the very greatly incnsised blood ])ressurc 
caused by the adrenalin, but as the pressure fell, the exeui-sions increased con- 
siderabl.v. There is alwa.vs some chance that a certain amount of “fling” may 
bo recorded b.v the lever when thi* heart is beating verv fast. The lever .should 
be light and flexible. I have found that very thin s|>rin'j: steel is satisfactor.v, 
but perhaps aluminum of the proper thickness and tmnper might be better. 

Fig. 3 shows the Tuyocardiograin and blood ]>r(‘.s.sure of a dog in shock. Two 
in,icetion.s of adrenalin were given, and the vagi nerves were stimulated. The 
blood pros.sure Avas .so low that the vagus inhibition hardly .showed in the blood 
pressure I'ccord, but the effect is obvious in the myoeardiogram. Also the brief 
period during which adrenalin is effective in .shock is well shown. 

It. should not be forgotten that ex])criments of tliis character may show a 
number of points which are not revealed by elect rmsirdiographic tracings, and 
in many instances observations in one field might well he used to .su])plemcnf 
information obtained in the other. 

It is .sometimes surprising to note hoAV much tension or count erwidirht must 
be put on the writing lover in order to .secure the ojitimum contraction records 
from the heart. The heart tracings should generally be started with an ampli- 
tude of about two and one-half to three inche.s, but it not infreijuentl.v happens 
that a slight .stimulation of the heart ma.v cause the record rjuickly to reach an 
amplitude of five or more inche.s, or it ma.v become so marked that the tracings 
cannot well be recorded on the available drum space. In these cases the height 
of the initi.nl tracing should he reduced before the stimulating procedure is 
started. It is highl.v c.ssential that all iiarts of the a]i])aratus bo properly ad- 
.iusted before the record is started, A certain amount of experience, and in 
each case some trial and error, must be carried out in order to secure a maximum 
of success. 

Fig. 4 shoAvs the action of arecolinc and atropine on the heart and blood 
pi’cssure. At the end of the tracing the heart Avas stimulated directly Avith a 
Faradizing current and throAvn into fibrillation. 3'hc myoeardiogram shoAvs 
the complete diastolic stale into Avhich the heart qiiickl.A* ])a.s.scs a.s the A'cnt rides 
begin to fihrillate and the blood pre.ssnre promptly falls to zero. 

SUAIMARY 

A ncAA'’ form of myocardiograpli is described. Tracings AA'hich arc made Avilh 
it and AA'hich shoAV the action of some common drugs atid of some laboratory pro- 
cedures are presented, together Avith a discussion of the technique iuA'olA'cd. 

REFRREXCE 

1 Several inetliod-s and instruments for recording myocnrdiograjdiii; fracings are given in 
' ' '.Tackson’s “Experimental Pharmacology and Materia Medica,’’ cd. 2, Si. Louis 3, 
Sio. 1931* C- kto.sby Co. Jlost of the operative tcelinique needed for the use 
of the device de.scribed in this paper is given in detail in tin; above text. 
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THE QUANTITATHT] DETER^illNATION OF C0:MBINED CHOLESTEROL 
IN THE PRESENCE OF BILE® 


Frakcis F. Foldes, Boston*, jMass. 


TN THE course of some experiments it became necessaiy to determine tlie even- 
A tual combined cholesterol content of the bile of different animals. In looking 
for a suitable method we found two methods described : one by WrighP and the 
other by Riegel and Rose.^ The method described by Riegel and Rose appeared 
to be too complicated for use in a clinical laboratory*. The method described by 
Wright pi’oved to be unsatisfactoi-y in our hands. By adding known quantities 
of cholesterol esters (acetate propionate and palmitate) alone and mixed with 
cholesterol to bile, the results we obtained with the Wright method were incon- 
sistent. In the presence of bile, digitonin failed to precipitate free cholesterol 
quantitatively; furthermore, neither free nor combined ehole.sterol eould be ex- 
tracted quantitatively with petroleum ether from the residue of the evaporated 
alcohol-ether extract. 

By a simple modification of the method described by Lloyd® for the deter- 
mination of total cholesterol, we Averc able to determine the combined cholesterol 
content of bile with satisfactory' accuracy. Since the bile of the animals we 
tested did not contain ester cholesterol, avc checked the method hy addin'^ knmm 
quantities of free and combined cholesterol, dissolved in alcohol, to bile 

METHOD 


Bile Avas diluted ten times Avith distilled Avatcr. To 4 c.c. of this diluted bile 
20 c.c. of 95 per cent alcohol Avere added in a 50 c.c. Erlenmeycr flask. After 
mixing thoroughly and adding a piece of quart'/, to avoid bumping, the mixture 
Avas heated in a Avatcr badi betAveen 70 and 80 ° C. for 5 rriinute.sr After heat 
ing, the contents of tl.e flask were filtered through a fat-free filter into anothr^r 
50 c.c. Erlenmeycr flask. Tlie filter Avas Avashed tAvice Avith 3 c.c of Avarm 
alcohol. Following tin's, tlie filtrate Avas .shaken for 2 minutes Avidi 30 e e' f 
petroleum ether in a separatory funnel, .\fter the separation of the alcohol 
and petroleum ether layers, the alcohol layer was allowed to flow hack 
fla.* a-hiC, l,„„ Tl,c o.hcr " 

poured out of the toji f.f the funnel. The last 1 tn 9 \ ^ 

in which there was a small amount of alcohol containing- , ^ 
l^ m.d was suhscqucnily added to the alcohol framion In dVEEemn 
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flask tliroufrli llie stopcoelc. The procedure of exlnu^linn was repenfed twice 
more. Because of tlie "rent soiuhilily of bile sails and bile ])if:uionls in alcoliol 
sli^lilly (1 :6) diluled with water and Ibe equally f;r<.*al solubility of cboleslcrol 
in petroleum ether, after the third extraction all of the cholesterol was con- 
tained in the petroleum ether fraction and was colleetcd in a 300 c.c. volu- 
metric flask. All nonlipid bile constituents were contained in the },u'eeni.sh 
yellow alcohol fraction. The careful ])erformau(;c of the se])aralion of the two 
fractions is essential for correct results, because the presence of even .small 
amounts of bile in the ])etroleum ether fraction can be the cause of frro.ss 
inaccuracies. 

'I'Ani.r. I 

CoMPAKisox or TIIK Amoitxt or Tot.vi. ako roMiaxiai Cnoi.i;.sTia:or, 
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Ki>rxi» 

Mn. 

MO. 

MO. 

CAT.CUI.ATnD 

MO. 


■1 f.c. jialinitdte “ohitiim* 

O.3.-, 


0.22 




4 c.c. palmifato Foliition 

o.:t 1 

tl.35 

0.23 

0.22 


0.2 C.o. dog bile 

0.24 



, 0 


1. 

4 c.c. palmilatc sol. and 

0.2 c.o. dog hilo 

0.57 

0.5 S 

! 0.23 

0.22 


4 c.c, palinitatc .sol. and 

0.2 c.c. dog bile 

0.57 

0.5 S 

0,21 

0.22 


4 c.c. pabiiitate solution* 

0.3") 


0.23 



4 c.c. palmitato solution 

0.34 

0.35 

0.23 

0.22 


0.2 c.c. cat bile 

0.17 



0 



2 

4 c.c. palmitate sol. and 

0.2 c.c. cat bile 

0.50 

0.52 

0.22 

0.23 


4 c.c. palmitate sol. and 

0.2 c.c. cat bilo 

0.51 j 

0.52 

0.21 

0.23 


0.3 c.c. acetate solution* 

3.07 i 


O.OS 



0.3 c.c. acetate sol. 

3.00 1 

l".07 

0.04 

O.O.S 


0.2 c.c. dog bile 

0.25 1 


0 


3. 

0.3 c.c. acetate sol. and 

0.2 c.c. dog bile 

1.30 j 

1.32 

O.OG 

O.OS 


0.3 c.c. acetate sol. and 

0.2 c.c. dog bilo 

1.20 j 

i 

3. .32 

0.05 

O.OS 


0.3 c.c. acetate solution* 

1.07 1 


1.03 



0.3 c.c. acetate solution 

3.07 

3.03 

1.03 

1.03 


0.2 c.c. rabbit bile 

0.15 


0 


4. 

0.3 c.c. acetate sol. and 

0.2 c.c. rabbit bile 

1.25 1 

1 

1.01 

1.03 


0.3 c.c. acetate sol. and 

0.2 c.c. rabbit bile 

1.21 j 

1.22 

1.00 

1.03 


♦Detcrniinallons nmi'kcd were made uccordlnB to Cloor and ICnnd.son'.*!' inotliod. 


After the separation is completed, the extract is made up with petroleum 
ether to 100 c.c. Fifty e.e. of this arc set aside and arc used for the determina- 
tion of total cholesterol as de.scribed by Lloyd.-'’ The other 50 c.c., used for 
the determination of combined cholesterol, are placed in a 50 c.c. beaker or 
Erlenmcyer flask. (The volumetric flask is washed out with 1 to 2 c.c. of 
petroleum ether twice.) After adding a piece of quartz to avoid bumping, it 
is evaporated gently on a steam bath under a hood. The evaporation of 
petroleum ether, pi-evious to the addition of digitonin, is necessary, because 
digitonin does not quantitatively precipitate cholesterol dissolved in petroleum 
ether The evaporation must be slo-iv; otherwise a large part of the cholesterol 
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remains on the Avail of the A'cssel. After the cA’apoi’ation of petroleum ether, 
12 to 15 c.e. of hot alcohol-ether mixture ( 3 : 1 ) are added, alloAving this to 
run doAA'ii sloAvly on the Avail of the A'essel, thereby Avashing doAA'n those choles- 
terol particles Avhieh haA'c precipitated on the side of the A’essel. To en.sure 
quantitative results, the A'essel is uoav heated on a AA'ater bath coA-ered A\’ith 
Avatch glass for 5 minutes, after Avhich the sides are AA'ashed doAvn Avith 2 to 3 
c.e. of etlij’l ether. This done, 2 e.c. of a 0.5 per cent digitonin solution are 
added, and from then on the determination proceeds exactly as giA’en by Bloor 
and Knudson.'* In the colorimetric determinations a red filter AA-as used as 
recommended by Bloor.® 

RESULTS 

To check the accuracy of the method, a knoAAn amount of alcoholic solution 
of a cholesterol and cholesterol palmitate mixture, or a similar amount of choles- 
terol and cholesterol acetate, Avas added to bile, the cholesterol content of Avhich 
had been deteraiined beforehand. Despite the Ioav solubility of cholesterol and 
cholesterol esters in alcohol, alcoholic solutions Avere used to en.sure complete 
extraction by the petroleum ether. The cholesterol content of bile and choles- 
terol mixtures Avas also determined, and the A'alues found Avere compared with 
the ones expected. The results are shoAvn in Table I. For brevity, the cholestei’ol 
and cholesterol palmitate and cholesterol and cholesterol acetate mixtures are 
listed in the table as palmitate and acetate solutions respeetiA-ely. 

SUMII.ARY 

A simple method is described for the simultaneous determination of total 
and eombined cholesterol in the presence of bile. 
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BOOK NOTICES 


Indigestion, Its Diagnosis and Management, With Special Reference to Diet’" 

1 NDIGKSTIOK’’ is a word wliioh mystifies ]iiiysieiuus just its freijiuuitly ns im'dienl terms 
mystify tlie liiymnn. 'Relifuss says Uint to tlie laymim iiulipcstion roprescnls “tlic vast 
ciitojjory oi conditions, imtii insidf' and outside tiie digestive tract , tliat inaiU'S iiiai conscious 
of liis digestion.” It is tliis fiict tlint nialies ‘‘indige...tion'’ so vnguo and Imrd to interpret, 
tliougii to tiic patient it may iie tlie outstanding symptom. 

Itclifn.ss examines indigestion from tlie eti<d<igie point of view, unraveling miteli of tiic 
confusion can.sed liy tlie unfortunate nature of the word. Sample ehapti'r heads in ids honh 
arc as follows: ‘‘Kervous Indigestion.” “Indigestion due to Allergy,” “Indigestion Sec- 
ondary to Infection,” “Indigestion due to Gastrii- runelional Itislnrl'ances,’ ‘ “Utliury Tract 
Typo of Indigestion,” “Tlie Indigestion of I’urdiovaM-ular Diseasi’,” “Tlie Indigestion of 
01(1 Age.” Each chapter consider.s the diagnosis am! treatment of the special type of indi- 
gestion and its nndorlying cause. 

Over l.oO pages are devoted to the special place of diet in tlie Ireatmeut of gastro- 
intestinal disease. This should tic espeeiiilly U'-eful to the general praetUiouer, .students, and 
others as a guide for proper iiiaaagement of food intake, whicli in all disease is of major 
concern to the patient. 

Echfnss writes in a light, anecdotal style, drawing freely from his own <>.vperienrc in 
gastroenterology for emphasis of important points, fndtpr.slioa can he reconvaieaded to all as 
a teaching hook and as a reference hook for the practieal maaagemeat of patients witli gas- 
trointc.stinal complaints. 


Visual Mechanisms t 


V ISUAIj uicchauisuis was the suhjeet of oiw of a series of symtiosia. arranged ia eclehra- 
tion of tlie Fiftieth Anuivcr.sury of tlie Fniversity of (’hiciijjo in It'll. Proldems of vision 
were discussed from the physical, hioclieniieal, physiologic, anatomic, histologic, aud psyciio- 
logicnl points of view. The present volume contains additioiml coiitriliiitions wliich supple- 
ment the eight original papers. 

The topic.s include the auutomy aud function of the ri-timi nml visauil cells, tiie neuro- 
physiology of the optic jiuthwny, the siguificaiice of th(‘ genieulostiiate .system, and the 
originization of the occipital lobe. 

There are more general discussions of ceretiral organization, energy relations in vision, 
and a theoretic consideration of sensory acnilv. 

Four subjects of special intere.-t at the present time are the photochemistry of visual 
purple, vitamin A, the effect of anoxia on the visual system, and alpha waves in relation to 
.structures involved in vision. 

yisnnl McchaiUfims was written by invc.stigators in the advance guard of visual re- 
search today. It acts in no sense as a general text in vision. Its purjiose is to give an ac- 
count of the possibilities of Uic latest rescarcli methods. 


•Inrtieestion, Its Diagnosis and Management. With Sueclal Refcrenco tn Diet Bv Martin 
E. Rehfuss. M.D,. Professor of Clinical Mcaicino. a.m SvitlwrUma H Prcvost lecturer in 
Tlierapeutics. Jefferson Medical College, Phlladelniiia. 550 pages' W B SiuindcKs Co,. PiiilO" 
delphia. 1913. .... 

tBiolpgical Symposia. Edited by Jacques Cattctl. Vol. YU. Visual Meclmutsms, Edited 
by Heinrich Kltiver. Tlie Jac(iues Cattell Press. Lancaster, Pa., 19.12, Pp. vtif + 322. 
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Autonomic Regulations* 

T his book is a ven- complete review of the iier\'ous anfl hormonal mechanism which main- 
tains the constancy of the internal environment against the stresses upon the body from 
the outside. Emphasis is placed on the mutual relationships of the various organs and how 
clianges in the e.vternal environment affect the various organ systems of the body. Adjust- 
ment reactions of the respiratorj- and circulatory systems to carbon dioxide,, anoxia, asphv'xia, 
hemorrhage, and hypoglycemia receive attention in the fir.st section of the book. The inter- 
relation of the autonomic nervous .system with the endocrine system receives attention, with 
a thorough rcriew of the literature on the nervous regulation of the hormones of the hypothe- 
sis and of the sympathetic, adrenal, and vagoinsulin sj-stcms. The integration of the auto- 
nomic and somatic nervous sy.'items and somatic reactions to hypoglycemia, asphyxia, and 
anoxia, etc., makes up the third main portion of the book. The author concludes the book with 
a summary of the results of the phy.«iologic investigations of autonomic reactions and the 
application of this material to clinical medicine, neurology, and neuropsycliiatrv-. In all, the 
book is 300 odd pages long. 

There has been need for this work for some time. It is a thorough integration of 
knowledge which heretofore has been spread through many journals over a number of year.s. 
It will be a valuable teaching aid for students of physiology and a source book for physi- 
ologists and clinicians with a physiologic approach to disease. For tlie new and growing 
field of psychosomatic medicine, Autonomic Hegulations will serve as a guide and orientor 
to a physiologic approach, which is so important for the proper development in this vonng 
branch of Internal Medicine. 

Dr. Gellhorn should be praised for his bibliography, which consists of eleven hundred 
references to the literature of the autonomic and endocrine systems and related .subjects. 


Biocliemistry of the Skinf 

IV /lEHICAL students and clinicians would undoubtedly welcome a satisfactory volume deal- 
ing with the chemistry of the skin and changes which occur in disease. Dr. Marko- 
witz’ hook completely fails to meet the need for such a study. Tlie work is sprinkled with 
erroneous statements and misspelled words. The bibliography is poorly compiled. The in- 
clusion of such subjects as basal metabolism and racial difiterences in blood, araomr others 
seems hardly justifiable, while, on the other hand, the important and related subject of the 
chemistr}- of sweat is only briefly considered. The chapters on tlie vitamins and dermatoses 
contain noncritical discussion of subjects such a.s achromotriebia, the use of mas=ive do=e=; 
of vitamin D for psoriasis, and the relation of biotin to cancer. Eeferences to the author’s 
clinical experience are few and superficial. The reviewer is left puzzled concerning the value 
the author attaches to the Caspari diet for malignancy, first described in 1£)2£) and included 
in the appendix of this book. 


Polarographyi 

CIXCE 1022 there has .Icveloped a new theory and practice for rapid qualitative and 
quantitative doterminatioii.s of most metals and nonmetab ac „<• 

oompounds. The method is .-on.sidcred of value in .serologic e.wimination ‘for tlie”‘SecILl"“o5 
sul^rx-1 containing compounds, unsaturated acids, carbonyl compounds, certain ^Jogen 

isychl:nr>l""ny ‘i:rn\To<^ .xFD;!'^Ph.lJ.?'l>Vore«or''of pn nn,\ Xr-uro 

crsity of Illinois, with SO Jllu.vtralions nn.l -Xcuro- 


Fv'omV-moco 

I’ul.n.sliers. Inc.. Xen- York. IPt.C. piece. Cloth. S,,.o 0 . ?-•- 

.'1.01 t^'irvi y of Clicmi.'try and MetaboJi<.m or .i ... - 

• •oWro"''''-,”-''n i'^'"' 'PfiMolda ‘"rM?-'’ M.arkowitz. M.D 
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(lerivativos, and in mnivinfc otlior l)!Oidiciniciil nysnyj*. Any siiljstnncp wliidi can lic electro- 
reduced or clcctrooxidixed can be detected and nicaKiired. The most dedrable concentra- 
tions for analysis rnnpcc between 10-< and 10-s iiinlur, wbicb on tlie nvorage can Iw measured 
with a deviation of 2 jicr cent. 

The analytic results of this new method depend oi> the intert>retatiou of graphical 
currcnt-voltagc curves; hence the name “vidtammelry'' seems appropriate, but it-s founder 
Jaroslav Ilcyrovsky has called it I’nloro^ropliy, The decomposition potential of a given sub- 
stance is characteristic of the particular electroredueible or electrooxidir.able substance 
present. The " half-wave potential” is cveir mote characteristic. The latter is rccognir.ed 
ns the potential of the electrode in tlie solution of nnUnown ngalnst an external reference 
electrode, indicated by tlm point on a current-voltage, mirve where the enrreat is equal to one- 
half of its limiting value. 'Under be.st conditions the limiting current is directly proportional 
to the concentration of the electroredueible snbdnnee. Tims, the ‘‘half-wave potential” 
shows the qualitative composition, while the limiting current measure.s quantitatively the un- 
known present, the interptotatim\s being made by referring to curves of known substances. 
Even mixtures can often bo assayed. 

The authors have writtou iv treatise, tlrooretical aud practical, which coarpares with their 
usual high quality work. They liavo not only digested the information in all of tlie four hun- 
dred odd papers puWisiicd on the sul>.iect up to 1040, but have supplied much information 
specifically by their own investigations. Due credit has been given to other worker.s, .and 
sufficient bibliography has been supplied to aid those desiring more (u>m))1cte information. 
This book of 500 pages, the only important one written in English on Polarngrapliy, should 
bo possessed by all interested in employing the methods and by ibose studying or teaching 
the subject. 


Spectrophotometry in Medicine* 

S PECTROPIIOTOMETItIC methods are becoming of more und more importance in lahorti- 
tory medicine; tlicy are especially valuable in researcli work. This translation of Inulwig 
Hcilmeyer'.s ” Medizinischo Spcktrophotomctric” by .Tordan and T. E. Tippoll will be 
found of great value to any one interested either in the theory of spoelrophotometry or its 
clinical application. Since this is primarily a translation of the original German version 
published in 1952, few references are made to method.s developed since that time. The de- 
scription of in.struments, however, 1ms been sui>plemciUed so ns to bring it up-to-date. The 
subject matter is divided into 0 topics: (1) tlieory and selected metbods of spectrophotomctr.v; 
(2) the spectrophotometry of whole blood, of hemoglobin, and of the most important hemo- 
globin derivatives; (.H) the first breakdown products of bomoglobiii ; (-t) the -spcctropbotonlct^y 
of blood serum and of normal and pathologic serum pigtnents; (n) tho spectrophotometry of 
urine, and of the most important normal and pathologic urinary pigments; ami (ti) the 
spectrophotometry of bile, a.scitic fluid, and ccrcbro.spinal fluiil. 




•Translation of Euihvip: Heilmeyer’s '•Medlzlnlsche Speklrontiotomctrii-” bv A .Iordan. 
•B., B.S. (Bond.). D.Sc. tStrasbourB), M.R.C.P. (Bond.) Insfnlcnr-Ciilml.sfe li C. M.. 

„iSslstant-PatholoRist E.M.S. ; J'u”-- Clicmlcnt PatlioIoRy to St. BnrtliolomcW.-s 

Hospital and T. U Tippcll. Clo . •• Adam HilRcr Btd.. Bondon. Enp.. ISIS. 

Obtainable In U. S. A. from Tlie . . ■ , ; ' 1G5 Newbury Street, Bo.ston, Alass. 
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(pervitin) ami. nimn woric output 
anil recover.v wi>en raplilly exliaust- 
iiiK work Is (lone by trained subjeets. 
(io;i 

lnlln(?nc<' of. on perfonnanee of rapldl.v 
exbaustlm: work iion(' by nntralne.l 
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Cysts and absces.se.s Induced in rat b.v Injec- 
tion of oils, note on. I'O.'i 
Cytolopj- of polyniorplionuciear leucocyte in 
toxic condillons, :il(l 

D 

D-desoxyepbt'ilrlno bydrocblorlde (pervitin). 

amplietamine (lienzedrine) .sulfate, 
and calToltie, Influence of, upon work 
output and recover.v when rapidly 
oxliaustlnB work l.s done iiv trained 
-subjects, (jn.l 

neliydroEcnases in tissues, determination of. 

new modification of ’TiuinborR metliod 
tor, .'iria 

llcmorDl In urine, determination of. witli pre- 
llndnary ob.sorvatlons on It.s excre- 
tion in man, T.S7 

Density flndinR-s witli licpariu in blood, plasma, 
and serum. 1501 

DermatolOKic ttierapy in Reiicral practice. GOD 
(B. Rev.) 

DermatolOEy, manual of. COO (B. Rev.) 
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Dermofluorometer, instrument for objective 
measurement of fluorescence of skin 
and organs and objecti^'e determina- 
tion of circulation time and capiliarj' 
permeability, 1740 

Desiccation procedures, effects of. on chemical 
composition of feces, urine, and milk. 
343 

Desoxycorticosterone acetate, electrolyte and 
water exchange between skeletal 
muscle and plasma in dog following 
administration of, 307 

Detoxication of monobromobenzene. vitamin A 
and, 1070 

of organic arsenical compounds, studies on, 
1821 

Device for injections into ear of rabbits. 74.5 
Dextrin and dextrose tolerance in patients 
witli chronic ulcerative colitis, com- 
parative study of, 60 

Diagnosis, laboratory, of protozoan diseases, 
370 (B. Rev.) 

Dialysis, rapid, convenient arrangement for. 
SOT 

Diathermy, effect of. on brain metabolism. OS-l 
Dictionarj-, Gould's medical. 2.52 (B. Rev.) 

Diet, indigestion, its diagnosis and manage- 
ment. with special reference to. 1.802 
(B. Rev.) 

Diets, tungsten metal, effect of. in rat. 1541 
Diffusion of dyes in ethylene glycol gels, 1003 
Diodrast-iodine in urine and in filtrates of 
plasma, determination of, 1.514 
Director)- of medical specialists, 10.51 (B. Rev.) 
Disease. Boeck-Besnier-Schaumann. as cau.se 
of pituitarj- syndrome, 140 
heart, and liver function, 1 
human amyloid, treatment of. simple liver 
preparation orally effective in. 1321 
nomenclature of, standard, 10.51 (B. Rev.) 
rheumatic heart, prophylactic use of sulfa- 
nilamide in children with, 1323 
War and, 601 

Diseases of metabolism, 02.5 (B. Rev.) 
Distillation, double, in one and same flask. 
1707 

Distilling unit, automatic, simple. 100 
Dog, peripheral blood and bone marrow of. 

hematologj- of. 1.57,5 
Dogs, erj-throcyte Ionge\'ity in, 84S 
Double zone phenomenon in antihuman tissue 
serum, occurrence of, 1.572 
Drug products. 10.32 (B. Rev.) 
prophylaxis against lethal effects of severe 
anoxia. 6S9. 700 

resistance, acquired, in hemolytic strepto- 
coccus. 14 

Drugs affecting reaction of mice to pain 
•stimulation, ev.aluation of, n e w 
method for, 1.5S5 

powdered, do.sing of, to small animaB. 12.53 
Drj- buffer .s.alt mixture.s for use in biological 
preparation.s. 07 

Duoden.al contents. enz>'me-s. amyl.ase. pro- 
tema.sc, and lip'ase in. estimation of, 

of infant-s relation of concentration of 
^tarcii suspen.sion.s to their u.se a.s 
5ub.‘?tratf*‘5 for Amyla^Cf of. J05 
r>y<*s, <Ufiu5iori of^ Jn ethvJonc plvcol 
Dyn.amic.s of Inflamm.ation. 2.54 (B. Rev.) 
Dy.sentep', hacitl.ary. cheniotherapy of. 64.5 
treatment of. with .succinyl sulf.atlii.azole. 


E 

I-.b.'rtliella, yalmoneil.a. and yiilgeil.a group,*. 

ror''Vr"4 f''vea. .8S agar 

K.l. in.a. venipuncture in presence of. 1020 
l-.leetric l.antem sp,i,. pointer. 1010 
nieetrteal pr^i^Iure for r, purinr.ation-concen- 
... ontiioxln. 1126 

l.,leetr,>,.ardlogra,«. T wav- in. new hypotbe*i,s 

nnm«*nn ICS 'vno- 

\ Irj nhnfirnrtl fOO 

v\(th prominent wavt *; m 1. u 

■‘'it-ntfleance „f. n-O ' 

l.leit . ■ e^tlnruinn of s.-nim pH with 

.Mmp!,. rlnnib-T for. KCtl 


Electroencephalograph, cn'teria for .selection 
of, 1S68 

ElectroJdnetic phenomena, new hypothesis of 
production of T wave in electrocar- 
diogram based on. 168 

Electrolyte and water exchange between skele- 
tal muscle and plasma in dog fol- 
lowing administration of desoxycor- 
ticosterone acetate. .307 

Electronic device for location of metallic frag- 
ments in vivo. .867 

Electrophoresis of proteins, 10.51 (B, Rev.) 
Electroshock patients, human skin as conduc- 
tor of 60-cycIe alternating current 
of high intensitj' in. 119.5 
Embrj-ology, textbook of. .380 (B. Rev.) 
Endocrine therapy, manual of, .380 (E. Rev.) 
Endurance, plantar reflex as criterion of, 606 
Enzymes, amylase, proteinase, and lipase in 
duodenal contents, estimation of, 1387 
Epidemic hiccup. per.*i.stent, etiology and 
serum treatment of. 277 
Epinephrine an ’ : ■ ' '■■■ . " ct of, on 

blood . : ■ ■ in bron- 

chial 

and ephedrine analogues and their clinical 
assay, 2.5.5 

Eo-throcj-te longevity in dogs and rabbits, S4S 
sedimentation rate determinations on normal 
youths. 207 

technical variations, 7,5 
Erj-thrpcytes. effect of freezing on. 14.86 
sedimentation rate of, simple rnicronietric 
apparatus for determining. 1S42 
Er> throcj tic P^eudoagglutination. significance 
of, lijf)S 


ujitusjon ot cires in. 1093 
Ethyl alcohol intoxication, effect of. on de- 
velopment of local inflammatory re- 
actions in rabbit. T14 

cellulose and methyl cellulose, ingestion of 
bl rats, observations on. 172.5 
Etiology of migraine .syndrome. 1213 
of porsisten^^ ej^demic and postoperative 

Evans' ^^^^Uophotometric de- 

E.xami„ation^^patient. ^Phyri^ of^sound with 

Excretion of sulfamethazine (2-su!fannamido- 
r*. #. '^-^^irneth) ipynmidine) in man lSo« 
Extracorpuscular volume of blood clot 8!) 
Extrasi-stolcs and length of cyde.s following 

om .889 ^ tortoise sinus with data 

Eyeglas.sesj^be_used with binocular micro- 


Faci.ai pro.stheses, coloring and aonlvio- 
Fa.stmg. circulating time in human and 
-E- » — . affected bv 289 ^ 

Fece.s. chemical compo,*ition of frrr„» e , , 
ic.i .. procedure on .in 

Eolation of Eberthella 

Shigella groups' from 

jfrji ‘ iiom, agar for, 

neutral fat plu.s sterol i 

determination of ”,u?"-,m‘i 
and of, i.viv ‘tt- -^cid fraction 

E-Ung'r;t^^"^;5rr/^'“-, '"’proved. I619 
nbrinolytic' at;-,-'":' 

bIoo,h H.v; " Pb..nomen.a in rabbit 
ink-writing, 4728 

„ nr; • “ - b.actoriologic work. 

apparent fructose 



1908 


sunjKCT isnnx 


I'luorcscenco mlcro>!C'niiy. (IciiumMtnitlon of 
tubeielo biicllU In tln.siin ))>•, l.'U!) 
ot sUln ana oiKiins. InstrunicMit far obJrcUvi- 
nicasuromiail of. 171(1 

Flyini;, pby.‘(Io!oyy of, linzanl.'! .ami ri'moill<-!<. 
580 

Food-nllorpy. familial iionrcnpliilc, 12!>:! (IJ. 
Ifov.) 

Forolpii bodies left In abdomen. 2.72 (11. llev.) 

Fonnaldebyde In air. determination of. simple 
and rollnblo motliod for. .■!72 

Formalin-treated serum, viseosity of, estima- 
tion of .serum Klobulln by me.asmc- 
ment of. 1I>.'!1 

Freozlnp, effect of, on erytliroeytes. 1 ISO 

FroR, .‘south Afrle.an clawed (Xenoims), lis(‘ 
of. as assay animal for Roiia<Iotrople 
hormones, 10:U 

Fructose, content of human o.vtracidlutar tlulil. 
apparent, 7;!7 


G 

Galactose tolerance, studies on. with .special 
reference to thyroid dl.sea.se, H’l: 

(Abst.) 

Gas samples, carbon dioxide .and <ixyRen In, 
approximate analysis o f, simple 

method for. IHRU 

Gas-free .sohitlons for use with Van PI.vl<e 

pasoinetrlc methods, app.aratu.s for 
BtoraRe of, ltr>8 

Gases, chronic exposure to. re.splratorv cham- 
ber for, 1851 

Gelatin, determination of. ra(>ld and shnple 

technlnue for. 12,81 
Glucophylllnc. furthiT studies on, ,"8 
Glucose tolerance tests, oral, Instanees of dls- 
apreoment in rosidts of two types of. 
Via (Abst.) 

Glucuronatc.s In urine, quantitative estimation 
of, 770 

Glycolytic enzymes ot s>‘novlal fluid. 1.72S 
Gold in bioloRlcal tissues, mlerodctermlnatloii 
of. 118 

Gonadotropic honnoncs, use of Soutli African 
clawed troR (Xenopus) as an n.ssay 
anlmivt for, K’M 

Gonococcal infections, transportation of mate- 
rial from, improved method. 1121 
Gonococcic infections, chcmothcrapv of. 177.7 
(D. Kcv.) 

Gonorrhea, dlapnosls of. by smears, species 
of tribes Mlmcao,' Xelssorloae. and 
Stroptococceae which coafuse. 7I<> 
Gram-positive and Rram-ncRatlve orRanlsms. 

staininp method for. In frozen and 
pavallhi sections, 1002 

Guanidhio and Its relationship (o mmrnlar 
dystrophy, ,70 

Guine.a pips, feeder tor. Improved. l(il!l 
Gum Khattl, purification of. 710 
OynecoloRj', pediatric, 703 (B. Bev. ) 


H 


Hay fcver-produclnp plaat.s In Uaited States. 

distribution and pollination time of 
important. 10.7.7 

Hcadacbo. caffeine-withdrawal, 1212 
Hc.alinR ot wounds. -1.71 
Health, Navy’s, carinp for, 331 
Heart disca.sc and liver function. 1 


in middle age. (ilO 

rheumatic, prophylactic use of sulfanil- 
amide in children with. 1323 
failure conRcstlvc, treatment of. in ambula- 
tory patients with orally adminis- 
tered mercurial diuretic. 147 
human, supernormal phase in, additional in- 
stances of, 7 

in experimental thyrotoxicosi.s. lOj 
transverse diameter of, method for rapid, 
repeated, approximate detennln.a- 
tlons of. 201 , , - , , 

Hematology of peripheral bjood and bone 
marrow in dog, 1575 ... 

Hemoglobinuria, paro.xysmal noctimnal, chronic 
hemolytic anemia with, SI. 

streptococcal, in various blood 


Hemolysl-S; 


media, 1740 


Ili-molyllc ‘itri‘pto(,(H.'cus. acquired ilrtig re.->lsl- 
nnee in, II 

Plieutnococcus. and .utaidiyloroeeus aureu.s, 
mlri' Infected with, effcots of .siil- 
fapyrar.lne niid mtlfadlazlrie on. 1.7''0 
Jleinolvzed blood, modllleatlon of Kalin test 
for use with. 10.7 

Heliiorrhagle dl.se-ises, 1030 (11. llev.) 
ll.'mo.statle Rlohidlii and .sulfatdlamldi'. dry 
powdered mixture of. prepanilOm 
ami properths of, 1 1<’-7 

Hep.’irin in blood, plasma, and serum, density 
IliidInRS with, 1.701 

.“tanilardlzatlon ami as.s.ay of. by tohildine 
hill.’ and azure reaellons. 702 
Hlieiip, per.sl.stent i pldemlc ami po-stoiwratlve. 

I'tloloRy ami .“.ruin treatment of, 271 
in.st.doRy, outlin*’ of, 10.72 <1!, it'-v.) 
lloiiifigi.al/.inc sp.-clmi’ns for hact.uloloRle pro- 
Ci-dures. adaptation of Kahn .sliatar 
for. 1000 

Hoi'iuones. R.mndotroplc. u-e .>f 8outh African 
elriw..,i frog (Xeiiojuis) as ajisay 
animal for. 1(211 

Human amylidd .lls<’a«e. treatment of. .simple 
liver piepiratlon orally eff.ctlve In. 
1.721 

anatom.v. alias of. ,77.S (11. Itev.) 

.•xtraeellnlar Mnid. apparent frtictO.“e eoateat 
of. 777 

lii'ait, supernormal phase Ip. additional In- 
stance.H of, 7 

pathology. inr,2 (I!. K.-v.) 
nypeiblllrublnemla follnwlng administration of 
.suironaniido.s, 71 

Hypertension, ehronle, prodiictlon of. In docs 
by proRies.'.lve licallon of nrterlts 
supplying the hea.l, 11X7 
Hypopiotelnemic rat. protein hydroly.sate In 
regeneration of serum protein !((. 
1117 


1 

Initnumdogy, fundamentals of. 12!i3 <1!, Kev.l 

In inemorlam — .Vrtliur II. Thomas. 127 

Inactivation of vaccinia virus by mild anti- 
.septlcs. (117 

Imllge."<tlon. U.s illagnosis nnd rnanageniont. 

with .special refecepco to ilb't, J802 
(II. Itev.) 

Infeetlons. gonococcal, transportathm of ma- 
terial from, Knproved method of. 
1121 

Infections mononncleosl.s, temperaUire cour.se 
ill, nmisnal, II 1.7 

Infestation with strongyloldes stercorall.s. ('.“O 

Innammatinn, dynamics of. 231 (B. Itev.) 

Injections Into ear of rahhlls. device for, 743 
Intravenous amt intrnperltoncal, mouse hold- 
ers racllllatlng, .720 

Ink-wrltliiR finger (dethysmograph. 172S 

In.^tnimeiit, new ami simple, for hlops.v of 
bone marrow, 1210 

Internal medicine In old age. .77.8 (B, Itev.) 

Intravenous admlnl.stratlon of oxygen, 1005 
Injections of soluble tin compounds, 1.714 

Iodine, blood, nature of, and Us determina- 
tion. 725 


.) 


.laumllce. eephalln llocculatlon test In. 1721 
latent, slmplUleil bedside test for. 0 


K 

Kalin reaction In spinal lluhl. serologic, itn- 
provoment of. 1.7.73 

Itytz, and complement fixation tests for 
syphilis, comparl.son of. In large 
series of adult iimle.s. 55 

■slinker. nd.aptatlon of a, for homogoniziiig 
specimens for bncterlologlc proce- 
dures. 1000 

test, modincatloa of, for u.se with hcmolvzed 
blood. 15,7 

verification test in malaria, SS2 
Kidney plethysmograpb. simple. 20S 
Klotz-MacLachlan .solution, simplified, for tem- 
poral-}' color preservation. 1025 
Iv}’mographs, roller rlm-drlvo, 1002 
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LaboratoiT animals, effects of various inten- 
sities of light on certain. Itjah 
diagnosis of protozoan diseases, 3i9 (B. 

investigation, rat in, 924 (B. Rey.) 
technic, approved, 253 (B. Rev.) 

I.antem slide pointer, electric. 1019 

Latent jaundice, simplified bedside test for. (• 

Lead in urine, rapid microanalj'tical method 

for. 1171 

Lemon preparations, determination of citnn 
in. note on, 1030 

Lesions in tissues of body following sulfon- 
amide therapy, 071 

Leucemia, acute, spontaneous rupture of 
spleen due to, 972 

Leuceniic patients, reaction of, to sulfon* 
amides, 1601 

Levinson test for tuberculous meningitis, 213 
Lichen Tropicus, sj'ringadenitis suppurativa 
tropicalis, complication of, 10S2 
Lifrht, various intensities of, effects of, on 
certain laboratory animals, lOOC 
Lipase, enz3'mes, amylase, proteinase in duo- 
denal contents, estimation of, 13i>< 
Lipidolytic cnzjTnes of blood serum, deter- 
mination of. 130S . . . 

Lipotropic action of parenterally administered 
amino acids in cirrhosis of the liver. 
nS7 

Litmus paper dispenser, ICOG 
Liver, alcoholic cirrhosis of, 721 

cirrhosis of, OST . ^ ■ it. 

disease, differential diagnosis of. simulta- 
neous performance of u eltmann 
serum coagulation t€st, cephalin floc- 
culation test, and modified Takata 
Ara reaction as aid in. 
effect of injurj- of, upon amylase and lipidase 
content of the blood, 1334 

function, heart disease and. 1 

preparation orally effective in treatment of 
Iiuman aniyloid disease, a simple, 
1321 

Low-grade chronic illness, bromsulphalein re- 
tention in. ISO 

Lung contractions, recording of. by pulley and 
lever method, 1S7G 
Lymphatic system, 794 (B. Rev.) 

H 

Machine-rolled stoppers for culture tubes 17^3 
Macroscopic blood typing, method of Thal- 
himer and !Myron, modification of, 
1752 

Malaria, Kahn verification test in, SS2 

rapid diagnosis of, by use of M ratten light 
filter. 1750 

Malignancy, maintained sedimentation rate, is, 
specific for, 323 

^lan in structure and function, 1294 (B. 
Mandelic acid in urine, determination of. l-i2 
Mannitol-fermenting Shigellac, isolation of, 
improved method for, 1255 
Materia medica, toxicology, and pharmacology', 
.synopsis of, 1050 (E. Rev.) 

Mayo, doctors, 794 (B. Rev.) 

Meals, circulating time in human being .an<l 
in dog, .as affected by. 2S9 
Me.lla for typhoid blood cultures, .«tudy of. 
11.32 

M‘-d|cril <llctionary, Gould's, 252 (B. Rev'.) 
lliU‘<lrallon. color photographs simplified, 921 
in L'nite-l States Army, historical an<l 
pres«*nt considerations. 1151 
nih(**-rr. war training of. Army's Medical 
I'if'hl y<-rvice Scliool and its. 3^*^ 
praelit'o. physiological basis of. 177.3 (B. 
IVv.) 

>»perlali>l-, directory of, 1051 (B. Rev.) 

aviation, some problems In. ,59o 
iMoilftjjpj^'rriry. rrde of, in current vv.ar effort, 

inp rirtl. In oh] nc*.. r,7s HL Ih-v.) 
inlHtary avi'iiinn. g» n. r;tl rni'-slon of. 577 

ph\'.--i<)](.',^v In, yiacl*-<vl'« 925 fl"* 
I’.I V.) ■ . \ . 

n iMIii il. a liLtorj' of. 0 '< (!’. p,.,- > 

I"? '■''"'■■iintic. (ii. ivv.) ' 


Medicine — Cont’d 

spectrophotometrj' in. 1694 (B. Rev.) 
war and, ,7.31 

a simposiuni. CfiS (B. Rev.) 
wartime, what citizen should know about. 
C69 (B. Rev.) 

Meningitis, tuberculous, Levinson test for. 21.3 
Menopause, sex hormone a.ssay.s in. their clin- 
ical significance, 7.32 

Jlercurial diuretic, orally administered, treat- 
ment of congestive heart fafiure in 
ambulatory patients with. 14i 
Mercury, determination of. in biologic mate- 
rial, simple and accurate method for. 

1511 

metallic, mercurous, and mercunc. histo- 
chemical demonstration and differ- 
entiation of. IS.3.5 
pharmacologj' of, studies in. 16-3-7 
Metabolism, brain, effect of diathermy on, 9S.3 
diseases of. 92-7 (B. Rev.) 
fat, in acne \-u!garis. 190 
Metallic fragments in vivo, electronic device 
for location of, SC7 

Method for determination of certain sulfon- 
amides in bile. 110 

of methyl alcohol and formaldehyde in 
aiL a- simple and reliable. 372 
for determining bromide in small amounte 
of blood, an accurate clinical, 779 
plasma density and plasma protein con- 
centration. simple, 232 
sedimentation rate of red blood corpuscIe.s, 
improved. 740 

-for rapid, repeated, approximate determina- 
tions of transverse diameter of heart, 
201 

for separation of blood serum, simple, 994 
photoelectric, for determination of potassium 
in blood serum. .3.>7 
Methods of treatment. 79.7 (B. Rev.) 

Methyl alcohol in air, determination of. simple 
and reliable method for, S72 
cellulose and ethyl cellulose. inge.stion of, 
by rats, observations on, 172.5 
Methylsalicylate, absorption and excretion of, 
administered by inunction, 16.5.5 
>rice infected with hemolytic streptococcus, 
pneumococcus, and Staphylococcus 
aureus, effects of sulfapyrazine and 
sulfadiazine on. 1.5S0 

reaction of, to pain stimulation, evaluation 
of drugs affc-cting, new method for, 
1.5S.5 

Microanal>-ticaI method for lead in urine 
rapid, 1171 

Microchemical determination of vellow pho=- 
phoru.s. 227 

Microdetermination of acetone and diacetic 
acid in blood, 1770 

of chlorides in viscous biological fluids and 
its reliability. 363 
of gold in biological tissues, ns 
3Iicrometric apparatus for determining sedi- 
mentation rate of enthrocytes 
Simple. 1S42 ^ 

Microscope, binocular, eyeglasses to be 
with, 7».iG 

3Iicroscopic observation of collodion particl^a 
as indicators of type-specific pn^u- 
mococclc immune reaction®. 113^ 
Microscopy fluorescence, demonstration' o { 
... , tubercle bacilli in tissue bv', 1.349 

Migraine. .«=ubjects. blood guanidin*-: U-vA in 
note on. 735 ' ' 

syndrome, etiologv' of 1219 
Military aspects of allerg%-. 
aviation medicine, gen^^ral micsinn r.f — - 
discirdine. problem of r(.adJu=Vm°-nt ‘ 
omergency._^.a,I.-.pt.atIon of tihnfci^n'- I^st'rue- 


■■j'™5oHsm in. 71.5 

-link, chemlc.-il composition of. effects of desic- 
-Alimeae. 

.'PC-CI- of tribes. Which 
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Moiiobronio^ii'ti'/.oni', 0<'t<ixle:illnii ot. vllmulh A 

ami, lOTll 

MononuclPO«i!s, infocllmiM. tompcratur.r fauna' 
In, unusual. Ml.' 

Morplilna nctloii, .sumo m-w aspicl.s af. MIi;i 
oxciollan. Inlluoiua' of p|-astli;iului' lui'lliyl- 
sulfat.' on. IIWI 

trapoiUln A, and tra.'^i'nlln, cffocl af, an 
rospiratlan. ."1 

Moulairo ])roslli<'sls, now linpravi'nu'nt.a In. t"!0 

Mouse lialdor.s faL'tlltiilllu: Intravonaua and In- 
ti-apalltoncal Injoctlan.s. .".'Jd 

■Muscular dyslvu\d\y. KuauMlu'- l\u^l Us »a-Uv- 
tlonsldp la, .'a 

work and fatlKiP'. Inlluince af. an slat" af 
tlio conlrnl ni'rvous .sysli iii. 

MvocardloKiapli. now faiin of. and IfilinlqiP- 
for Its IIS", isvi 


I 

Nautiral nu'dleln". short history of. C.ii'i (ft. 1 
Rev.) I 

Xavy’.s health, carim: for. .'at j 

Nclsscrlcai'. Mlinoai-. a n d Slraptornm a", . 

sjjcoh'.s of tribes, which confuse ill:ia- j 
nosls of panorrhea by smears. 7 in ) 

Xcoarsphonaiuln", lethal dosirs of. protictlvi' ' 
action o f p-aininohi nzolc a eld i 

apalnst. 1S21 j 

Xorvou.s .sy.stcin, central. Inlluencc of muscular ; 

work and fattpuc on state of, ir>r.r> j 

X'euroanatoni.v. 7!i.“i (1), Rev.) i 

Xcuroloplea! surpery. prlnolple.s <if, .‘m!! <n. 1 
Rev.) 

Xeuro.so.s. war. 'Iii!) I 

experience.^ of 10M-l!ilS and lessons for 1 

current emorpency, -IPO ; 

XltroRon retention, urea spot test for deter- 1 
tlon of. 

Xomenclature of disease and of operations. 

standard. 10.' I (R. Rev.) 

X'oraoKrnphs. construction of. simple metlaal 
for, MGS 

XutrlUon In war. liOn 


I 

O 


Oils, Injection of. cysts and at)scesses induced i 
In rat by, note on. 170." . 

Operations, nomenclature of. slundiird. bird 1 

(B. Rev.) , 

Optimal ratio between pneumococcus type l 
SSS and nntipneumococcus typi' J 
rabbit serum, use of pbotVonre- 

Ucctomctcr for determination of. S70 

Oral pliicoso tolerance tests. Instances of <lls- 
apreement In resnU.s of two tvpc.s 
of. 12.'. (Abst.) 

Orpan perfusion pump. MPt 

Orpanic arsenical compounds, di'toxlcation of. 
studies on. 1.P21 

Organisms, gram-positive and gram-negatlw. 

staining method for. In frozen and 
paraflin sections, b!02 
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method for. 13S0 

Intravenous administration of. lonti 
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mine. 1S21 

Pancreas effect of Injury to. upon amyliisc 
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Pancreatic function, studies of. 1331. l.lliS 
Panlllarv Ivmphoicl cystadenoma. 2nn 
Parenteral 'solutions, preparation of. effleient 
apparatus for. 1015 

Paresis, general, tryptophan test in. 338 
Paroxvsrnal nocturnal hemoprlohinuria. chronic 
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Pntholoirv’, human, 1052 (B. Rev.) 
of trauma, 1050 (B. Rev.) 
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.s'ianci“i. ICOT 

pH <kit:v an*! Milnhlllty of i’oinm<,*nly 
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bro'^pinal liuiii protriii t»y, iiv'tlu'*! 
for. 12ir.> 

incthoil for «h“tt‘rtnlnation of pol.a^-^lum in 
hloo«l .‘••oruMi. 355 
Photronrvtlcciom«'t* r. of. for 

of optimal ratio h«‘tna'»'n pnrurno- 
coccuf^ typo \ S8S ami anllpm umo- 
cofcn.*j typo I rahliit rernm, 

Physics of ‘jonmi with pirtlcular nlallon to 
♦ xamlnallon of path nt. 1555 
Phy.ciiologh* variahh‘.‘?, .^I'asonal varlution** in 
Some, nni 

Phy.Mlologicnl hasl.^* of mo. Heal jnarllco, 177.3 
(B. Uov.) 

ropuialion'*. 120:*. (p. lU'v.) 

Physiology r»f Hon^osllc .'nvimals. 71‘5 
(H. Uov.) 

of fniiguo, factors anil criteria of otulur- 
anec. 5(H» 

of tlylng, htir.anls an*! romodlo.'^, .•''5 
of mo(l(*n3 inoiHcirn*. ^Ifjclood'.v. P2,5 (P. Rev.) 
Plp«*ltc, hlooil plasma. 101 

Pituitary goaa(lotr(»pic sub.stancos in urlm*. 

))n ripltation atul assay of incn asoil 
amounts of. mollification.^* in metlmil.-* 
ri>r. 17tn 

PUuilrJn concentration li*sl of remal function. 

757 

symlronna .saicohlo.^is n.-^ rntiso of, l-IO 
Plantar roHex as criterion of endurance. <'h<; 
Plasma density and plasma protein enneen- 
Inilion. .simj)Io nuthod for determin- 
ing. 2.32 

fibrinogen concentration a n d t>rolliromhin 
clolliiig linn*, relation between, 010 
nitrates of, dlodrnsl-lodlne in. d(*torminallon 
of. 15M 

heparin In, den.^Uy findings wltli, 1501 
human, and serum toxicity, 17vSi» 

)>rotein eoncentration and plasnm density. 

.*?impU; method for detenidning, 2.'>2 
shell frcojiing and rapid drying of. from 
frozen slate by low icmi'erature 
water vapor condensation in vacuo, 
method and apparatus for. IHO 
Plasmodia In avijin malaria Infections, new 
method of counting, 1735 
Plelhysmograpii, finger, ink-writing. 172^S 
Pneumococcal specific carbohydrates, rapid 
method of preparing, with aid of 
electric current, 1025 

Pneumococci, idonlificallon of, sodium lauiTl 
sulfate solubility test for, 718 
Pncumococcic Immune reactions, type-specific. 

microscopic observation of collodion 
particles as indicators of. 1.13S 
pneumonia, prognosis of. significance of 
gross character of sputum in, 5231 
recurrent attacks of, treated with sulfon- 
amides, 201 
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Pneumococcus antiserum, use of sodium cles- 
oxycliolate-lysed antigen for produc- 
tion of. 311 

pneumonia, typo I, experimentally indiiccfl 
in albino rats, treatment of. 14r>r> 

type I SS.S and antipneumococcus type I 
rabbit serum, optimal ratio between, 
use of photronreflcctometer for de- 
termination of. S70 

Pneumonia, capsular polysaccharide in blood 
of patients with, 2.10 (Abst.) 

chronic indur.ative. resulting from cardio- 
spasm. 1501 

pneumococcic. prognosi.s of, significance of 
gro.ss character of sputum in. 12.31 
recurrent attack.s of. treated with sulfon- 
amides. 201 

recognition of virus type, 121 (Abst.) 

Pneumonitis, acute respiratorj- infection re- 
sembling .so-called acute. .521 

Polarography. ISO.I (B. Rev.) 

Pollen surveys in United State.s: critical re- 
view. 112G 

trap, .automobile. 1101 

Polymorphonuclear leucocyte, cytology of. in 
toxic conditions. .310 

Portal cirrho.sis. 120 (Abst.) 

Postoperative hiccup, etiology and serum 
treatment of. 277 

Potassium and acetylcholine in body fluids. 

approximate determination of. rapid 
biological method for. 100!) 

in blood serum, photoelectric method for 
determination of. 3.53 

Precipitation and assay of increased amounts 
of pituitary gonadotropic substances 
in urine, modification in methods for. 
1701 

tests for serodiagnosis of s'vphilis. inhibition 
phenomenon in. 173S 

Precipitins. quantitative titration of, in pure 
antigen-antibody system, simplified 
serum dilution method for, 1177 

Profession's war responsibility. 3S1 

Prophylaxis, drug, against lethal efCccts of 
severe anoxia. 050, 700 

Prostheses, facial, coloring and applying. 1517 

Prosthesis, moulage. new improvements in. 
1.390 

Prostigmine methylsulfate. influence of. on 
morphine excretion. 1100 

Proteases, new fibrinolytic method for assay 
of. and its application to analy.sis 
of coagulation phenomena in rabbit 
blood. 11.50 

Protein, cerebrospinal fluid, method for deter- 
mining. bv photoelectric colorimeter. 
1200 


determination, ex.act. in small quantities of 
spin.al fluid, method for. 1010 
liydroly.s.ate in regeneration of .serum protein 
in hyijoproteinemic rat. 1117 

Proteina.se. enzyme.s, amylase, and iip.aso in 
duodenal content.®, estimation of. 
V 13S7 

Proteins, electroplioresis of, 1051 CD. Rev.) 

Protcu.s and Palmonella org.ani.®m.®, urea-'c ac- 
tivity of. 171.5 

Prothrombin clotting time .and pl.a.sm.a fibrino- 
gen concentration, relation between. 
010 


studies in. 1.500 

using Ilu.ss-ell Viper vi-nom, 010, 013 
time, arterial and venous plasma In man. 
1.500 


Protozoan diseases, l.aboratorv illagrio.sis of, 
370 (I!. Uev.l 

rseudo.agglutinntion. erjthroe.vtic .®igni(lc.'inee 
of, 1 ,50s 

Psychiatry, fijnd.aniental.s of, f.7n < B, Rev.) 

I’sycliovenle fiietors in bronclilal a.stlima. 'i2( 
1 1 '. Rev. > 

Ps.'Tlio.siima tie medicine. 120.1 (B. Rev.) 

Pulley and levir method for reconling lung 
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Rabbit blood, coagulation phenomena in. 

analy.sis of, new flbrinolj'tic method 
for a.s.say of protea.ses and its ap- 
plication to. 11.56 

local inflammatory reaction.^ in, effect of 
ethyl alcohol intoxication on de- 
velopment of, 714 

Rabbits, device for injections into ear of, 715 
erythrocyte longevity in, S18 
Rapid dialysis, convenient arrangement for, 
807 


Rat, cysts and ab.scesses induced in, by injec- 
tion of oils, note on. 179.5 
effect of tung.sten metal diets in. 1311 
hypoproteinemic. protein hydrolysate in re- 
generation of serum protein in. 1117 
in labors tori' investigation. 921 (E. Rev.) 
.spontaneous activity of, effects of vitamin B 
deprivation on. 1680 


Rats, determination of blood pressure in, bv 
direct observ'ation of blood ve.s.sels. 
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feeding, simplified method for, 1621 
ingestion of methyl cellulose and ethyl cellu- 
lose by, observations on, 172.7 
Reaction, anamnestic, antibodv production 
and. 127 

Takata, modification of, in blood and cere- 
brospinal fluid, clinical experiences 
w-ith, 17 

Reactions, local inflammatorv, in rabbit, 
effect of ethyl alcohol intoxication 
on development of, 711 
toluidine blue and azure A standardization 
and assay of heparin by, 762 
Red blood corpuscle.®, sedimentation rate of, 
iinproved method for determining, 
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Kenai biood flow and tubular excretory ma.«.®, 
simplified technique for measuring, 
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function, pituitrin concentration test of 7.67 
glycosunn, renal blood flow, glomenjlar 
filtration rate and degree of tubular 
reabsorption of gluco.®e in I’B 
(.-Vb.st.) 

Ropurification-concentration of antitoxin elec- 
trical procedure for, 1126 
Re.spiration. effect of tra.sentin A. tra®entin 
and morphine on. 31 • - . 

Respiratoiy chamber for chronic exposure to 
ga.®es. 18.51 

infection, .'icute, re.®emhling so-called pneu- 
monitis. 524 
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heart dipea^e. prophylactic U5e of sulfanil- 
amide m children ■vrith, 1323 
Roentgenologist. Army, re.sponsibilitie.s of 628 
Roller rim-drive kymographs, 100^ ' 
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riilo oiytlirooytc, on iiornml 

youtliM, 2P7 

nmlntalueil, i;'. .spocKlc for niMllKnniioy. :i“S 
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.S(‘|i:ir;itlon of blood Fonini, slmlilo inolhoil for, 
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firovi'incnl of. lltfoo 
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bilirubin, direct and Indirect value.s. pro- 
cedure for ilcterinlnatlon of. 
dilution luethod for (luantHutlve titration 
of prooiidtlns In pure antinen-anll- 
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formalin-treated, viscosity of, rstlinallon of 
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pH, estimation of, with class electrode, i 
■sliuplo chamber for, 1033 ! 

protein, recenerntlon of. In bypoprotolneinlc i 
rat. protein bydroly.oate in. Ill" j 
toxicity, human pla.sma and. ifSG I 

treatment of per.slstent epidemic and post- ' 
operative lilccup, 377 1 

Serum-opacity tost for Clostridium welchll. j 
nonspccKlelty of. 13.11 

Sex hormone nssay.s in menopause, their cllnl- | 
cal slcnllleance, 733 

Shell freezlnp and rapid drylnc of plasma. , 
and other product.s from frozen .slate i 
by low temperature water vapor con- 
densation in vacuo, method and ap- 
paratus for. 1110 

"Shell .shock" and clTccts of IiIkIi explo.slvc.s. 

SOO 1 

Shisella, Eberlhnlla, and Salmonella proup.s, i 
isol.allon of, from feec.s, SS auar for. ' 
1021 I 

ShlKcIlae. Mannilol-fermentluK, Isolation of. ! 

Improved mctiiod for. I3.‘i5 
Shock, peripheral blood How in, portable ap- 
pnratu.s for e.stlmatinp. l.s.lii i 

shell, and effects of blnh explosives, ,7o;i . 

Skin, biochemistry of. IS'.io (B. Kev, ) i 

human, as conductor of Gfl-cycle allernallnp I 
current of hiph Intensity, 1135 j 

Sodium dcsoxycholate-lysed antinen. use of. 

for production of inieumoeoecus aii.l- ; 
serum, 311 

lauryl sulfate solubility le.st for hIiiUKUm- 
tion of pneumococci. 71 S 
Solubility and pH data of comnioidy used sul- 
fonanddes. KSS 

Soluble tin compounds, intravenous injootUms 
of. 13-11 


Sound, physics of, witli particular relation to 
examination of patient, 1535 
Soutli African clawed frog (Xenopns). use of. 

us assa.v animal for Konadotropic 
liormoncs, 1G31 

Spcctropbotometric determination of Evans' 
blue in scrum, 113-! 

Spectrophotometry in medicine, 1S31 dl. 
Kev.) 

.Spinal fluid, protein detcrndnatlon, exact, in 
small quantities of, metliod for. IGIH 
serologic Kalin reaction in, an improve- 
ment of, 1355 

Spleen, acute leueomia due to Iriuuua to, 373 
spontaneous rupture of, due to acute 
leucemia. 972 

Snutum concentr.atlon for cidturo of tubercle 
bacillus, 328 

ero.ss cliaracter of, sigtiiflcnncc of, In prog- 
’ no.sis of pnemiiococcic pneumonia. 
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QQ near for isolation of Ebeitliclla, Sal— 
“ monclla, and Shigella groups from 

tcccs, 1021 


Staining method for grnm-posltive and gram- 
negative orgunl.snis in froz'm and 
parallln .''eetioii.s, new and rapid, 
If, 02 

for lls.siP'.s. riuadruple, 335 

of blood illnis, Uomanov.-ijy, .-ome exp'-ri- 
meiil.M on. 1872 

tuliercle haelllu.s. new metliod of. 125 
(Ah.-d.) 

vaginal smears, two new lui thods of, 1171 

Slaphyloroeeal antiloxln and antleapsular iig- 
glutlidn, inethiiil for delerminallon 
of, u.iing eajdllar.v blood, 325,S 

.'^t.-iph.vloeoeeii-i nnlltoxln and .sulfathlarole In 
experlmetUal .staplivlococeie infec- 
tion, 1511 

produetlon of, 1775 

tnxoid, eomhlnlng powi-r of, a.s ldenUt%‘ le.-t, 

ir.U7 

••ffeei of sulfonamide eoiupoiind.'-’ on anti- 
laelj- re.-pon.‘ie lo, 1732 

Slaieh ,«u;ip.en.-lon."i. relation of eoncentration 
of. to their ii.-e ti.s .suh.strnles for 
am,\la-e of duixb'nal eont*nts of In- 
fant;.-. 105 

Sterility te.~l for .«ulf.'inll.'imlde powder.s, 7t3 

SP-riiai mariow a-plratlon. Improved inetlioil 
of. 11K2 

Slomaeh. eaiTlmmia of. developing In per- 
nleloipi atieitda. 1 1 

Stopper.s for eidUire lubes, marhine-rolb’d, 
1733 

Storage ves.-el feg- Mood, 121 

Stre|>tiH'oceal hemoly.sla In various hlooil 
media, 17-|a 

Streploeoeee;ie Mimeae, n n d Kel.'-’.'-erleae, 
speeles of Hlhe.s, which ConftlSe 

diamiosl.s of gonorrhea hv smi ars. 
7ln 


Streptococcu.s. hemol.vtic. acqulrml drug re- 
-slslanee In. 1 I 

Stroni;.\l(dde.« slereoralls. Infestation with. fiSO 
.suhmersiim syndrome, .“tud.v of normal cardiac 
i>'“pon."e to water h-low hod.v tern- 
per.itute with .-iw'elal ivfeieiico to. 

Sueeinyl svdfathlazole. treatment of haclllary 
dy.eeiitery with, 1G2 

Sulfadiazine and snlfap.vrazlne. efl'eets of. on 
mice infeeleil wllli hemol.vtic strepto- 
eoeens. pneuinoeeeeu.s, and Stapliylo- 
eoreus aureu.s. l.'Sa 

Sulfagtianidlne, further oh.seta-ations on, Gl5 
Sulfamethazine ( 3-.'.ulfanllamblo- 1-C-dlmethyl- 
pyrlnddine). absorption, excretion, 
and di.sirlbutlon of. In man. 1K2S 
Sulfamlamlde and bemostatle globulin, a dr.v 
powib-red mixture of, preparation 
liropertie.s of. 1155 

eoniponnd.s, effect of. on antibody response 
to slaidiyloeoei'US toxoid, 1732 
•leterminatlons, .some sonrei's of error in, 
)02S 

drug of choice, rapid method for doteriuln- 
ing. If, 20 

drugs and ar.ienieal compound.'i. compara- 
tive eri'eetiven,‘S.s of. against bacterial 
Infoeilon.s. 353 

ingeslUm. effect of continued, on acld-ba.se 
equilibrium of dog, 1103 
powders, .-lerlllty test for, 713 
propbylatic use of. la ehtidren with rbeu- 
matlr heart disease. 1323 
tbernp.v, lesion.s In tl.ssia's of body following. 
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Sidfapyrazlne and sulfadiazine, effects of, on 
mice infected with hemol.vtic strepto- 
coccu.s, pneumococcus, and Stapbylo- 
eoceiis aureus, 15S0 

.•< 1111011110 X 010 and staphylococcus antitoxin in 
experimental staphylococcic infec- 
tion, 151 1 

Sulfonamides, fatal anuria following adminis- 
tration of. with reference to tubular 
necrosis and regeneration, SOS 
hyperbilirubinemia following administration 
of. 71 

in bile, method for determination of certain. 
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in tissues, bisloclicmlcal method for demon- 
strating presence of, 1612 
reaction of Icucendc patients to. 1G31 
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recurrent attacks of pneuniococcic pneu- 
monia treated with, 29-1 . 
solubility and pH data of some of commonly 
used, 188 

Supernormal phase in human heart, additional 
instances of, 7 

Surgerv, neurological, principles of, 379 (B. 
Rev,) 

Suscentibility to cinchophen, variations in, as 
observed in animals with bile 
fistulas, 828 

.Syndrome, carotid sinus, three additional c^ses 
from Cardiological Setm'ce, Tj. S. V. A. 
Facilitj-, Columbia, South Carolina, 
1548 

migraine, etiologj' of, 1219 
pituitarj', sarcoidosis as cause of. 140 
submersion, studj' of normal cardiac re- 
sponse to water below body tem- 
perature with special reference ,to, 
271 

Synovial fluid, glycob-tic enzi'mes of, 1328 

Syphilis, Ridz, Kahn, and complement fixation 
tests for, comparison of. in large 
series of adult males, 99 
serodiagnosis of, precipitation tests for, in- 
hibition phenomenon in. 1758 
serologj' of, verification test in, 1175 

Syringadenitis suppurativa tropiealis, compli- 
cation of Lichen Tropicus. 1082 


Takata reaction, modification of. in blood and 
cerebrospinal fluid, clinical experi- 
ences with, 17 

Takata-Ara reaction. IVeltmann serum co- 
agulation test, cephalin flocculation 
test and simultaneous performance 
of, as aid in differential diagnosis of 
liver disease, 1462 

Technician instruction, adaptation of, to mili- 
tary emergencj', 566 

Technique for even distribution of gases 
through bacterial cultures, 102 

Temperature course in infectious mononu- 
cleosis, unusual. 1445 

Tertiary butyl alcohol in bacteriologic staining 
procedures, use of. 1599 

Test, cephalin flocculation, in Jaundice. 1721 
for latent jaundice, a simplified bedside. 6 
Kahn, modification of. for use with hemo- 
lyzed blood. 193 
verification, in malaria. 882 
Levinson, for tuberculous meningitis. 213 
of renal function, pltuitrin concentration, 
757 

serum-opacity, for Clostridium welchii. non- 
.speciflcity of. 1251 

sodium lautyl sulfate .solubility, for identifi- 
cation of pneumococci. 748 
sterility, for sulfanilamide powders, 743 
tryptophan, in general paresi.s, 338 
urea .spot, for detection of nitrogen reten- 
tion. 335 

verification, in .serologi' of .sj-phili.s. 1175 
Testosterone propionate, effect of, in treat- 
ment of arterio.sclerosis obliterans, 
269 

Tests. Rytz, Kiihn. and complement flx.atlon. 

for syphilis, comparison of. in I.arge 
series of adult males. 99 
Wellmann serum coagulation, cephalin floc- 
cul.alion. and modified Takat.a-Ar.a 
re.action, simult.aneous performance 
of. as aid in differential diagnosis 
of liver disease. 1462 

Tberai>y, dermatologic, in gener.al practice 
669 (I>. Rev.) 

endocrine, manual of. 380 ( n. Rev.) 
sulfonamide, lesions in tissues of the bodv 
following. 671 

Thiamin in blrK.d, det. nnlnatlon of. 1 :;62 
riu^racic war injuries, inanag* m.* nt of 41S 
Tlirombopiibbitls rnigr.an”, 1812 
Tlnudo rg meviiod f,,- di termination of de. 

TliyrotoxUsols. < xi-Tinn ntal. h, -rt in -s- 

Tin ee,npeun.ls.^s,.!uMe. intra.v. nous inJ.VVions 


Tissue extracts, effect of injection of. on num- 
ber of blood platelet-s. 157 
tubercle bacilli in, demonstration of, by 
fluorescence microscopy. 1349 
Tis.suc.s. biological, gold in. microdetermina- 
tion of, 118 

determination of dehydrogenase.s in, new 
modification of Thunberg method 
for. 353 

quadruple staining metliod for. 995 
sulfonamides in, histochemical method for 
demonstrating presence of, 1642 
Toluidine blue and azure A reactions, stand- 
ardization and assav of heparin bv. 
762 

Tortoise sinus, method for obtaining records 
of. with data on extrasystole.s and 
length of cycles following stimula- 
tion. 889 

Tourniquets, effect of, on venous blood sugar 
values, 1165 

Toxicities of alcohols, primary and functional, 
relation of length of carbon chain 
to. 1440 

Toxicity of pentobarbital, comparative, in 
newborn and adult rat. 706 
.serum, human plasma and. 1786 
Transfusion, blood groups and, 1773 (B. Rev.) 
Transpoidation of material from gonococcal 
infections, improved method of. 1121 
Trans\'erse diameter of heart, method for 
rapid, repeated, approximate deter- 
minations of. 201 

Trasentin A, trasentin. and morphine, effect 
of, on respiration. 31 
Trauma, pathology of, 1050 (B. Rev.) 

to spleen, acute leucemia due to, 972 
Treatment of arteriosclerosis obliterans, effect 
of testosterone propionate in, 269 
of bum.', newer concepts in. with sugges- 
tions for management of wartime 
thermal injuries, 474 
methods of. 795 (B. Rev.) 

Tryp.sin, method of as.saying suitable, for 
routine u.se in diagnosis of con- 
geiiital pancreatic deficiency, 124 

(AOStr ) 

Tryptophan test in general paresis, 338 
Tubercle bacilli in tissue, demonstration of, bv 
fluore.'cence microscopy, 1349 
bacillu.s, new method of staining, 125 
fAbst.) 

sputum concentration for culture of 3^S 
Tuberculo.sis. pulmonary. IVeltmann reaction. 
2.-J9 (AbsL) 

Tuberculous meningitis. Levinson test for 213 
Tungsten metal diets, effect of, in rat. 1541~ 

T wave in elc-ctrocardiogram. new hypothesis 
of produiAion of. ba-sed on electro- 
^ Kjnetjc^ phenomena, 168 

Oi, JIl liiaJl, 

Type I pneumococcos pneumonia, exp#^ri- 
nu-n tally induced by albino rats 
treatment of. 1455 

Typhoid blood cultures, study of media for. 

prophylaxis, percutaneous, 11 
Typims immunologic reactions 

loiiovrinR- in .Vrmy personnel, 1859 

V 

Urea detection of nitrogen re- 

Ureaso ^oteus and Salmonella or- 

method for 150' ' ' accurate 

, deterndnation of. 

I ciiemical composition of i • 

, tion Procu-flun-s on’ ^ <3csjccri- 



1914 


Ki:n.n:<rr 


INDKX ■ 


IJrlno — ContM 

clloilniRl-iotlini! In, dctfrniinnlli'n of, lall 
Klucuionatcs in, nw.mUtiitlvi' e;iilni:itlt>n of, 
77n 

load In. ranld inlorotinalylloal tnolliod for, 
1171 

innndolic acid in. dotorniinnllon of, 1272 
l)itutUii-y nomidolroplc siibstiincos in, i>ii- 
clplt.athm and nanny of Inoro.-i.sod 
ninoiinth- of. niodllicnlion in inotliods 
for, 1761 

Ij-Nviwe yinUoviis in nlinoi'innl oliolroonvdlo- 
urnni. USG 


V 


Vaccination, tynliup, innminoUinlc ro.noiiona 
foliowinp, in Army iior.^onni-l, l.s.Mt 

Vaccine tliornpy of low cnido clnonlo litfoc- 
tlon. attompta to obtain better re- 
sults will). 1117 

yellow fever, sysloinlc allerprlc reaction In- 
duced i)y. 1 rifei 

Vaccinia virus, inactivation of. by mild antl- 
.septics, a 17 

Vnpinal smears, .stalninp. two new inetbods 
of, 1171 

Van SlyUc pasoltiotrlc nii'lliods, pas-free solu- 
tions for use with, aptiaralus for 
slorapc of. IIGS 

Venipuncture in pre.senec of edema, 1G20 

Venocly.sis will) plucose and andno acid solu- 
tions. pliiel)itis follotvinp, exticrl- 
nicntJil study of, St2 

Venous blood .supar values, efCecl of tourni- 
quets on, 11 Co 

Verltlcation test in sorolopy of .sypitllls, 117.7 

Vibratory tbrc.sbold and vll)ralory ‘'.ailapta- 
tlon" curve. ai)paraU)s and tecbnlque 
for inca.sureini’nl of. 201 

Virus typo pnounionla, recopnition of. 121 
(Ab-st.) 

Visual inoclianism, 1S02 <11. Hev. ) 

Vitaiuin A and detoxication of nionobioino- 
benr.eno, 107!' 

11 deprivation, cffcct.s of. on .spontaneou.s ac- 
tivity of rat. IGSii 

C. effect of. on sensitivity to salicylale.s in 
cn.se of rltouniatlc fever, 2S 

K-lilJO .sub.slances, two water-solnlilo, pliar- 
inacolopy of. 1GG7 


I 

I 


i 

I 


\V 


War ami dlse.isi., r.oi 
iiial niedlclne, ,721 

effort, role of comentporar.v )))edleinc in cur- 

ri'iit, ns;: 

pnf-e.s, tlteir ldentillcatl))n and di'contioniim- 
llon, firo (K. Itev.) 

Injurlefi, tl)oijieie. manapement of, .ii.'i 
niedlclne. ii eyiuposluni. GGS <11. Hev.) 
I>4 ioUk ilealinir wltli, f.GS' 

•lynuiosjuin on, 3M, 721 
neuroM's. ISO 

cxpi-rlene- a of 191 1-19IS and k-.M.'-onv for 
enrii iil i iia'rpi-ney. 199 
nutrition in. 1297 
|■e.‘:pon.vllllll|y. I'rofiHslon'r, 2S1 
Iralnlnp of ni' illeal (>)Il<'er.s, Ainiy’.i Miiiical 
l''li‘bl yi'iviei' Scboid alai its. 2ts 
wounds ami anaeiobes, IG2 
healinp of. I.ll 
Warfnie. iiaidi rlal, 729 

ebrmicai, nieilieat maiuial of, GG9 <11. KeV.) 
niodi'rn. elTicl.s of, on elvll tiopiiiallon, Gfl 
of i)it'loi:le ap> nlH in. 729 
wiatnds of, 111 

Warllio*', civilian l)i';ittti In. G7ii <li. llev. 1 
in^slieine, wtial lb*' idtiren sinnild Iinoiv 
aiioiil. GG'i (11, Itev.) 

tiu rinal inlurli s, inanapenieiit of. ni wcr <on- 
e.-pvs in ireattm nt of lairns. with 
jinppe,slioi)s for. 17 I 

W.ater-balli, iiertifate ismst.anl leinpeiatiire. 

consti ucti d at ve| y low i-ost. 2I*J 
AVat*T-.sol)d)l<' vltaudn IC-IIhe .subst.'inces. 
Idiannaeoio;;)- of. 1GG7 

Wiltmann reaction in pulmonary tule'iculosis. 
f.tli.st.) 

seruni coa'tidatlon te.st, cetiballn Hoeeillalion 
test, aiel iiiodifteil Tal:ala-.\ra nac- 
tlon. siimilianeoUR perforinanee of. 
a.s iiiil in dlfferentliil iliaPiiosis of 
Ilvi’f di-sts'ise. I 1G2 
Wounds, loadlnp of. t.'l 
of warfare. 1)1 
wav, amt anae)«>I). 'i, 1G2 
Wratten lipl)t lilti )', rnplil illapnosl.s of in.alarla 
liy u,«o Ilf, 17**0 

Y 

Yellow fever vaeelne, systenilc nllerpie re- 
action induced l)y, 1GG2 
piiosidiorns, iidcroelieiidc.'il determination of. 
r. 




